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1 Introduction 

 

1.1 Relevance of the study 
 

Analysing the chemical firms´ efforts to reduce environmental pollution technologically is 

important for two major reasons. First, especially firms belonging to the chemical sector have 

been criticised by different groups of societies in Germany and elsewhere because accidents 

and waste which result from manufacturing, transporting, using and disposing chemical 

substances endanger both human health and the environment. Second, the chemical industry 

plays a key role in reducing the environmental pollution of the whole industry. Chemical 

products such as polymers and various other chemical substances and materials are 

intermediate inputs in several industrial sectors such as the electronic, car, and building and 

construction industry, i.e. chemical products “are the basis of the economy of virtually every 

industrialised nation” (Anastas and Williamson, 1998, p.1).  

 

1.2 Objectives and hypotheses of the study 
 

In this study we focus on the efforts which German chemical firms and their establishments 

are making to reduce a specific waste which results from manufacturing chemicals: waste 

water. More specifically, the overall objective of our study is twofold. First, we will 

investigate the pattern of process innovations of West German chemical firms to reduce waste 

water. Here, process innovation means the introduction of water benign process technologies 

which are improved or new from the viewpoint of the firm´s establishment. These 

technologies can be acquired externally or can be developed by internal resources. We will 

describe the role of specialised engineering firms (SEFs) as external technology suppliers and 

analyse what kind of chemical firms are most likely to develop waste water reducing process 

technologies in-house. Second, we will examine the establishments´ reasons for (i) carrying 

out or (ii) refraining from process innovations to reduce water pollution. Understanding the 

firms´ innovation behaviour is a precondition for an effective support of public policy towards 

an environmentally safer development. In doing so, the 1990s are especially interesting 

because in this period chemical firms and their establishments increased technological 

activities to tackle water pollution at source or to recycle valuable material in effluent 
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polluting streams (integrated technologies), rather than implementing additional processes 

that treat waste water after its emergence (end-of-pipe technologies).  

 

In particular, we will investigate the following hypotheses: 

 

The pattern of water benign process innovations: 

 

(i) Large firms predominate R&D activities and innovation in the field of water 

protection process technologies. Historical investigations showed that in chemical 

processes large firms predominated both invention and innovation (Freeman and 

Soete, 1999, 227-241). Therefore, we expect a similar pattern of process innovations 

with respect to chemical processes that reduce waste water. 

 

(ii) Specialised engineering firms heavily support water benign process development and 

innovation. After the Second World War, a new market for engineering and 

construction services has developed. Many chemical plants were constructed and built 

up by outside suppliers. Therefore, we expect this division of inventive and innovative 

labour also with regard to water protection processes. 

 

The firms´ reasons for carrying out water benign process innovations: 

 

(iii) Reaction to environmental regulations of the government and public authorities is the 

most important reason for carrying out water protection process innovations. Firms 

will usually refrain from implementing additional water benign processes if their 

production costs are higher than more polluting alternatives. Environmental 

regulations such as charges or standards strongly promote water protection process 

innovation because they increase the costs for polluting processes or force firms to 

implement more water benign processes. 
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The firms´ reasons for refraining from water benign process innovations: 

 

(iv) Missing impulses due to non-tightened standards are the most important impediment 

to (further) water protection process innovations. Tight emission standards represent a 

strong incentive to water protection process innovations. However, if the polluting 

firms meet the standards their innovation incentives are low because they receive  no 

extra gains to reduce emissions beyond the level that is legally allowed. 

 

(v) When entering into voluntary self-commitment programmes such as the “Responsible 

Care Initiative” firms and their establishments commit themselves to certain 

management practices which account for environmental issues such as water 

pollution. Thus, one may expect that the reasons to refrain from water protection 

process innovations have a systematically different importance for firms that 

participate in voluntary initiatives than for firms that do not. 

 

1.3 Relevance of waste water in chemical processing 
 

As already mentioned, we concentrate on a specific danger which chemical firms represent 

for both human health and the environment: waste water caused by the production of 

chemical substances. The reason for focusing on waste water is twofold: First, the demand of 

fresh water for human consumption has strongly increased in the last 25 years both in the 

European Union and in many countries all around the world. Simultaneously the number of 

countries that face an occasional or regional scarcity of water is increasing (OECD, 1998a, 

p.7). Hence – among others – there is a need to use water efficiently and to minimise waste 

water that is caused by the industrial production of chemicals for example. And second, waste 

water is one of the main sources of industrial waste in the chemical sector. Waste water is 

produced by cooling chemical processes (cooling water), by the cleaning of equipment and 

piping (cleaning water), by the employees of chemical companies (domestic waste), and by 

joint products in chemical reactions (effluent process waste). Waste water resulting from joint 

products is an idiosyncrasy of the chemical industry: The conversion of a starting material and 

at least one reaction partner (supported by the addition of further substances such as solvents, 

some auxiliary substances and a catalyst) into the desired chemical substance is necessarily 
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accompanied by the production of some undesired joint products which may contaminate 

water. 

 

Effluent waste can be reduced by the introduction of specific process technologies1 – 

here called water protection process technologies (or similarly to avoid monotony) 

encompassing both the physical artefact to reduce water pollution and the knowledge to 

develop and operate it. 

 

1.4 Technological options to reduce waste water in chemical processing 
 

Usually two classes of water protection process technologies can be distinguished: First, end-

of-pipe (or additive) technologies which are added downstream to chemical processes. They 

prevent the direct release of hazardous emissions into the environment and can be divided into 

three subclasses: one treating waste gas, one treating waste water and one treating solid waste, 

such as sewage sludge. Here, the last two subclasses are of interest (see diagram 1.1). Second, 

production-integrated (or clean) technologies which in turn can be divided into two 

subclasses: First, technologies that reduce emissions at source by changes of input material or 

by changing the processes. Second, recycling technologies that return valuable material in 

polluting streams to the original process or to another process of the plant. The recovery of 

material results in less hazardous waste streams. Here, both subclasses of technologies are of 

interest. 

 

End-of-pipe and production- integrated technologies constitute a separate technological 

paradigm in Dosi´s sense, i.e. they embody a specific outlook, a definition of relevant 

problems and a pattern of enquiry (Dosi, 1982, p.148). 

 

 

 

                                                                 
1 Prudently used technology could be a blessing for the environment. However, from an ecological economics 
perspective technological progress is not able to solve any material problems of humankind (Hussen, 2000, 
p.163). Besides efficiency gains by technological progress ecological economists such as Nicholas Georgescu-
Roegen and Herman Daly (to mention two distinguished advocates) stress the importance of changes in habits of 
consumption and production (scale) in order to reduce environmental pollution (Hussen, 2000, p.152-175; 
Majer, 1999, p.320). 
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Diagram 1.1: End-of-pipe and production-integrated technology to reduce waste water 
 

 

WATER PROTECTION PROCESS TECHNOLOGY

PRODUCTION-INTEGRATED END-OF-PIPE

TREATMENT
OF WASTE-
WATER

RECYCLING:

- Return to
  original process

- Raw material
  substitute for
  another process

TREATMENT
OF SEWAGE
SLUDGE:

- Disposal

- Incineration

REDUCTION
AT SOURCE:

Input material
changes

Process changes

- change in
  reaction,
  reaction
  medium,
  catalyst,
  solvent,
  operational
  settings

- change from
  batch to flow
  process
    

Source: The diagram adapts Hohmeyer and Koschel, 1995, p.6 

 

End-of-pipe technologies modify emissions in order to make them less polluting or to better 

store them (Hemmelskamp, 1997, p.178). Because they focus on treatment of after-the-fact 

(effluent) waste streams end-of-pipe technologies do not reflect a prudent course in dealing 

with environmental issues. In contrast, production- integrated technologies save natural 

resources via pollution prevention or resource recovery and thus support a sustainable 

development2 with the concept “sustainable development” having different aspects. Among 

others these include causal-oriented protection of the environment which is ensured by 

                                                                 
2 A widely accepted definition of the concept “sustainable development” is the one publis hed in the Brundtland 
Commission report. The report defined sustainable development as “development which meets the needs of the 
present without sacrificing the ability of the future to meet its needs” (Brundtland-Report, 1987). 
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production- integrated measures. Thus, in order to pursue the goal of a sustainable 

development a hierarchy of technological measures can be established. Process technologies 

that reduce waste (water) at source should have first priority. The second priority is resource 

recovery and the last priority is end-of-pipe treatment of after-the-fact (effluent) waste 

streams (Fuller, 1999, p.6 and 86-87). 

 

1.5 Chemical firms considered 
 

We limit our sample to chemical firms of West Germany (FRG) and exclude chemical firms 

of eastern Germany (former GDR), for the firms of the two regions were working with a 

different age and composition of the capital stock (oil-based versus brown coal-based 

production for example) resulting from different frame conditions (management and working 

rules for the behaviour of economic agents). Additionally, West German firms have had to 

account for many environmental regulations when developing and operating new plants. 

Therefore, the knowledge base of firms of both regions was different before 1990. Because 

the existing knowledge base influences what a firm can learn and discover in the future the 

capabilities of chemical firms in both regions to carry out water protection process 

innovations will be fundamentally different even after German Unification. 

 

1.6 Research methods: methodological input from different disciplines and data from 

different information sources 
 

This study follows an eclectic research approach. The conceptual frame of waste water 

reducing process innovation mainly consults theories and methodological input from 

economics, chemical engineering, chemistry, history of industrial chemistry, and policy 

analysis. 

 

The empirical information is obtained by the examination of patent data and by the 

collection of direct information from chemical firms in order to get original data. Direct 

information is obtained by the evaluation of environmental reports from chemical companies, 

as well as from evaluation of questionnaires and interviews with representatives of chemical 

firms.  
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Some hypotheses could be tested statistically. With respect to the remaining hypotheses we 

could not provide information about how likely it is that the empirical results are due to 

chance of the particular data we used. In those cases the data provide “suggestive evidence” 

for certain conclusions. 

 

1.7 Study structure  
 

The study includes seven chapters. Chapter 2 provides an overview about the 

(German) chemical industry. First of all, it elucidates the continuing and widespread 

importance of the chemical industry in industrialised nations. Furthermore, chemical products 

and production methods will be described to provide a real feel about the chemical sector. 

Finally, an idea about the nature of process innovations in the chemical industry will be given 

to support the development of a conceptual frame about water protection chemical process 

innovations in the third chapter. 

 

Chapter 3 provides the conceptual framework for examining the innovation behaviour 

of chemical firms and their establishments to reduce production-related waste water. We will 

deal with three incentives for firms to implement water protection process technologies in 

depth: reaction to environmental regulations, reputation gains, and reduction of input material. 

After that, we will analyse the reasons for firms to refrain from water protection process 

innovations. Here, we identified nine factors that impede either end-of-pipe or production-

integrated innovations or both. These factors include for example the missing impulses due to 

non-tightened standards, and the cost-efficiency of incumbent plants. 

 

Chapter 4 discusses the specific German legal approach to protect the environment. 

The discussion includes the German system of emission standards and emission charges. 

Furthermore, we will sketch the relationship between environmental regulations by the 

European Union and environmental regulations by the German government. 

 

Chapter 5 describes the applied methods to collect data about (i) Research and 

Experimental Development (R&D), (ii) innovation, and (iii) factors explaining the innovation 

behaviour with respect to water protection process technologies. The data were collected at 

the level of firms or their establishments. Both, waste water reducing process innovation and 
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the importance of explanatory factors were measured by means of questionnaires, whereas the 

extent of R&D activities was measured by means of patent applications. Furthermore, this 

chapter provides information about the selected sample of chemical firms and their 

establishments. As already set out, we focus on West German chemical firms. Finally, we 

discuss important issues concerning the applied research methods: the validity of the selected 

indicators, the response in postal surveys, and the size of the survey sample. 

 

Chapter 6 describes the extent of waste water reducing process innovations carried out 

by the selected firms and their establishments separately for end-of-pipe and production-

integrated technologies. Usua lly, these process innovations require internal R&D or external 

knowledge. Therefore, we investigate (i) the firms´ in-house R&D activities, (ii) the 

development activities of outside suppliers in the field of water protection processes, and (iii) 

illustrate co-operation projects between chemical establishments and outside suppliers that 

improved water quality technologically. The results are primarily based on the evaluation of 

patent applications, questionnaires, interviews, and environmental reports of chemical firms. 

 

Chapter 7 investigates the establishments´ reasons that were decisive for carrying out 

or refraining from water protection process innovations. The influences may differ with 

regard to the characteristics of the technologies and respondents. Therefore, we will give 

information separately for i) end-of-pipe and production-integrated technologies, and ii) 

establishments that participate in the voluntary self-commitment “Responsible Care” and non-

participating establishments. The results are based on the evaluation of interviews and 

questionnaires. 

 

Chapter 8 concludes this study and provides some policy implications.  
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2 The (German) chemical industry 

 

This chapter provides an overview of the (German) chemical industry with the chemical 

sector covering a wide range of products. It comprehends at one extreme bulk chemicals such 

as ethylene, chlorine, and salt, and on the other the speciality chemicals such as paints and 

dyes, special plastics and catalysts (Kostka and Hassan, 1997, p.6). In this study, 

pharmaceutical products will be subsumed under chemicals as well. 

 

We basically use three classification criteria to structure the wide range of chemical 

products. First, we distinguish organic and inorganic chemicals (Sharp, 1994, p.169). Here, 

chemicals are classified according to whether they are obtained from coal, oil, gas, vegetable 

or animal products (organic chemicals) or not (inorganic chemicals).  

 

Second, we use lines of business as criterion for the classification of the heterogeneous 

sector. We take up the classification system of the German Federal Statistical Office 

(Statistisches Bundesamt). It distinguishes seven lines of business: First: Bulk chemicals – 

organic and inorganic ones. They are manufactured in large quantities, often by large 

companies. Second: Paints, varnishes and coatings. Third: Detergents, cleaning material, 

cosmetics, and preservatives. Fourth: Synthetic fibres, primarily consisting of polyamide and 

polyester fibres. Fifth: Agrochemicals which contain fertiliser, veterinary preparations, 

insecticides, herbicides, fungicides, pesticides, and plant growth regulators. Sixth: 

Pharmaceuticals including basic pharmaceuticals and a large variety of drugs. And finally: 

Other chemicals consisting of e.g. glues and adhesives, specialities for photographic purposes, 

specialities for information and entertainment technology and explosive substances.  

 

Finally, chemical products can be classified with respect to the extent of output and 

the degree of differentiation (Schmidt, 1991, p.150). Usually four product groups will be 

constituted: Basic chemicals (high output, low degree of differentiation), fine chemicals (low 

output, low degree of differentiation), industrial chemicals (high output, high degree of 

differentiation), and speciality chemicals (low output, high degree of differentiation). 
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The structure of the second chapter is as follows. The first section depicts the continuing and 

widespread importance of the chemical industry in industrialised nations. The second and 

third sections describe chemical products and product markets as well as the market structures 

in the chemical sectors in more detail. In the fourth section we elucidate the establishment of 

the currently prevailing production methods in industrial chemistry. The final section 

describes the nature of process innovations in the chemical industry and thus supports to 

develop a conceptual frame about chemical process innovations in the third chapter. 

 

2.1 The continuing and widespread importance of the chemical industry 
 

2.1.1 Introductory note 
 

As already mentioned at the beginning of this study chemical products are the basis of every 

industrialised economy. It is thus not wondrous that the beginning of the Industrial Revolution 

in the eighteenth century in Great Britain with textiles would not have been possible to that 

extent without the developments of the chemical industry: The time and land consuming grass 

bleach of textiles was substituted by the sulphuric acid bleach. The latter was only possible 

because the production of sulphuric acid was economised by the lead chamber process (Brose, 

1998, p.51-57, Müller-Fürstenberger, 1995, p.153). 

 

Today polymer products and various other chemical substances and materials are 

intermediate inputs in several industrial sectors in Germany and elsewhere. In the following 

we will investigate the integration of the chemical sector in the economy using Germany as 

example. 

 

2.1.2 The economic integration of the chemical industry within the German industry 
 

In order to give an idea about the division of labour in the manufacturing of intermediate and 

final products and the supply of services we carry out a simple quantitative3 input-output 

analysis which is based on the input-output table for Germany in 1995 (Statistisches 

Bundesamt, 2000, pp.96-105). That table is the most actual one containing 59 sectors.  

                                                                 
3 There are also qualitative techniques to analyse economic structures and extensions of these techniques such as 
the minimum-flow analysis (Schnabl, 1991, pp.197-213). However, their calculation is costly. Because the 
integration of industrial sectors is a side issue in our study we refrain from using these techniques. 
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Here we take the input-output table including imports from foreign countries in order to 

analyse the importance of the chemical sector as a whole and not only of the German 

chemical sector for the manufacturing of products and the supply of services within the 

geographical borders of Germany. 

 

The input-output table shows that the sector requiring the highest absolute amount of 

intermediate products of the chemical sector is the chemical industry itself. The chemical 

industry is its own best customer (Statistisches Bundesamt, 2000, pp.96-105). But besides the 

chemical industry what other sectors do strongly depend on intermediate inputs from the 

chemical sector? And more generally, what importance has the chemical sector compared to 

all other sectors for the provision of inputs for the overall economy? In order to answer these 

questions we use the input coefficients (which are based on the input-output table for 1995). 

Input coefficients are defined as the relationship between the input of sector i (with i ranging 

from 1 to 59) and the value of production of sector j (with j ranging from 1 to 59). Hence, the 

input coefficient indicates how much input from sector i is required for producing one unit of 

value of sector j.  

 

In 1995, sectors with relatively high input coefficients with regard to the chemical 

sector are the following: rubber and plastics, chemicals themselves, textiles, leather products, 

paper and printing products, agricultural products and extraction of ore (see table 2.1). 

 

Table 2.1: Industrial sectors that require large amounts of input from the chemical 
sector in relation to their value of production 

 

Industrial sector Input coefficient (in %) 

Rubber and plastics 24.8 

Chemicals 23.1 

Textiles 16.0 

Leather products 8.8 

Paper and printing products 6.3 

Agricultural products 6.1 

Extraction of ore 6.0 

Source: Statistisches Bundesamt, 1997, pp.125-133 
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In order to analyse the importance of the chemical sector in comparison with all other sectors 

for the provision of inputs for the overall economy we take the unweighted mean of the 59 

single input coefficients with respect to the chemical sector (7 of 59 are depicted in table 2.1) 

and do the same for all other 58 sectors. Those means indicate how much input of sector i 

(with i ranging from 1 to 59) will be required for one unit of value of the overall economy 

(including 59 sectors). In 1995, the chemical sector had the largest mean within the 

manufactur ing sectors. The overall production of all 59 sectors required 2.1 percent of input 

from the chemical sector. That indicates its outstanding importance compared with the other 

manufacturing sectors (Statistisches Bundesamt, 2000, p.139). 

 

2.2 Chemical product families and business lines 
 

2.2.1 Chemical product families 
 

In order to describe chemical product families it is convenient to take up the distinction 

between organic and inorganic chemicals. 

 

Organic bulk chemicals such as acetylene, ethylene, propylene and a so called C4-

stream (containing butadiene, i-butane, i-butene, n-butane and 2-butene) constitute the basis 

for a large variety of intermediate products, such as methyl-tert-butyl-ether (MTBE) and 

polyvinyl chloride (PVC), and of chemical consumer goods, such as detergents, plastics, 

coatings and polyester fibres. Thus, the upstream sector of the chemical industry feeds the 

downstream sectors. Again, this elucidates that the chemical industry is its own best customer. 

Diagram 2.1 illustrate the production pathway from the mentioned basic organic products to a 

family of downstream products. Because the chemical industry has primarily used oil as the 

primary raw material for manufacturing basic organic materials after the First World War the 

whole range of organic products constitute what we call petrochemicals.  

 

In contrast, inorganic chemicals including substances such as salt and titanium dioxide 

do not constitute a product family (Sharp, 1994, p.175). First, they are not linked by a 

common raw material base. Second, also joint products will be rarely processed.  
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Diagram 2.1: The production pathway of petrochemicals 
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Source: OECD, 1979, xxvii, as quoted in: Cook and Sharp, 1991, p.202; Faber, Jöst and Müller-
Fürstenberger, 1994, p.16 
 

2.2.2 Business lines in the German chemical industry 
 

In order to depict the importance of individual business lines within the German chemical 

industry we use the data of the German Federal Statistical Office. There existed 1280 

chemical firms with more than 19 employees in Germany in 1998 (1127 are West German 

firms). About 80 percent (1033 firms) have only one establishment (Statistisches Bundesamt, 

1999, p.129-130). The lines of business of most chemical firms are bulk chemicals, 

pharmaceuticals, and paints, varnishes and coatings (see table 2.2). 
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Table 2.2: German chemical firms and lines of business in 1998 
 

Lines of business Number of chemical firms  

Bulk chemicals – organic and inorganic  274 

Pharmaceuticals 266 

Paints, varnishes and coatings 250 

Detergents, cleaning material, cosmetics etc. 201 

Synthetic fibres 33 

Agrochemicals 16 

Other chemicals 240 

Total 1280 

Source: Statistisches Bundesamt, 1999, pp.129-130 

 

2.3 Product markets and market structures in the chemical industry 
 

2.3.1 Product markets 

 

The heterogeneity of chemical products is mirrored by great differences of quantities 

produced, their prices, and types of competition. In order to sketch the characteristics of 

product markets in chemicals we apply the distinction between basic chemicals, industrial 

chemicals, and fine and speciality chemicals. Basic chemicals (organic and inorganic bulk 

chemicals) are manufactured in very large quantities for large markets. Price competition is 

strong and forces primarily process innovations. Prices and profit margins of basic chemicals 

are low. The same holds for advanced intermediate products (industrial chemicals) which are 

manufactured in large quantities such as polyethylene (PE), polyvinyl chloride (PVC) and 

polypropylene (PP) (Kostka and Hassan, 1997, p.6). In contrast, fine chemicals and speciality 

chemicals such as pharmaceuticals, cosmetic products, and products which are especially 

designed for individual customers are manufactured in relatively small quantities. Price 

competition is less important and the companies try to carve out monopoly niches by 

developing new products. Hence the commodity prices and profit margins are very high 

(Cook and Sharp, 1991, p.206). Table 2.3 illustrates the great differences in market volumes 

and prices for a sample of chemical products. 
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Table 2.3: Quantities (1994) and prices (Spring 1997) of chemicals  
 

Chemical Quantity (billions of lb) Price ($) pe r lb 

Sulphuric acid 89.20 0.038 

Ethylene 49.67 0.26 

Ammonia 38.35 0.12 

Propylene 37.93 0.19 

Chlorine 24.20 0.10 

Acetic acid 3.82 0.38 

Propylene oxide 3.70 0.64 

Aspirin no data 3.6 

Ibuprofin no data 11 

Insulin no data 100,000 

Source: Schmidt, 1998, pp.11-13 

 

2.3.2  Market structures in the German chemical industry 
 

The chemical industry in Germany and elsewhere has been fairly concentrated since the 

nineteenth century (Ziegler, 1999, p.240). In the second half of the nineteenth century new 

giant firms such as BASF and Bayer emerged and still exist today (Freeman and Soete, 1997, 

p.85). The predominance of large chemical firms may be explained by economies of scale 

(unit costs decrease with scale) in innovation and production. The realisation of economies of 

scale in both innovation and production is important for a firm to be competitive in the 

chemical sector. Economies of scale in innovation arise, for instance, via positive spillovers 

between different R&D projects within the firm. Economies of scale in production arise 

because an increase in capacity results in an increase of capital costs by only about half as 

much due to the fact that the equipment of chemical plants primarily consists of pipes and 

cylinders.  

 

Table 2.4 illustrates the concentration of the German chemical industry in 1996. The 

100 largest firms (measured by turnover) account for more than 70 percent of the turnover of 

the whole industry (absolute concentration). Or to put it in another way, only 7.9 percent of 

the chemical companies account for more than 70 percent of the turnover of the whole 
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industry (relative concentration). With regard to investments the business concentration is at 

about the same.  

 

Table 2.4: Business concentration of the German chemical industry in 1996 measured 
by turnover 

 

The ... largest firms 

(measured by turn-

over) 

Proportion of firms 

(%) 

 

Proportion 

of turnover (%) 

Proportion 

of investments (%) 

6 0.5 32.1 31.8 

10 0.8 38.5 34.1 

25 2.0 52.2 49.9 

50 3.9 62.6 66.9 

100 7.9 73.7 76.7 

Source: Statistisches Bundesamt, 1998, p.28 

 

In order to provide single measures for the relative concentration we use the Gini-coefficient 

and the Herfindahl-Hirschman-coefficient (Schaich, 1995, pp. 48-76). The former is the 

mostly used coefficient to measure concent ration. The latter plays an important role for 

measuring business concentration.  

 

The Gini-coefficient was 0.83 in 1996 which indicates a fairly high relative 

concentration (see table 2.5). Within the chemical industry the relative concentration varied in 

1996. The Gini-coefficient indicates above-average concentration in bulk chemicals, and 

below-average concentration in paints, varnishes and coatings, other chemicals, and synthetic 

fibres. The Herfindahl-Hirschman-coefficient indicates particular high concentration in 

synthetic fibres and agrochemicals where the absolute number of firms is very small (see table 

2.2 and table 2.5). 
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Table 2.5: Business concentration of the German chemical industry in 1996 measured 
by the Gini-coefficient and Herfindahl-Hirschman-coefficient 

 

Lines of business Gini-coefficient* Herfindahl-Hirschman-

coefficient** 

Bulk chemicals 0.87 91.18 

Detergents, cosmetics, etc. 0.83 98.72 

Other chemicals 0.73 50.63 

Synthetic fibres 0.70 131.43 

Paints, varnishes and coatings 0.68 24.69 

Agrochemicals - 438.75 

Pharmaceuticals - 25.78 

Total 0.83 25.44 

* The possible range of the Gini-coefficient is between 0 (no relative concentration) and 0.99 (extreme 
relative concentration) for the German chemical industry in 1996. 
** The possible range of the Herfindahl-Hirschman-coefficient is between 0.79 (no relative 
concentration) and 1000 (extreme relative concentration) for the German chemical industry in 1996. 
 
Source: Statistisches Bundesamt, 1998, p.63, own calculation of the ranges of relative concentration 
 

2.4 The establishment of the currently prevailing production methods in industrial 

chemistry 
 

2.4.1 Introductory note 
 

Since the second half of the nineteenth century German chemical firms have played an 

important role in the world chemical industry. For instance, in 1900 German chemical firms 

accounted for about four-fifths of world dyestuffs production and for more than 15,000 

patented dyestuff materials (Freeman and Soete, 1997, p.90; Müller-Fürstenberger, 1995, 

p.242). Because German chemical firms have had a leading position in industrial chemistry it 

is convenient to concentrate the historical overview on the German chemical industry. 

 

2.4.2 Establishment of chemical syntheses in the German chemical industry 
 

Chemical syntheses have established as the dominating technological pathway of producing 

substances and materials in the chemical industry. Here, the dyestuffs industry with its major 

representatives BASF (Badische Anilin und Soda Fabrik), Bayer and Hoechst favoured 
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chemical syntheses at a very early stage. Pharmaceutical companies firstly favoured 

alternative methods such as extracting and biotechnological processes to produce substances. 

The widespread use of chemical syntheses did not take place until the second half of the 20th 

century in this part of the chemical industry (Marschall, 1998, p.148). The establishment of 

chemical syntheses at the expense of alternative production methods took place in different 

periods. 

 

The first period starts with the emergence of science-related chemical syntheses in the 

late nineteenth century (Freeman and Soete, 1997, p.85) and finishes with the end of the First 

World War. Chemical syntheses are science-related in the sense that their development 

requires the application of theoretical principles (Freeman and Soete, 1997, p.198-199). In the 

first period chemical syntheses and biotechnological production processes co-existed. 

Biotechnological processes were used to manufacture large amounts of basic chemicals such 

as lactic acid and acetic acid (Marschall, 1998, pp. 152-154). Their production was 

economised by the supply of the inexpensive agricultural feedstock from the eastern part of 

Germany. Furthermore biotechnological processes were applied by small and medium sized 

enterprises (SMEs) to produce pharmaceuticals: these firms traditionally used empirical 

methods to manufacture chemical substances and drugs. The production was unpredictable in 

the sense that it was done without knowing the chemical structure of the final products. The 

biotechnological process technology of the first generation fitted well to that method of 

manufacturing, because it also required experience with the seemingly unpredictable 

behaviour of microorganisms. Furthermore biotechnology of that generation did not require 

expensive production equipment which exceeded the investment capacity of SMEs 

(Marschall, 1999, p.5). 

 

The second period contains the years of the Weimar Republic (1918-1933). Many of 

the biotechnological processes which had been introduced earlier were abandoned due to 

losses in competitiveness. There are two major reasons for loss of cost efficiency in industrial 

biotechnology: First, the First World War caused a significant reduction of agricultural 

output. And second, after the First World War the redefinition of the geographical borders in 

Europe was accompanied by the loss of large areas of cultivable land in the eastern part of the 

former Deutsches Reich. Hence the feedstock for biotechnological production was scarce and 
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expensive (Marschall, 1999, p.6). Second, the coal-based German dyestuffs industry with its 

major representatives BASF, Bayer and Hoechst carried out successful innovations in 

chemical syntheses (Müller-Fürstenberger, 1995, pp. 223-244). Among others, these 

innovations enabled the manufacturing of mass chemicals like methanol, ethanol and lactic 

acid by chemical syntheses. Here BASF, Bayer, Hoechst and the German chemical industry 

used its strong chemical engineering capacity: the knowledge gained by the development of 

the Haber-Bosch process for synthetic nitrogenous fertilisers in 1908 gave the German 

chemical industry a strong position in the development and operation of high pressure and 

catalytic engineering (Freeman and Soete, 1998, p.91). 

 

The third period contains the time span of the Third Reich (1933-1945). Within that 

period the technological pathway of chemical syntheses was stabilised. Development 

activities aimed at the manufacturing of raw materials by chemical syntheses based on brown 

coal (Marschall, 1999, p.8). Background was the large stock of brown coal in Germany 

compared to a lack of raw materials like oil. Biotechnological processes were primarily 

applied in technological niches, where chemical syntheses reached its technological limits. 

The manufacturing of specific drugs remained a relevant area of biotechnological 

applications. 

 

In the period from 1945 until the 1970s the chemical industry switched from coal 

based chemistry to oil based chemistry (petrochemicals). The predominance of the chemical 

syntheses was extended and also pharmaceutical companies partially left biotechnology in 

favour of the continuously developed methods of chemical syntheses (Marschall, 1999, p.9). 

The ongoing reduction in the application of biotechnology after the First World War mirrored 

the comparatively slow progress in fundamental research. Research in microbiology and 

fermentation was not on the agenda of the science community, and the inventions of 

microbiologists and enzyme chemists were overshadowed by progress in synthetic chemistry: 

biotechnology never realised the potential of synthetic chemistry (Marschall, 1998, p.150-

151). 

 

Since the 1970s biotechnology has experienced a revival in industrial chemistry. The 

increased interest in biotechnological processes may be caused by the following factors: First, 
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the two oil crises in 1973 and 1982  stressed the finite nature of the feedstock of 

petrochemical syntheses (Marschall, 1999, p.10). Second, since the early 1970s the “modern 

generation” of biotechnology (using recombinant DNA) has offered increasing possibilities 

for different applications in, for instance, pharmaceuticals, agriculture and waste management 

(Sharp and Cook, 1993, p.221). 

 

2.5  The nature of process innovations in the chemical industry 
 

As already ment ioned in the previous section chemical process innovations usually require 

science-related R&D. This section extends the description of science-related chemistry and 

the division of innovative labour involved. Again, we concentrate on German chemical firms. 

They were “among the first in the world that organised their own professional R&D 

laboratories” (Freeman and Soete, 1997, p.89).  

 

2.5.1  Science-related process innovations: examples from German chemical firms  
 

Patents of the chemical industry are the most frequent that cite scientific journals, illustrating 

that in particular industrial chemistry applies theoretical principles to develop new substances 

and materials and the corresponding production processes (Pavitt, 1999, p.6). Hence, 

technological activities in the chemical sector are science-related. Although, chemical firms 

carry out basic and applied research their dominating business is the development and testing 

of substances and related production systems. With regard to the latter, the task of chemical 

engineering or technical service departments is the scaling up of findings of laboratory 

research in order to develop production processes that are supposed to operate safely and 

efficiently. Engineering activities include tasks such as the selection of catalysts and solvents 

for chemical syntheses, working out of reaction conditions (e.g. pressure and temperature) 

and development of equipment in which the chemical processes are carried out. Although 

chemical engineering is science-related it requires expensive and time-consuming 

construction and testing of pilot plants, because “scientific knowledge of the probable 

behaviour of liquids and gases is still not sufficiently precise to be able to predict with 

complete assurance the effects of scaling up” (Freeman and Soete, 1997, p.102).  
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The Haber-Bosch process as a significant process innovation is a good illustration of 

interaction between basic research and a strong chemical engineering capacity (see Box 2.1). 

 

 

Box 2.1: The Haber-Bosch process 

 

An important inducement mechanism for the development of synthetic nitrogenous fertilisers at the 

turn of the century was increasing population in Europe, requiring increasing productivity in 

agriculture. Engineers at BASF had experimented with various processes and built up a pilot plant 

using the Birkland/Eyde process in 1907. But they did not succeed. The Birkland/Eyde process   

turned out to be uneconomic. However, in 1908 Fritz Haber at Karlsruhe Technische Hochschule 

found a way to synthesise ammonia, being the basic resource for the production of nitrogenous 

fertilisers. However, the findings of laboratory research had still to be scaled-up. The corresponding 

engineering process had been constructed in co-operation with Carl Bosch´s development group at 

BASF. Five years later commercial production of ammonia could be launched after developing the 

necessary pressure vessels and compressors. The Haber-Bosch process was protected by more than 

200 patents that included equipment, temperature and pressure. In contrast, information about the 

catalyst were kept secret. 

 

Source: Arora, 1997, p. 394; Freeman and Soete, 1998, p.91; Müller-Fürstenberger, 1995, pp.218-220 

 

The Haber-Bosch process innovation elucidates four important characteristics of industrial 

chemistry: First, the development of technologies in the chemical industry is science-related. 

Second, science-related and complex process development accentuates the importance of the 

specialised R&D or engineering group (Freeman and Soete, 1997, p.16). Third, patents and 

secrecy are the most important means of capturing and protecting the competitive advantage 

of new or significantly improved substances and related production processes of chemical 

firms. Finally, successful technological development requir es a strong knowledge 

infrastructure and the capability of chemical companies to absorb the available knowledge. 
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2.5.2  The division of labour in process innovations: examples from Germany 
 

As briefly depicted, development and implementation of process technology are no isolated 

activities in the chemical industry but take place within a system of institutions such as e.g. 

public research departments carrying out basic or more applied research. Or, to put it 

differently, there is a division of labour in technological activities. As already elucidated by 

Adam Smith, specialisation of labour in the production of knowledge increases the efficiency 

of discovery, invention and innovation due to learning effects. In particular, two external 

knowledge channels are of utmost importance for process innovations in the chemical 

industry: public research departments and specialised engineering firms. 

 

2.5.2.1 Public-sector research 
 

As already mentioned, it was the dyestuffs industry that firstly put process development on a 

more professional basis at the end of the nineteenth century. The dyestuffs industry is an 

example par excellence for the emergence of a science-related industry (Marschall, 1998, 

p.148). Institutionally this new pattern of process development is mirrored by a functional 

division of labour: major chemical companies established specialised departments to carry out 

R&D in-house (Freeman and Soete, 1997, p.89). In this context the value of government 

laboratories, independent contract research institutes and universities was twofold. In 

particular, universities gave training to future industrial researchers. Furthermore, these 

institutions provided a rich, formal and informal network of contacts including former 

teachers and professional colleagues that could be called upon to solve technological 

problems. The already mentioned Haber-Bosch process and a process manufacturing 

synthetic indigo are significant examples for the division of innovative labour in the chemical 

industry (see Box 2.2). Scientists at research institutions play an important role in invention. 

In contrast, the scaling up of the findings of laboratory research, i.e. the experimental process 

development and implementation stage is dominated by chemical firms because it often 

requires costly apparatus and the running of pilot plants (Rosenberg, 1994, p.202). 
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Box 2.2: The development of synthetic fertilisers and synthetic indigo 

 

The production of synthetic nitrogenous fertilisers has first been economically successful since the 

development of the Haber-Bosch process in 1913. While Fritz Haber at Karlsruhe Technische 

Hochschule found a way to synthesise ammonia, the construction of the corresponding process was 

developed in co-operation with Carl Bosch´s engineering group at BASF. 

 

Natural indigo dyes had to be imported from India. They were one of the most important export goods 

in India in the nineteenth century. High demand led to high profits which, in turn, constituted 

incentives for (German) chemical firms to produce indigo synthetically. In 1880 Professor Baeyer 

from Munich University discovered synthetic production of indigo on a laboratory scale. BASF tried 

to economise synthetic production of indigo but was unsuccessful by using that kind of synthesis. Two 

further syntheses discovered by Professor Baeyer and by Professor Heumann turned out to be 

uneconomic, too. However, the 20 years of research with development costs of about DM 20 millions 

came to a successful end because of an accident: During an experiment carried out at the BASF 

laboratory a thermometer broke and mercury flowed into the reactor vessel. Thus, an ideal catalyst for 

the commercial production of synthetic indigo was discovered. 

 

Source: Freeman and Soete, 1997, p.90-91; Müller-Fürstenberger, 1995, p.238-239 

 

2.5.2.2 Specialised engineering firms  
 

Previous discussion has elucidated that, usually, large chemical companies predominate new 

process development. They have the personnel and sales that are sufficiently large to cover the 

complex and costly scale-up process (Freeman and Soete, 1997, p.100). In contrast, 

engineering and construction work is often acquired from specialised outside suppliers. 

Especially after the Second World War, this new market for engineering and construction 

services has emerged and the majority of chemical plants erected were constructed and built 

up by specialised technology suppliers (Freeman and Soete, 1997, p.100). Additionally, some 

large technology suppliers such as Scientific Design, Linde or Lurgi employ R&D staff to 

develop their own new processes (Freeman and Soete, 1997, p.102). For instance, Linde´s 

process engineering and contracting division with its own R&D department has built nearly 
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3500 industrial plants and applied over 1,500 patents up to now (online in internet: 

http://www.linde.de/linde-anlagenbau/english/ueberuns/ueberuns.htm/).  

 

In sum, the rise of a market for engineering, construction and (to a lesser extent) 

development services has increased the opportunities for chemical firms to procure 

knowledge externa lly since the Second World War. 

 

This chapter can be summarised as follows. The chemical industry is a fairly 

concentrated and heterogeneous industry that includes a wide range of products such as 

sulphuric acid, ethylene, artificial fibres, paints and pharmaceuticals. Basic materials and 

intermediate products of chemical firms from the basis for other chemical and non-chemical 

firms to produce final goods. In manufacturing these chemical substances, syntheses have 

been established as dominating technological pathway at the expense of physical and 

biotechnological processes. However, biotechnological processes have experienced a revival 

since the 1970s for a number of reasons including oil crises and improved performance of the 

modern generation biotechnology. Developing chemical processes is complex and costly. It 

requires professional R&D laboratories with highly skilled staff which is able to develop 

these processes in-house and to mobilise and organise specialised knowledge existing in 

various research institutions and specialised technology suppliers. 
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3 Process innovations to reduce industrial waste water:  

the conceptual frame 

 

In order to organise and understand the data for the empirical investigation of waste water 

reducing process innovations of chemical companies this chapter provides a corresponding 

conceptual framework. In building such a conceptual framework it is convenient to regard 

waste water reducing process innovations first of all as chemical production process 

innovations, although waste water reducing process innovations obviously have a specific 

focus. In doing so, we can apply the ideas of conventional models of process innovation as 

starting points for our conceptual framework. Section 2.1 uses the ideas of Kline and 

Rosenberg (1986) and Grupp (1998) to describe the innovation stages of waste water reducing 

process innovations because their models account for science-related process innovations 

which are common in the chemical industry (see second chapter). The fact that chemical 

process innovations are science-related is mirrored, for instance, by R&D departments of 

chemical firms which encompass several hundreds of chemical scientists and engineers (see 

e.g. Bayer, BASF and Aventis Pharma). The models of Kline and Rosenberg (1986) and 

Grupp (1998) shed a first light on the factors influencing successful process innovations. We 

extend the authors´ approaches by selecting further influences. The influences will be roughly 

divided into incentives (section 2.2) and impediments (section 2.3) to water benign process 

innovations.  

 

3.1 Basics of the conceptual frame 
 

3.1.1 Stages of process innovation 
 

As already mentioned, water protection process innovation means the implementation of 

waste water reducing process technologies which are new or improved from the viewpoint of 

the firms´ establishments. Existing knowledge may be sufficient for these innovations. 

However, environmental problems that are yet unsolved may require new discoveries. These 

new ideas may be the outcome of laboratory research. The laboratory findings have then to be 

scaled up for industrial purposes: Appropriate equipment has to be developed. Plans 

specifying technical and operational features which are necessary for the introduction of new 

production processes have to be made. And apart from questions of technical feasibility, 
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questions of costs and compliance with governmental standards have to be considered. The 

questions of costs and pricing can not be underestimated. For instance, Baeyer at Munich 

University successfully produced synthetic indigo on a laboratory scale already in 1880. 

However, development work at BASF showed that its cost of production exceeded the price 

of natural dye. Hence, Baeyer´s process in manufacturing synthetic indigo – even if 

technically feasible - was not competitive (see box 2.2).  

 

Making of new discoveries, the preparation of these discoveries for production, and 

the implementation of new processes represent some idealised innovation stages of the 

innovation process that are not carried out sequentially (see diagram 3.1). To the contrary, 

introducing an idea about a water benign process into the production fabric is a time 

consuming and somewhat disorderly process with several feedback loops. Again, the 

synthesis of indigo illustrates this. After his first economic failure, Baeyer discovered a new 

synthesis to produce indigo. But again, development work showed that the synthesis was not 

competitive. Heumann at Zurich Polytechnic developed another synthesis that was technically 

feasible but not competitive, too. Not until 1897 a chemical process to manufacture synthetic 

indigo cost-efficiently was discovered at BASF (Freeman and Soete, 1997, p.90). 

 

Synthesis of indigo also illustrates that firms and their establishments make use of 

internal and external Research and Experimental Development (R&D) when problems arise 

during the innovation process. Thus, R&D can be regarded as a problem-solving activity. And 

in turn, the findings of the innovation process extend the existing stock of knowledge and 

increase the capability of R&D to solve future problems, i.e. there is a functional interplay 

between the innovation process with its different innovation stages and R&D. 

 

With regard to the motives of research, fundamental research, applied research, and 

experimental development can be distinguished (Grupp, 1998, pp.11-12). The flow of 

knowledge which results from fundamental research has a general character. It includes work 

to acquire new knowledge about the basic origin of phenomena. Applied research also refers 

to original investigations in order to gain new knowledge. But it aims to solve practical 

problems. Experimental development is directed towards the improvement and manufacturing 

of equipment, material, products and processes and ends with the acceptance of a prototype, 
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for example a chemical pilot plant, containing all technical characteristics of the new water 

benign process. 

 

Diagram 3.1: Stages of process innovation 
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Source: The diagram adapts Grupp, 1998, p.19 

 

Experimental development is the type of R&D in which firms place most of their resources. 

Two important examples of the successful marriage between basic research (carried out at 

universities) and industrial experiments (carried out at BASF) are the “contact” process for 

producing sulphuric acid and the Haber-Bosch process for manufacturing synthetic 

nitrogenous fertilisers (see section 2.5). The former process innovation was based on work by 

Wilhelm Ostwald at Leipzig in the field of physical chemistry while the latter process 

innovation relied on work of Fritz Haber at Karlsruhe Technische Hochschule (see box 2.2). 
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3.1.2 Why firms innovate and why firms refrain from innovating: an overview 
 

The scheme of process innovation stages has also shed a first light on factors influencing 

successful waste water reducing process innovations: compliance with governmental 

standards, internal resources such as skilled employees, and the knowledge stock existing 

outside of the innovating firm. But, of course, there are various other factors that may 

influence the introduction of water benign process technology that is new or improved to the 

firm´s establishment (see for instance Freeman, 1984; Hemmelskamp, 1997; Kemp 1997, 

1998; and Kemp, Smith, and Becher, 2000; Yakowitz, 1997). Therefore, we extend the model 

and select relevant influences of waste water reducing process innovations by exploiting 

existing literature and by interviews with representatives of chemical firms. While some of 

these factors refer to process innovations in general, other factors are specific to process 

technologies that modify waste water after it has already emerged (end-of-pipe technologies) 

and process technologies that reduce waste water at source or re-use valuable material that 

otherwise pollutes water (production- integrated technologies). 

 

To begin with, there are at least three reasons for firms and their establishments to carry out 

water protection process innovations (see also diagram 3.2): 

 

• reaction to different types of environmental regulation by the government and public 

authorities such as emission charges and emission standards; 

• reputation gains vis-à-vis different stakeholders, with stakeholders being individuals or 

groups who can affect or are affected by the firm´s activity; 

• the opportunity to reduce production costs by recovery of valuable material in effluent 

polluting streams. 
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Diagram 3.2: Factors influencing water protection process innovations  
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Source: Compilation of the author 

 

However, successful water benign process innovation is nothing that can be simply called 

upon. There is a host of reasons for firms and their establishments to refrain from (furthe r) 

end-of-pipe or integrated innovations that reduce water pollution: 

 

• no need to innovate because emission standards are met due to earlier innovations; 

• pay-back period of innovation is too long; 

• focus on the establishments´ core business; 
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• limited knowledge resources: lack of skilled personnel; lack of technology suppliers; and 

lack of opportunities for co-operation. 

 

Additionally we identified the following reasons for firms and their establishments to refrain 

from either end-of-pipe or integrated innovations: 

 

• no need to carry out integrated innovations because the production plants are already cost-

efficient due to earlier innovations; 

• integrated technologies take a long time to implement and do not eliminate the need for 

end-of-pipe technologies 

• implementation of integrated technologies at the expense of end-of-pipe technologies. 

 

So far, we have sketched the basic conceptual framework. In the following sections we will 

analyse the single influences at a detailed level. In doing so, we assume that the single 

influences are not correlated. This assumption will be removed where, from our point of view, 

there is a significant correlation between factors. 

 

3.2 The firms´ reasons for carrying out water protection process innovations  
 

As already mentioned, we distinguish three basic reasons for firms to carry out water benign 

process innovations: i) reaction to environmental regulation by the government and public 

authorities, ii) reputation gains, and iii) the opportunity to reduce production costs by the use 

of a new or improved process.  

 

All incentives are derived under the assumption of profit maximising firms. How 

realistic is the assumption of profit maximising firms? We believe that profit maximisation is 

a good approximation of firm behaviour for reasons including management incentive 

contracts, product market discipline, and capital market discipline (Cabral, 2000, pp.35-40). 

Management incentive contracts which consist of a combination of fixed wage and profit-

contingent compensation give incentives fo r the managers to orientate their decisions on 

profits. Furthermore, when product market competition is intense, firms may go out of 

business if they do not seek to minimise costs, respectively maximise profits. Finally, 
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deviation of firm behaviour from profit maximisation may not be too large because of the 

capital market discipline via mergers and acquisitions. If the (shareholder) value of a firm is 

lower than its potential value because the firm´s management does not maximise profits, then 

a raider could make capital gains by acquiring the firm and changing firm behaviour towards 

profit maximisation. It is noteworthy, that already the threat of take-overs may be sufficient 

enough in order to stimulate the firm´s orientation towards profit maximisation4.  

 

We will now discuss the three basic reasons for firms to carry out process innovations 

which reduce industrial water pollution. 

 

3.2.1 Environmental regulations: standards and charges 
 

In a market economy the price mechanism is the predominant means of co-ordinating the 

activities of agents. However, in case of a natural resource such as water for instance, agents 

do not have to pay a price for the harm they cause to other agents by polluting water. These 

harmful activities escape the price mechanism and are thus called “externalities”. These 

externalities may be due to lack of individual property rights and jointness in production 

(Acocella, 1998, pp.96-7). Because of these externalities, the level of effluent waste is too 

high, i.e. it exceeds the optimal level of pollution. Diagram 3.3 which constitutes the basis for 

our technical analysis of the innovation-regulation relationship illustrates this5: The industry-

wide MCC (marginal control cost) curve represents direct monetary expenditures by firms to 

control each additional unit of pollution. Marginal control costs are assumed to increase at an 

increasing rate. With regard to waste water the underlying intuition of this assumption is the 

following (see also box 3.1 for empirical data): A certain level of water pollution control 

could be reached through a primary treatment plant which screens out solid wastes. For 

stricter pollution control additional costs for implementing secondary and tertiary treatment 

plants arise (Hussen, 2000, p.203). The MDC (marginal damage cost) curve represents 

environmental damage in monetary terms which results from each additional unit of 

                                                                 
4 It is stressed that the predominant economic system including, for instance, the idea of the shareholder value 
hinders the realisation of long-term objectives such as a more environmentally friendly development (Majer, 
2001, p.128). 
5 The reader should have in mind that the approach depicted by diagram 3.3 (which is the approach applied in 
mainstream economics) assumes a certain level of technology, a certain level of income, a certain attidute 
towards environmental issues, and stresses the clean-up of a predetermined level of waste rather than pollution 
prevention (Hussen, 2000, p.216). 
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emissions 6. Or, to put it differently, the MDC curve represents what the society is willing to 

pay to avoid environmental damage at the margin. The willingness to pay is assumed to 

decline with higher levels of pollution control (law of demand). We assume a benchmark 

level of Em  units of effluent waste that needs to be reduced. If all units are cleaned up the 

willingness to pay an additional reduction of pollution is zero. 

 

Diagram 3.3: The optimal level of water pollution 
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Source: The diagram adapts Hussen, 2000, p.210 

 

 

 

 

                                                                 
6 Methods to compute marginal damage functions are for example the preventive expenditure approach, the 
averting or mitigating approach, the travel-cost method, and expressed preference methods, where individuals 
will be asked explicitly how much they value an environmental good (Garrod and Willis, 1999, pp.3-11; Endres 
and Holm-Müller, 1998, pp.32-127). Examples for the application of different methods to value water quality 
changes are Adamowicz, Louviere and Williams (1994), Bouwes and Schneider (1979), and Smith, Desvouges 
and Fisher (1986). In principal, it is very difficult to calculate environmental damages and results (extremely) 
vary with used methods (see Smith, Desvouges and Fisher, 1986, p.287). With regard to pollution produced by 
the chemical industry estimation of pollution damage costs becomes even more complicated because pollutants 
emitted by chemical firms (such as toxic metals and inorganic compounds such as some pesticides) persist in the 
environment for several generations (Hussen, 2000, p.206). Thus, there is a risk that the estimate of the MDC 
curve understates welfare losses of future generations. 
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Box 3.1: Costs of end-of-pipe treatment of pollution 

 

Experts at Bayer AG argue that abatement costs using end-of-pipe technologies increase exponentially 

with the reduction of emissions. The following data does not aim to underpin the mentioned 

relationship  between abatement costs and emission reduction. It just illustrates a certain aspect of 

empirical reality about a firm´s abatement costs: 

 

At Bayer AG operating costs of ongoing reduction of emissions into air, soil and water by end-of-pipe 

technologies had been increasing at an increasing rate in the period from 1970 to 1990. In 1990  

operating costs for end-of-pipe treatment of pollution were about 2.8 times as high as in 1980 and 

about 9.5 times as high as in 1970. Since 1990 the yearly operating costs of about DM 1.4 billions 

have been nearly constant. About 40% of the operating costs refer to end-of-pipe technology that 

reduces water pollution.  

 

Note: the numbers do not account for the rate of inflation. However the differences are negligible. 

Source: Bayer, 1991, p.37; Bayer, 1999, appendix; Hulpke and Müller-Eisen, 1997, p.44 
VCI, 1999, p.16 
 

The socially optimal level of water pollution control (E*) is where the MCC curve intersects 

the MDC curve 7. Here, the sum of total pollution control costs and total pollution damage 

costs is minimal. For some persistent pollutants the capacity of the environment to degrade 

waste is very low. Here, a level of zero pollution may be socially optimal because at any level 

of pollution marginal damage costs exceed the marginal control costs (see diagram 3.4). An 

example is the ban of the chemical product DDT (Hussen, 2000, p.215). 

 

 

                                                                 
7 It is argued that the optimal pollution level is too high, for instance, because there is a risk that estimating the 
MDC curve understates the welfare losses of future generations (Hussen, 2000, 216). 
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Diagram 3.4: The optimal level of water pollution is zero 
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Source: The diagram adapts Hussen, 2000, p.215 

 

Because damage costs are externalities to firms while pollution control costs are not, firms 

tend to ignore damage costs and to reduce control costs by realising a pollution control level 

which is closer to E m  or at least lower than the optimal level E*. In order to remedy 

externalities (and thus increase the firms´ pollution control activities) many governments and 

public authorities implemented specific rules. Mainly since the 1980s incentives of different 

environmental regulations by control agencies on environmental process innovations have 

been analysed. In the following we will present some seminal papers. Since the different 

approaches do not conform to a unified model we will present the various models separately. 

Since public authorities in Germany regulate water pollution mainly by emission standards 

and charges for emissions into water it is convenient to concentrate the assessment of the 

innovation incentives on two types of regulation8: emission standards and charges.  

                                                                 
8 Majer (2001) stresses the limits of these hierarchic top-down regulations for influencing the behaviour of the 
“economic man”. In order to make progress with a sustainable development the promotion of collective actions 
and personal responsibility by, for instance, sanctions such as the label “Blue Angel” (see section 3.2.2.4 in this 
study) are proposed.  
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The theory-based discussion of the innovation-regulation relationship is very important 

because the innovation impulses of emission standards and emission charges are difficult to 

disentangle empirically in Germany. Therefore, the evaluation of regulations and the 

corresponding policy recommendations will still be based on both empirical results and 

theoretical analysis in this study. 

 

3.2.1.1 Innovation impulses of standards and charges when the discovery is specific to 

the inventor and can not be transferred to other firms  
 

The model of Downing and White (1986)9 assumes N identical firms, except that only one 

firm discovers and implements an environmentally safe process which is specific to the firm 

and can not be transferred to the N-1 remaining firms. All polluting firms are price takers. 

They try to maximise profits by minimising costs. The firm carries out the environmental 

benign innovation if the present discounted value of expected cost reductions exceeds initial 

investment costs of X Euro. The marginal cost curve of controlling emissions at the firm level 

(mcc) is assumed to be upward sloping at an increasing rate. The marginal pollution control 

cost curve represents the present value of all costs over the planning period, except the 

investment costs (Dowing and White, 1986, p.19)10. The marginal damage costs increase 

progressively as the amount of pollution emitted increases (mdc). At the firm level the 

optimal level of pollution control is e* (= E*/N) (see diagram 3.5). The government is able to 

realise the optimal level of pollution control via an emission standard of e* or a charge of C* 

per emission unit. The firm´s process innovation in pollution control is modelled as a 

downward shift in the marginal cost curve of emission reduction (mcc´). Because the firm is 

just one among a large number of polluters E* (and thus e*) remains a good approximation of 

the optimal level of pollution control also after the technological innovation has occurred.  

                                                                 
9 The construct of ideas applied in the model of Downing and White (1986) is now used in several basic and 
advanced textbooks on environmental economics to compare the innovation incentives of charges and standards. 
See for example Endres (2000) and Xepapadeas (1997). 
10 Charges and standards cause costs to polluting  firms (e.g. abatement equipment expenses). Increasing costs in 
turn may lead to a reduction of both production and emissions which would shift the marginal cost curve of 
controlling emissions to the right. By assuming that mcc represents the present value of all costs over the 
planning period, except investment costs, Dowing and White (1986) – by definition - avoid the difficulty of 
shifts of mcc when analysing innovation incentives of charges and standards. 
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The authors conclude that emission charges provide stronger innovation incentives than 

emission standards. Why? In the case of emission standards the polluting firm has no 

incentive to reduce emissions below the level that is legally allowed because it gets no extra 

gains. Hence, the process innovation would only reduce costs of meeting the actual emission 

standard by e m ca; whereas in the case of emission charges the firm has an incentive to reduce 

emissions via process innovations below the actual level in order to reduce charge payments. 

The cost-minimising firm increases pollution control activity to the level e´ where the 

marginal control costs after process innovation are equal to the charge C*. Again, the process 

innovation would reduce the costs of meeting the actual level of pollution control (e m ca). 

Additionally the firm saves charge payments of ae*e´f, less the extra control costs of ce*e´f 

under a regime of emission charges. Thus, the net gains from process innovation are e m fa. 

They exceed the gains from process innovation under a regime of emission standards by an 

amount of acf. Hence, a regime of emission charges provides stronger incentives for process 

innovations than a regime of emission standards. For instance, the firm will carry out the 

environmental bengin innovation under a regime of charges but refraims from innovation 

under a regime of standards if e m ca < X < e m fa. 

 

Diagram 3.5: Marginal cost and benefits from reduction of effluent waste 
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Source: Downing and White, 1986, p.20 (symbols are modified) 
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3.2.1.2 Innovation impulses of standards and charges when we account for bargaining 

between firms and regulator, control agency response, licensed discoveries as 

well as outside suppliers  
 

The model of Milliman and Prince (1989) incorporates some additional aspects which are 

important to describe the innovation process of firms in real world, namely the bargaining 

behaviour between firms and regulator, technology supply by specialised firms, control 

agency response, and discoveries that will be patented and sold to other firms by licences. In 

particular the last two conditions are idiosyncratic characteristics of the chemical industry 

(Ashish, 1997, pp.391-403). Like Downing and White (1986), Milliman and Prince (1989) 

assume N identical cost minimising firms with the incentive for process innovation being 

equal to the promised cost reductions resulting from the environmental benign process 

innovation. Again, all N firms are price takers. The marginal costs of controlling emissions 

(mcc at the firm level; MCC at the industry level) are assumed to increase at an increasing 

rate (see diagram 3.6). The marginal costs of controlling emissions (MCC) represent “all 

incremental costs associated with emission reduction; abatement equipment expenses, costs 

associated with changes in production processes and /or inputs, and any losses borne by firms 

and consumers due to output modifications” (Milliman and Prince, 1989, p.248)11. The 

marginal damage costs increases progressively as the amount of pollution emitted increases 

(mdc at the firm level; MDC at the industry level). Again, a firm´s process innovation means 

a downward shift of the marginal cost curve of emission reduction (mcc´). Milliman and 

Prince (1989) distinguish different framework conditions. We discuss those which are the 

most interesting for our purposes. 

                                                                 
11 Again, charges and standards may lead to a reduction of both output and emissions which would shift the 
marginal cost curve of controlling emissions to the right. By assuming that MCC represents any losses borne by 
firms and consumers due to output modifications, Milliman and Prince (1989) – by definition - avoid the 
difficulty of shifts of MCC when analysing innovation incentives of charges and standards. 
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Diagram 3.6: Marginal costs and benefits from reduction of effluent waste at the level 

of the individual firm and the entire industry 
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Source: Milliman and Prince, 1989, p.251 (symbols are partially modified) 

 

(i) A non-patented discovery that is specific to the inventor and can not be transferred to 

other firms: In the absence of patents, licences and agency response the result corresponds to 

that of the model of Downing and White (1986). Under a regime of emission standards the 

firm´s process innovation would reduce costs by e m ca. Under a regime of emission charges 

the firm´s process innovation would reduce costs by e m fa which exceed the gains form 

process innovations under a regime of emission standards by an amount of acf. 

 

(ii) A non-patented discovery that spreads among the entire industry free of charge. The 

control agency responses. The inventing firm anticipates diffusion of the discovery and 

control agency response when deciding for invention: Now, the environmentally safer 

discovery of the inventor is not firm specific. The invention will not be patented and licensed. 

Hence, the remaining N-1 firms can use the discovery without paying licence fees. The 

inventing firm anticipates the behaviour of the control agency in its decision to carry out and 

use the discovery. It assumes that the goal of the control agency is the social optimum. To 
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achieve this outcome the agency fixes emission standards or sets emission charges at the point 

at which social marginal benefits of emission reduction equal aggregated marginal costs of 

emission reduction. If the discovery of the inventing firm will spread to all other N-1 

polluting firms the aggregated marginal cost curve of emission reduction shifts downward. 

Thus the appropriate adjustment of the control agency leads to a tightening of emission 

standards and a decrease of the emission charges. The firm now assesses whether to carry out 

the discovery by taking into consideration the diffusion of its potential discovery which in 

turn brings about the mentioned agency adjustment. The profit maximising firm carries out 

the discovery if its profits will increase. In a regime of emission charges the profit will 

increase. The use of the discovery and its spread brings about a cost reduction by e m dIHa. In 

a regime of emission standards an increase of profits is uncertain. In contrast, profits may 

even decrease. Why? The use of the discovery reduces costs at the height of e m ca but because 

the firm has to comply to tigher standards (agency response!) the firms has additional costs of 

e*e**dc. The net result is uncertain. 

 

(iii) The discovery will be patented and spreads among the entire industry via licences. The 

control agency responses and the inventing firm anticipates all these steps when deciding for 

invention: Now the discovery will be patented and licensed. All other conditions  remain the 

same as in the preceding case. Under a regime of emission charges the profits will increase for 

the inventor- innovator: Besides the cost reduction the licenser now additionally receives 

licence fees. The amount of the licence fee equals a proportion z (0 < z ≤ 1) of the expected 

cost reduction for the licensee. In contrast, the net result of a regime of emission standards are 

still uncertain. But because the inventing firm now receives licence fees the regime has now 

better odds of generating a positive net result for the inventing firm. Thus, appropriability 

conditions such as patents and licence fees increase innovation incentives. 

 

So far, the models provide the following results: Emission charges always provide stronger 

incentives for environmentally safer invention and innovation than emission standards. When 

the inventing firm accounts for agency response the invention and innovation incentives of 

standards are actually uncertain regardless of whether the inventor is able to capture some 

rents from licensing the discovery or not. However, if the inventor is able to licence the 

chance to gain from carrying out the invention is higher. In the following we relax the 
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unrealistic assumption of a mechanistic agency adjustment to account for bargaining between 

the entire industry of polluting firms and the regulator, as well as for the bargaining between 

different groups of firms and the regulator. Again, the model of Milliman and Prince (1989) is 

the basis for the analysis of the policy making process. 

 

(iv) Industry-wide promotion of optimal agency response for non-patented discoveries: The 

inventing firm implements its discovery. All N-1 remaining firms also implement the 

discovery without paying a licence fee. Hence, the MCC curve shifts downwards to MCC´. 

Instead of a mechanistic agency response a bargaining process between two parties occurs 

with a coalition of all polluting firms on the one side and the regulator on the other. Under a 

regime of emission standards optimal agency response would result in a tightening of 

emission standards from E* to E**. Hence, agency response would increase total costs for 

industry by E*E**DC. Therefore, industry would oppose optimal agency response and a 

reduction of waste water to E**. Instruments of opposition may be for example political 

pressure via lobbying or withholding information about technological progress. For instance, 

the regulator implements emission standards which only refer to yesterday´s state-of-the-art 

technology instead of today´s state-of-the-art technology because chemical firms may 

withhold information or claim that an advanced technology is too expensive and ill-suited for 

their activities12. Under a regime of emission charges optimal agency response means a 

decrease of charges from C* to C** and an increase of waste water from E´ to E**. Without 

agency response total costs for industry are Em OHF. In contrast, with agency response total 

costs reduces to E m OID. Thus, the polluting industry promotes agency response and an 

increase of effluent waste in order to save costs of DIHF.  

 

(v) Incentive for the inventor-innovator (licenser) to promote agency response for patented 

discoveries: Under both regimes of regulation the stance of the licenser with regard to agency 

response is uncertain because positive net results of agency adjustment are uncertain to him. 

Why? Under a regime of emission charges the licenser saves costs of dIHf when the regulator 

adjusts to the widespread use of the discovery. But one the other side adjustment means a 

                                                                 
12 The implementation of emission standards which only refer to yesterday´s state-of-the-art technology may be 
also favoured by the fact, that the discussion with representatives from major polluters, industrial organisations 
and scientists about the general applicability of a state-of-the-art technology is  a time consuming procedure 
(source: oral communication with a representative of the Federal Environment Agency (Umweltbundesamt)). 
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reduction of the licence fee by z⋅(N-1)⋅gdfa because the licensee only saves costs of e m gd 

instead of e m af when the regulator adjusts. Hence, losses in licence fees may outweigh the in-

house gains of dIHf for the licenser. Under a regime of emission standards the licenser has 

additional costs of e*e**dc when the regulator adjusts to the widespread use of the discovery. 

However, the licence fee would increase by z⋅(N-1)⋅cdka because the licensee would save 

costs of e m dk instead of e m ca when the regulator adjusts. Hence, gains in licence fees may 

outweigh the in-house losses of e*e**dc. 

 

(vi) Incentive for the licensees to promote agency response: In contrast to the licenser the 

licensees have an unambiguous attitude with regard to agency adjustment. They favour the 

adjustment of emission charges. The reduction of the charge from C* to C** would reduce 

the price of the licence from z⋅e m fa to z⋅e m dg (adjustment reduces the potential cost savings 

by using the licensed discovery from e m fa to e m dg). Furthermore, the licensee would save 

costs of dIHf because all other costs would reduce from em OHf to em OId. In sum, the 

licensee saves costs of z⋅gdfa plus dIHf when the regulator adjusts charges. In contrast, 

licensees clearly oppose the adjustment of emission standards i.e. the tightening of standards. 

The tightening of standards would increase the price for the licence from z⋅e m ca to z⋅e m dk 

because potential cost savings increase from e m ca to em dk. Additionally, the adjustment of 

standards would increase all other costs from e m e*c to em e**d. In sum, agency adjustment 

would increase the costs for the licensee by z⋅cdka plus e*e**dc. 

 

(vii) Incentive for an inventing engineering firm to promote agency response for patented 

discoveries: Now an outside supplier discovers and licenses the environmentally safer process 

technology. The outside supplier is not subject to pollution regulation. Again, the licence fee 

equals a proportion z (0 < z ≤ 1) of the expected cost reduction for the licensee. The outside 

supplier clearly favours the optimal adjustment of standards (i.e. the tightening of standards 

from E* to E**) and opposes the optimal adjustment of charges (i.e. the reduction of charges 

from C* to C**). Why? Under a regime of emission standards the tightening of standards 

would result in an increase of licence fees from z⋅E m CA to z⋅E m DK. Thus, agency response 

would increase fees by z⋅CDKA. In contrast, an adjustment of charges would reduce licence 

fees from z⋅E m FA to z⋅E m DG. The outside suppliers would lose licence fees of z⋅GDAF.  
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What we can learn from the model of Milliman and Prince (1989) about the policy making 

process is the following. First, there may be an intra-industry split between polluting firms 

when the discovery will be licensed. The Licenser (inventor- innovator) may favour the 

tightening of standards and oppose the reduction of emission charges. In contrast, the licensee 

clearly opposes the tightening of standards but favours the reduction of charges. Second, there 

is an inter-industry split between outside suppliers and the licensees. In contrast to the 

licensees, specialised engineering firms clearly favour the tightening of standards and oppose 

the reduction of charges because the outside suppliers do not have to comply with these 

standards and do not have to pay charges in the model as well. Hence, to assess the incentives 

of standards and charges on invention and innovation information is required about the power 

of different parties (outside suppliers, inventor- innovator, licensees) to influence the 

regulator. 

 

3.2.1.3 Innovation impulses of standards and charges when discoveries require R&D 
 

So far, the costs of developing the discovery has been exogenous to the inventor. The 

polluting firm or the outside supplier has not carried out R&D which is an unrealistic 

simplification, especially for the chemical industry. The model of Kemp (1997) analyses the 

incentives of different regulations to carry out R&D and to reduce harmful emissions by 

implementing the discovery. Again, the inventor is a cost minimising price taker. He engages 

in R&D-activity to reduce the costs of pollution control and the charge payments. The extent 

of his R&D-activity depends on total cost savings per unit of emission reduction and R&D 

costs. The costs of pollution control and R&D are formalised as follows: 
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In the absence of any pollution control and R&D (RD) the firm emits one unit of pollutant. 

Hence, the extent of emission reduction (ER) lies between zero and one. The first term on the 

right-hand site of the equation above elucidates that the abatement costs depend on the 

amount of R&D. As in the models of Downing and White (1986) and Milliman and Prince 
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(1989) the marginal abatement costs are upward sloping (a > 1, α > 0). The marginal returns 

of R&D are decreasing (0 < b < 1). 

 

In order to determine the optimal level of R&D and emission reduction under a regime 

of emission standards the potential inventor minimises the above equation under the 

constraint that he at least complies with the legally fixed emission standard ER*. The optimal 

engagement into R&D (RDq) amounts to: 
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The optimal emission reduction (ERq) equals ER*. Thus, it is optimal to the potential inventor 

to refrain from reducing emissions below the level that is legally fixed (a result that we 

already received from the models of Downing and White (1986) and Milliman and Prince 

(1989).  

 

Under a regime of emission charges the polluting firm has to pay a charge C* for each 

unit of pollution. Therefore, the total costs are described by the following expression: 
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The third term on the right-hand site in the equation above accounts for the transfer payments 

the firm has to make under a regime of emission charges. Minimisation of the equation gives 

the following results for the optimal amount of R&D (RDC*) and the optimal emission 

reduction (ERC*): 
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In order to compare the results of both regimes of regulation we start with the situation where 

there is no innovation in pollution control (i.e. R&D is equal to zero) and where charges and 

standards lead to the same amount of emission reduction. According to economic theory the 

emission reduction of both regimes would be identical if the charge C* per emission unit 

equals the marginal cost of pollution abatement at the emission standard (ER*):  

 
1**)(* −== aaERERMCCC α . 

 

Substituting the last equation into the expressions for RDC* and ERC* provides the following 

results: 
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Because RD*C* > RDq the regime of emission charges provides stronger incentives for the 

polluting firm to engage in R&D than emission standards. Furthermore, the inventor-

innovator realises a higher level of emission reduction because it can be shown that ER*C* > 

ERq = ER*. 
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Before we discuss further conditions that influence the incentive of different regulation 

regimes for polluting firms to innovate and engage in R&D we summarise the conclusions of 

all three models in table 3.1 according to: 

 

• the incentives for firms to engage in R&D and to innovate under different regulation 

regimes and conditions, and 

• the attitude of firms towards optimal agency response under different regulation regimes 

and conditions. 

 

Table 3.1: Innovation incentives under the regimes of emission standards and 
emission charges and the attitude towards optimal agency response 

 

Models and conditions  Regime of regulation 

 Standards  Charges 

Innovation incentives:   

Downing and White (1986)   

• Discoveries that are firm specific  Yes, but low High 

Milliman and Prince (1989)   

• Discoveries that are firm specific  Yes, but low High 

• Discoveries that spread among the entire industry free of 

charge. The control agency responses 

Uncertain High 

• Licensed discoveries that spread among the entire 

industry. The control agency responses 

Uncertain High 

Kemp (1997)   

• Discoveries that require R&D Yes, but low High 

Attitude towards optimal agency response:   

Milliman and Prince (1989)   

• Entire industry Oppose Favour 

• Licenser Uncertain Uncertain 

• Licensees Oppose Favour 

• Outside supplier Favour Oppose 

Source: Compilation of the author 
 

The models above accentuate specific conditions while neglecting others. The model of 

Milliman and Prince (1989) accounts for agency adjustment, and discoveries which are 
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patented, licensed or carried out by outside suppliers. However, the authors neglect the role of 

R&D in process innovations. The model of Kemp (1997) accounts for the latter but neglects 

agency adjustment and a R&D outcome which may be patented or licensed. Furthermore 

outside suppliers play no role for environmentally friendly technological change. The 

overview is a good starting point for: 

 

• enlarging the discussion about the policy making process and asymmetric information 

(section 3.2.1.4),  

• discussing some aspects that are yet not taken into account by the above models. These 

aspects include the stringency of regulation, the character of the problem, the design of 

regulations, the consideration of various pollutants, the situative context, the time path, 

limited in-house resources, and the firm´s will to focus on its core business (section 

3.2.1.5). 

 

3.2.1.4 Innovation impulses of standards and charges when enlarging the discussion 

about the policy making process and asymmetric information 
 

The policy making process: the described adjustment of the control agency influences the 

extent of innovation incentives of different regulations. Thus, to assess the innovation 

incentives of different regimes of regulation information is required about the power of 

different parties (outside supplier, inventor, licensees) to influence the regulator. Milliman 

and Prince (1989) took an important step in modelling the policy making process. The main 

conclusions were the following: First, there may be an intra-industry split between polluting 

firms when the discovery will be licensed. For example, the polluting licenser favours the 

tightening of standards if gains in licence fees (due to adjustment) outweigh in-house losses 

(due to adjustment). In contrast, the licensee clearly opposes the tightening of standards. 

Second, there is an inter- industry split between specialised engineering firms which invent 

and license the discovery on one side and the licensees on the other. Specialised engineering 

firms favour the adjustment of emission standards but oppose the adjustment of emission 

charges. In contrast, the licensees do the other way round. So, if outside suppliers are more 

successful in influencing the control agency than the licensees for instance, the innovation 

incentive of standards increase.  
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The model can be enlarged by at least two further parties that influence the behaviour of the 

control agency. First, green interest groups may oppose the agency adjustment to the social 

optimum in the case of emission charges because adjustment would result in lower charges 

and higher emissions. Thus adjustment may not be politically feasible. In the case of emission 

standards however, green interest groups favour the adjustment by the regulator. Second, 

employees within the control agency itself may restrain from adjusting emission charges 

because it means a higher amount of emissions. If the coalition of interest groups, outside 

suppliers and the agency itself is strong enough the emission standards will be tightened 

against the resistance of the affected firms. 

 

Asymmetric information: As already described in the model of Milliman and Prince (1989) 

asymmetrically distributed information may hinder optimal policy adjustment of the 

regulator. Of course, firms or industry may also strategically use information to influence the 

initial level of governmental intervention to its own interest. Thus, asymmetric distributed 

information may result in standards which allow for emissions above the level E* or in charge 

below C* that does almost not exert incentives to reduce pollution through new process 

technologies (Hemmelskamp, 1997, p.183). 

 

3.2.1.5 Innovation impulses of standards and charges when accounting for the design 

and stringency of regulations and further issues 
 

The stringency of the regulation and the total environmental costs of a regulatory tool for the 

polluting firm : Emission charges cause higher total environmental costs (abatement costs plus 

charge payments) for firms than emission standards. Private firms argue that the German 

waste water charge payments increase costs, reduce financial resources for investments, and 

thus reduce their competitiveness (Bayer-Umweltperspektive, 1991, p.33). Thus the control 

agency is careful not to impose too high total costs on the polluting firms and will set a low 

charge or increase an existing charge moderately which in turn provides only weak incentives 

to environmentally safer process innovations (Kemp, 1997, p.319). 
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Character of the problem: If the environmental problem is urgent and perceivable by the 

public, emission standards are preferable to emission charges. Emission standards limit the 

quantity of emissions and thus leave the polluting industry less choice with regard to emission 

reduction (Kemp, 1997, p.43). 

 

The design of regulations: The details of environmental policies influence the innovation 

decision of polluting firms. With regard to German regulation an important example is the 

interrelation of the waste water charge and standards for emissions into water (see section 

4.1.4)13. This interrelation tends to increase the incentives of the emission standards and to 

decrease the incentives of the charges. Why? The interrelation of charges and standards 

accelerates the firm´s compliance to emission standards because if the firm meets the 

standards the emission charges will be reduced. The reduced charges in turn provide only 

moderate incentives for firms to further environmentally safe innovations 14. 

 

Consideration of various polluting substances: If the regulator accounts for various pollutants 

when implementing standards or charges the polluting firm may respond by significant 

process innovations such as production- integrated innovations for example. These innovations 

aim to avoid the production of emissions at all. 

 

The situative context: proponents and opponents of environmental policies make intelligent 

use of situations and time in order to strengthen their position (Jänicke, 1997, p.7). For 

instance, accidents such as the one of Sandoz in 1985 offer sudden situative opportunities for 

tightening emission standards. In contrast, the globalisation of markets offers situative 

opportunities for the pollution firm to refuse increased environmental protection. 

 

Time path: The time path of the regulator may influence the type of process technology that 

will be implemented in order to deal with an environmental issue. Emission standards with a 

relative short compliance time or relative high emission charges which neglect the age of the 

existing capital stock of the companies favour the implementation of an end-of-pipe 

technology, respectively hampers the replacement of the incumbent process. For the 

                                                                 
13 Maas (1987) models the interrelation between charges and standards in Germany. The principal approach of 
his analysis is s imilar to that of Downing and White (1986). 
14 Only if the firm does no longer comply to tightened standards the charges will increase again. 
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incumbent production process is associated with investment costs that are irreversible (sunk 

costs). Thus the polluting firm is interested in taking advantage of the incumbent process as 

long as possible. In order to do so, the firm favours to add a pollution control technology to 

the incumbent process (Kemp, 1997, pp. 64-65 and 100-101). 

 

Besides environmental regulation there are several factors that influence (favour or 

hamper) environmentally safer innovations (see also the beginning of this chapter). So far, we 

analysed the influence of regulations on environmentally safe innovations. Hereby, we did not 

explicitly account for the correlation between these factors. This will be made up now for the 

correlation between those factors that are especially important from our point of view.  

 

Limited in-house resources: There may be a correlation between limited in-house resources of 

polluting firms and environmental regulations. This is especially true for a regime of emission 

standards. Why? In Germany emission standards are technology-based. Thus, limited in-

house resources that hamper technological progress in protecting the environmental resources 

also hamper stringent standards. Weak impulses of soft standards in turn impede the building 

of in-house resources to protect environmental resources such as water technologically.  

 

The firm´s will to focus on its core business: In the model of Milliman and Prince (1989) the 

spread of the new environmentally safer discovery is assumed to be equally fast under both 

regulation regimes. This seems implausible. Emission charges give free hand to polluting 

firms to reduce emissions. Thus the response of polluting firms is uncertain under a regime of 

emission charges. For instance, firms that are primarily product-innovators want to focus on 

product innovation rather than process innovation. Product innovation is the firm´s core 

business. Even if, by engaging in process innovations, the firm saves charges and increases 

profits the focus on product innovations may be rationale. Because the firm supplies goods, 

for instance, for a market on which products rather than price competition is predominant the 

allocation of in-house resources to product innovations may provide higher profits than the 

allocation of resources to process innovations. 

 

In contrast, emission standards leave polluting firms less choice with respect to 

emission reductions. Thus, in the case of emission standards, the spread of the licensed 
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discovery will be more rapid which in turn increases the gains for the licenser because gains 

today are more valuable than gains tomorrow. Hence, emission standards may provide higher 

gains for the potent ial licenser to discover an environmentally friendly process technology 

than emission charges (Kemp, 1997, p.40-1).  

 

In summary one can say that the impact of regulations on (specific) environmentally 

safer process innovations depends on a variety of cond itions. In order to assess the incentives 

of different regulations for process innovations ex ante one has to consider these conditions 

and their complex interaction. We illustrate the importance of some framework conditions 

with an example of the amendment of the Water Management Act (Wasserhaushaltsgesetz 

[WHG]) in 1992 (see box 3.2). 

 

 

Box 3.2: The amendment of appendix 22 in 1992 

 

The appendices of the Waste Water Directives (Abwasserverordnung [AbwV]) convert the qualitative 

technology definitions of the Water Management Act (Wasserhaushaltsgesetz [WHG]) into 

corresponding emission standards. The appendices account for industrial diversity. For instance, the 

chemical industry is treated in appendix 22. The goal of the amendment of the appendices in 1992 was 

the conversion of state-of-the-art technology for dangerous substances (of the WHG amendment in 

1986) into corresponding emission standards. Among others, the value of the COD-parameter 

(chemical oxygen demand) for substances that are difficult to break down should be tightened. 

Furthermore, an AOX-parameter (absorbable organically bound halogens) should be introduced.  

 

Source: Oral and written communication with an expert at the Federal Environment Agency 
(Umweltbundesamt) 
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Box 3.2: The amendment of appendix 22 in 1992 (cont.) 

 

The planned tightening of the value of the COD-parameter also concerns waste water treatment plans 

of the municipalities (appendix 1 of the Waste Water Directives). Because of massive opposition of 

municipality associa tions the value of the COD-parameter in appendix 1 had not been tightened to the 

extent that was planned. Hence, it had been impossible to introduce a more tightened value of the 

COD-parameter for the chemical industry (only for high values of the COD-parameter before waste 

water treatment the emission standards could be tightened). In contrast, the tightening of the value of 

the AOX-parameter was favoured by some framework conditions (source: oral communications with a 

representative at the Federal Environment Agency (Umweltbundesamt)):  

• Organically bound halogens do not play a major role in waste water treatment plants of the 

municipalities. Hence, municipalities did not oppose. 

• Scientists made progress to detect organically bound halogens within the environment.  

• A study from the Netherlands provided information about the treatment costs that arise with 

different AOX-values. Thus, the decision makers of the German government possessed 

information about the financial burden for the industry that is associated with specific emission 

levels. Hence, the burden to prove that the tightening of emission standards is not acceptable from 

an economic point of view laid on the chemical industry. Pilot studies were carried out at BASF 

and Hoechst for example. Thus, the transparency about the industrial performance was increased 

for the decision maker. 

• The globalisation of markets did not dominate the discussion about environmental protection like 

today.  

 

The framework conditions led to a level of emission standards that was based on process technology 

which was still rare in use. Thus, many chemical firms had to reduce emissions into water by 

developing and using new process technology. 

 

Source: Oral and written communication with an expert at the Federal Environment Agency 
(Umweltbundesamt) 
 

So far we derived one major incentive to process innovations which reduce waste water, 

namely environmental regulations. But there may be at least two other incentives in a market 

economy by which water pollution is reduced through process innovations of firms: the 

opportunity to realise reputation gains vis-à-vis different stakeholders which may affect future 
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profits and the opportunity to reduce production costs by reducing material input. These will 

be discussed in turn. 

 

3.2.2 Reputation gains vis-à-vis different stakeholders  
 

As already depicted, end-of-pipe innovations that aim to improve water quality also increase 

the firm´s operating costs (see Box 3.1). Why then, would a firm voluntarily carry out water 

benign process innovation activities? The reason for that behaviour may be reputation gains 

vis-à-vis different stakeholders such as the government, the neighbourhood including local 

community organisations, consumers, insurance companies, media, non-governmental 

organisations (NGOs), and the firm´s employees (OECD, 1999, pp.24-28). By reducing 

conflicts with different stakeholders, the firm´s reputation increases. And reputation in turn 

affects future profits of the firm (Homann and Suchanek, 2000, p.354). Or, as a former 

chairman of a large chemical company puts it: “No industry has survived a permanent conflict 

with society. Dialogue, adjustment and co-operation are therefore not a luxury but a 

necessity” (Loudon, as quoted in Kemp, 1997, p.48). In the following, we analyse the 

reputation gains vis-à-vis different stakeholders. 

 

3.2.2.1 Reputation gains vis-à-vis insurance companies 
 

Voluntary water protection process innovation activities of a chemical firm may prevent 

chemical accidents. Therefore, insurance companies offer a rebate on the annual premium 

(OECD, 1999, p.27). 

 

3.2.2.2 Reputation gains vis-à-vis the media 
 

Voluntary activities may prevent chemical accidents and environmental pollution. Thus a firm 

may avoid to hit the headlines in mass media. And avoiding bad headlines is an important 

objective of firms because the compensation of the corresponding loss in reputation will be a 

very costly process. The costs which are avoided by voluntary abatement represent the 

reputation gains of the firm. Reputation vis-à-vis the media affects particularly larger firms 

because they are more susceptible to public scrutiny than smaller ones. 
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3.2.2.3 Reputation gains vis-à-vis consumers  
 

There are at least two important ways for firms of receiving reputation gains vis-à-vis 

consumers. First, products which are voluntarily produced in an environmentally safer 

manner or which cause less emissions into the environment during consumption may be sold 

at a higher price than alternative products. For instance, products that receive the German 

label “Blue Angel” are often more expensive than non-labelled alternative products (OECD, 

1999, p.27). In order to receive the “Blue Angel” for a specific product, such as detergents, 

paints and varnishes, the whole product lifecycle (from produc tion to disposal) will be 

assessed by the German Institute for Quality Assurance and Certification (Deutsches Institut 

für Gütesicherung und Kennzeichnung e.V.) and the Federal Environment Agency 

(Umweltbundesamt) (Röckinghausen, 1998, p.78-79). However, some products such as 

pharmaceuticals, food and beverages are excluded from this regulation by labelling 

(Röckinghausen, 1998, p.77). Second, consumers may react with sanctions if the activities of 

a firm deviate too much from their supposed behaviour. For instance, people boycott buying 

the products of the firm. Here, the boycott avoided by an environmentally safer production 

mirrors the reputation gains. 

 

3.2.2.4 Reputation gains vis-à-vis the neighbourhood 
 

Upstream chemical firms which manufacture intermediate products are more affected by local 

activism than by consumers (Lévêque, 1993, p.80). In Germany the vast majority of chemical 

firms produce their products within conurbations (Hoechst, 1996, p.45). And even production 

centres that were originally built outside of a conurbation become surrounded by residential 

areas because the cities are growing. Thus, chemical firms increasingly affect the 

neighbourhood and in turn, local activism increasingly affects chemical firms. The increasing 

interdependency between chemical firms and their neighbourhood is also mirrored by the fact 

that former Hoechst has institutionalised the dialogue between plant managers and residents 

by establishing the “Forum of Hoechst´s Neighbours” (Gesprächskreis Hoechster Nachbarn)  

(Hoechst, 1996, p.44). And if e.g. voluntary abatement activities follow dialogues the firm 

receives reputation gains. For instance, the firm´s production centre is still accepted within the 

conurbation. Otherwise the firm loses infrastructure and large amounts of qualified personnel. 

The avoided losses represent the reputation gains by voluntary abatement activities. 
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Furthermore, high reputation vis-à-vis the neighbourhood enables firms to receive more 

quickly the permission to extend the capacity of the incumbent plant or to build new ones in 

order to follow market growth (OECD, 1999, p.28). Here, the additional profits by satisfying 

increased market demand represent the reputation gains. 

 

3.2.2.5 Reputation gains vis-à-vis environmental pressure groups  
 

Like the media environmental pressure groups such as Greenpeace and the German 

Federation for the Environment and Nature Conservation (Bund für Umwelt und Naturschutz 

Deutschland e.V. [BUND]) make the society aware of environmental issues and influence the 

opinions of the society about firms (remember Greenpeace and Brent Spar in 1995). Thus 

they influence the reputation of firms and their future profits. Other environmental pressure 

groups such as the Worldwide Fund of Nature (WWF) for example try to influence firm 

activities through co-operation within projects about voluntary abatement (WWF publicity 

material). Co-operative firms are allowed to use the WWF logo alongside the firm name in 

co-operative ventures (Hutchinson and Hutchinson, 1997, p.211). Label or not - the work of 

firms with the WWF for example, may influence reputation and thus future profits.  

 

3.2.2.6 Reputation gains vis-à-vis employees 
 

The motivation and quality of employees are important factors for the economic success of a 

company. For instance, labour productivity and profit per employee may rise with an increase 

of reputation in environmental performance (OECD, 1999, p.27). Furthermore, improved 

reputation by voluntary abatement activities may make it easier for firms to attract skilled 

staff which in turn positively influences future profits of the firm. 
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3.2.2.7 Reputation gains vis-à-vis the government 
 

By voluntary water benign process innovations a firm may avoid compliance costs to an 

otherwise tightened emission standard. Avoided compliance costs represent the gains of 

voluntary activity. The underlying intuition of this argument is depicted by diagram 3.7 (see 

OECD, 1999, p.26). The individual costs of pollution control (cc) are exponentially 

increasing. The individua l benefits of pollution control (bc) are decreasing, for instance, 

because of decreasing returns of reputation gains vis-à-vis the media, consumers etc. In the 

absence of a background threat of the government the firm will voluntary reduce emissions at 

point fe . Here, the net benefit for the polluting firm is maximised. Now suppose a 

background threat of the government. The governmental abatement target is the level re . 

Because re > 0e  governmental intervention would result in a net loss of bd. If the background 

threat of the government is perfect the firm will abate re . However, if the threat of the 

government is not perfectly credible the firm may be able to impede governmental 

intervention by reducing emissions voluntarily to the level ie , for instance, which is higher 

than the governmental target level re . Here, the governmental threat is strong enough to force 

the firm to undertake voluntary activities entailing a net loss which is represented by the 

segment ag. Nevertheless, by voluntarily implementing an environmentally safer technology 

the firm still receives a gain which is represented by the segment bc. To sum up, if the 

governmental threat is not perfectly credible the firm gains in avoiding compliance costs to a 

tightened legislative emission level that would eventually have been imposed without 

voluntary water benign process innovations.  
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Diagram 3.7: Reputation gains vis-à-vis the government 
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Source: The diagram adapts OECD, 1999, p.26 

 

3.2.2.8 Reputation gains and the collective and unilateral self-commitment initiative 

“Responsible Care” 
 

As we have seen in the previous subsection, voluntary pollution abatement may result in a net 

loss for the individual firm if the governmental threat is very credible. Here, voluntary 

abatement just means the minimisation of the firm´s net loss. If a net loss is likely to happen, 

firms may prefer collective self-commitments to create a level playing field for a large 

number of firms (Homann and Suchanek, 2000, p.356-7). Within the chemical industry the 

“Responsible Care Programme” is the best known collective approach where firms 

voluntarily commit themselves to certain management practices which account for 

environmental issues. The “Responsible Care Programme” was initiated by the chemical 

industry in Canada in 1984 to anticipate future regulation of the government due to accidents 

that occurred in Canada (Love Canal) and abroad (Bhopal in India) (OECD, 1999, p.25). In 

1989 the first formal “Responsible Care Programme” in Europe was launched by the 
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Chemical Industries Association (CIA) in the United Kingdom (UK). In Germany, the 

German Association of the Chemical Industry (Verband der Chemischen Industry e.V. [VCI]) 

adopted the programme in 1991. Today “Responsible Care” is a world wide programme 

(publicity material of the European Chemical Industry Council (CEFIC)). All programmes 

share some fundamental features but are flexible enough to include national specificity (see 

box 3.3). However, infringement of individual firms can not be punished. Thus, free riding 

may undermine an important objective of collective self-commitments: the creation of a level 

playing field in voluntary environmental protection. 

 

 

Box 3.3: Examples of guiding principles of the German “Responsible Care Initiative” 

 

The “Responsible Care Programme” includes ten guiding principles. We take two principles as 

examples: 

 

First principle: the chemical industry considers safety and the protection of human health and the 

environment as a matter of fundamental importance. For this reason, company management shall 

define environmental guidelines, review these guidelines at regular intervals regarding new 

requirements and create procedures for the effective implementation of these targets in everyday 

business practice. 

 

Seventh principle: the chemical industry will limit the marketing of products or cease production, 

regardless of economic interests, if the results of a risk assessment call for such limitation or cessation 

as a precautionary measure to protect human health and the environment. The chemical industry shall 

inform the public of all such measures. 

 

Source: VCI, 1995 

 

In sum, there are many incentives to voluntarily reduce water pollution by corresponding 

process innovations. Voluntary abatement to receive reputation gains is more likely in: 

 

• Large firms and establishments because they are more susceptible to public scrutiny. 

• Firms that belong to the downstream sector. They can be influenced by consumer 

pressure. 
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• Firms that have their production centre within a conurbation. They can be influenced by 

local activism. 

• Firms that fix goals which are set in quantitative rather than qualitative and ambiguous 

terms. 

 

3.2.3 Reduction of production costs by the reduction of material input 
 

In a market economy firms have to make profits in order to survive. There are two major 

strategies for making profits: selling unique products or producing at low costs. The 

development and optimisation of production processes to reduce production costs has played 

a major role since the beginning of industrial chemistry. Table 3.2 illustrates the reductions of 

production costs. The move from batch to flow processes and the continuous optimisation of 

flow processes have reduced labour costs by more than 98 percent, capital and energy costs 

by more than 80 percent and the expenditures for raw materials by more than 50 percent.  

 

Table 3.2: Productivity comparison of the Burton and fluid catalytic cracking process 
 

Inputs per 100 gallons of gasoline produced Production input 

Burton process Fluid process 

original 

installations 

Fluid process later 

installations 

Raw materials (gallons) 396.0 238.0 170.0 

Capital ($, 1939 prices) 3.6 0.82 0.52 

Process labour (man hours) 1.61 0.09 0.02 

Energy (millions of BTUs) 8.4 3.2 1.1 

Source: Enos, 1962, p.224 as quoted in Freeman and Soete, 1997, p.86 

 

Box 3.4 illustrates the impressive reduction of production costs by integrating manufacturing 

intermediate and final chemicals and the consequent extension and optimisation of this 

production philosophy at BASF. 
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Box 3.4: BASF and its “Verbund” 

 

The major establishment of BASF at Ludwigshafen contains about 350 individual factories that 

produce about 8000 different chemical and pharmaceutical products. The individual factories are 

linked together with about two thousand kilometres of pipes and make intensively use of their joint 

products. Basic chemicals or intermediate products of different factories are processed by other 

factories on the firm area. Furthermore, the heat jointly produced during production processes 

provides the energy for other production processes. The described integration of manufacturing 

intermediate and final chemicals is an important part of the philosophy of BASF that dates back to its 

founding by Friedrich Engelhorn in 1865. The philosophy is called “Verbund”. The extent of this 

integration at BASF is unique in the chemical industry and the term “Verbund” has virtually 

developed as an international brand name for BASF. Via its “Verbund”-system at Ludwigshafen 

BASF saves production costs of about 500 millions Euro (p.a.) and reduces carbon dioxide emissions 

by about two and a half millions of tons per year. Thus, the “Verbund”-system strongly increases 

competitiveness and the continuous optimisation of the production system is an important objective of 

the BASF. 

 

Source: Andreas Kempf, 2000, p.13; Online in internet: 
http://www.basf.de/de/corporate/verbund/ [16.5.2001] 
 

Intended or not, the firm´s objective to reduce production costs may also increase water 

quality. For instance, the reduced production of joint products and the recovery of valuable 

material in effluent polluting streams may reduce industrial water pollution (see Box 3.5). 

Thus, the opportunity to reduce production costs may be an additional incentive by which 

water pollution is reduced through process innovations of chemical firms. 
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Box 3.5: Cost savings by the use of production-integrated technologies 

 

Former Hoechst AG produced aromatic amines which are essential intermediate products for  

manufacturing of paints, pharmaceuticals, crop protection agents and high-grade plastics. The 

production process which uses iron chips produced 237 kg waste and waste water (6,25 kg COD) for 

every 100 kg aromatic amines. A new catalytic process enabled the reduction of the quantity of 

organic pollutants in the waste water by about 99% (to 0,03 kg COD). Apart from the reduction of 

waste water charges the new process reduces production costs: the operating personnel is reduced 

from 70 to 43 employees and the time to prepare the plant between two batches of different aromatic  

amines is reduced from seven to half a day. 

 

Bulk products such as vinyl chloride, vinyl ethers and vinyl esters are still produced from acetylene. A 

new acetylene process applied by Hüls AG has both environmental and economic advantages. Among 

others, the new process reduced energy consumption and the production of waste water. Apart from 

the reduction of energy and waste water costs the new process also requires less personnel. 

 

By the use of a steam cracker crude oil is divided into the basic chemicals such as acetylene, ethylene, 

propylene and a so called C4-stream which is a combination of substances such as butadiene and i-

butene. Each substance of the C4-stream can be used for the production of some final products. The 

extraction of i-butene out of the C4-stream by the use of sulphuric acid and sodium hydroxide results 

in the production of waste water containing large amounts of the valuable substances sulphuric acid 

and sodium hydroxide. Until 1981 the Hüls AG used this production process. The waste water was 

worth about DM 1 million in 1981. Since 1981 the use of sulphuric acid and sodium hydroxide has 

been avoided by the implementation of a new process with a new catalyst. Thus the new process 

reduces the amount of waste water, waste water costs and avoids the consumption of valuable 

material. 

 

Source: Christ, 1996a and 1996b, p.28; Faber, Jöst and Müller-Fürstenberger, 1994, pp.17-21 and 36-

37 

 

Summing up, we derived three major incentives by which water pollution is reduced through 

process innovations of firms. The first one is governmental regulations. They require 

compliance with emission standards and charge emissions in order to make incumbent 
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production processes costly. By carrying out process innovations firms avoid prosecution and 

save costs. The second incentive is reputation gains vis-à-vis different stakeholders. And the 

third incentive is the opportunity to reduce production costs and increase profits by reducing 

material input. Intended or not, the incentive for the firm to reduce production costs by the 

recovery of valuable material in polluting streams may increase water quality.  

 

There is an ongoing debate about the most important innovation incentive and about 

the ways and means that should be used to induce polluting firms to reduce emissions. Since 

the 1970s, the importance of governmental intervention for promoting the greening of the 

industry has often been stressed. Pressure from different groups of the society has been 

exerted and various policies have been implemented. However, water protection process 

innovation is nothing that can simply be called upon. There are several reasons why firms and 

their establishments may refrain from implementing end-of-pipe or integrated technologies 

that reduce, for instance, water pollution. 

 

3.3 The firms´ reasons for refraining from (further) water protection process 

innovations  
 

3.3.1 Emission standards are already met 
 

As already described, tightened emission standards may provide incentives for polluting firms 

to discover and introduce a new process technology to reduce water pollution. The new 

process technology may be an end-of-pipe or production- integrated technology. However, if 

the polluting firm already meets the emission standards of the control agency there will be no 

incentive for the firm for an ongoing reduction of water pollution (see model of Downing and 

White (1986)). Additional process innovations would cause extra costs but would not provide 

extra gains. Thus, missing impulses due to non-tightened emission standards hamper water 

protection process innovations. 
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3.3.2 The chemical process is already cost-efficient 
 

Among many other prices, waste water charges and disposal costs shape the economic 

conditions of an incumbent production process. If the firm has adjusted to a set of actual 

prices such that there is no available alternative process which is preferred in terms of 

production costs, the plant manager will have no incentive to introduce a new production 

process, i.e. the incumbent process is already cost-efficient. Only if prices change cost-

efficiency, production processes may change, too. Thus, increased waste water charges for 

example, will favour production processes which produce less waste water. Hence, low waste 

water charges which keep the cost-efficiency of the process almost unchanged may hinder the 

development and introduction of a more water benign production technology. 

 

3.3.3 Pay-back period is too long 
 

The time period in which the present value of future cost reductions outweigh the costs of 

“investment” in process innovation is denoted as pay-back period. In the chemical industry 

the firm´s time horizon is short and the stipulated pay-back period is about four to six years 

(Hohmeyer and Koschel, 1995, p.10). The shorter the time horizon, the smaller the probability 

that a firm will introduce a new water benign process technology (Faber, Jöst and Müller-

Fürstenberger, 1994, pp.11-12). If, for instance, future cost reductions of a water benign 

process innovation are too low the pay-back period may be too long. The firm will not 

“invest” in a water benign process innovation. Future cost reductions of a water benign 

process innovation may be too low because of too low waste water charges for example.  

 

3.3.4 Integrated technologies take a long time to implement and do not eliminate the 

need for end-of-pipe technologies 
 

Production- integrated innovations reduce the amount of water pollution. However, the 

production of chemical substances with zero emissions is usually impossible. Hence 

production- integrated innovations do not eliminate the need for end-of-pipe innovations. If 

the polluting firm urgently has to reduce water pollution it may decide to implement an end-

of-pipe technology at the expense of an integrated technology because the implementation of 
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the end-of-pipe technology requires less time than the replacement of the incumbent 

production process. Again, the time horizon matters. 

 

3.3.5 Focus on the core business of the firm 
 

Firms are different. They focus on activities that they can carry out particularly well. For 

instance, a pharmaceutical firm focuses on product rather than process innovations. In 

pharmaceuticals product prices are high, price competition is less important and firms try to 

carve out monopoly niches by developing new products. In contrast, a firm that produces bulk 

chemicals or advanced intermediate products in large quantities focuses on process rather than 

product innovations. Here, product prices are low and price competition is high (see table 

2.3). Firms whose core business is process rather than product innovations are also more 

likely to carry out water benign process innovations. 

 

3.3.6 Implementation of integrated technologies at the expense of end-of-pipe 

technologies 
 

Up to the late 1980s chemical firms favoured end-of-pipe innovations in order to reduce 

industrial water pollution (Christ, 1999, p.14). Why? First, the adding of an end-of-pipe 

technology requires less capital investments than the substitution of an incumbent process by 

a new production- integrated technology. Second, because end-of-pipe technology can be 

added to the incumbent production process the company can take advantage of this process as 

long as possible. The company is interested in doing so because the incumbent process was 

associated with high investment costs that are irreversible (sunk costs). Third, developing a 

new chemical production process is an expensive and time consuming process (see section 

2.5). During the scale-up of the findings of laboratory research, questions of costs, pricing and 

environmental safety have to be considered. This is often associated with the development of 

appropriate equipment and the erection of a pilot plant. Furthermore, the new process has to 

guarantee compliance with governmental regulations (Wacker Chemie, 1991/1992, pp.8-9). 

Thus, on average, the development and implementation of a new production process requires 

at least four to six years. In contrast, end-of-pipe technology can be developed and installed in 

two to four years (Wiesner et al., 1995, pp.217-222). In sum, end-of-pipe technology may 

rapidly improve water quality at relatively low costs as long as governmental standards are 
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not sufficiently tight and keep the incumbent production process unchanged. However, the 

advantages of end-of-pipe technology over production-integrated technology disappear as 

emission standards get tighter and tighter. Reducing water pollution by an ongoing addition of 

end-of-pipe technologies requires an ongoing material input and energy consumption while 

the incumbent production process and its output remains unchanged. Thus, with ongoing 

emission reduction, end-of-pipe technology increases production costs, reduces productivity 

and thereby competitiveness in terms of costs (see box 3.1). Therefore, a polluting firm will 

favour to implement production-integrated technologies at the expense of end-of-pipe 

technologies. 

 

3.3.7 End-of-pipe and integrated technologies do not belong to the competence of the 

firm 
 

Resources are defined to include “physical things a firm buys, leases, or produces for its own 

use, and the people hired in terms that make them effectively part of the firm” (Penrose, 1985, 

p.67). Firm internal impediments to water benign process innovations for example, arise when 

some important resources required for the mentioned innovations are not available in 

sufficient amounts within the firm (Penrose, 1985, p.66). While huge chemical firms such as 

BASF and Bayer have both large R&D departments including several hundreds of researchers 

and special in-house groups that deal with waste water issues (see section 6.2), smaller firms 

lack qualified personnel. For smaller firms, large in-house departments which are able to 

provide very different kinds of R&D services including the ongoing development of new 

water benign production processes do not pay-off: the size of their production plants is just 

too small. Too many R&D resources would be unused. Thus, in particular for smaller firms 

external technology acquisition is less costly than in-house development of new water benign 

processes for example. 

 

3.3.8 Lack of technology suppliers  
 

Usually technological innovations are not an isolated activity. Firms use external technology 

sources such as universities, public research institutions and specialised engineering firms in 

order to carry out successful water benign process innovations. Hence, process innovations to 

protect water will be limited by the lack of these technology suppliers. 
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3.3.9 Lack of opportunities for co-operation 
 

As already mentioned, firms acquire technology externally in order to carry out successful 

water benign process innovations. Co-operation refers to the type of technology acquisition. 

Co-operation does not mean the acquisition of a standard template but carrying out a common 

R&D activity. Co-operation is especially important when the innovation project is highly 

complex, such as production- integrated measures. Here, acquisition of a standard template is 

often impossible. Hence, the lack of opportunities for co-operation may in particular hamper 

complex water benign process innovations. 

 

The whole chapter can be summed up as follows: On the one side there are different 

stakeholders such as the government, the media and neighbours that exert pressure on firms 

and their establishments to reduce environmental pollution. On the other side the polluting 

firms lack knowledge resources to reduce environmental pollution or want to pursue a 

different business policy. Therefore, “the actual policies and practices of the firm are going to 

represent a political compromise mediated by the management” (Milgrom and Johnson, 1992, 

pp.41-42). 
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4 Policy pattern of environmental protection at the German and the 

European level 

 

Because the pattern of environmental regulations is specific to the country in question we 

depict German environmental regulations which aim to reduce industrial waste water (section 

4.1). In doing so, we also get an idea about the incentives of actual German environmental 

regulations for process innovation. Since the 1970s German environmental regulations have 

become influenced by environmental regulations of the European Union. Therefore, we also 

describe the basic features of EU environmental law and how EU environmental law has been 

translated into German law (section 4.2). 

 

4.1 Policy pattern of environmental protection in Germany 
 

4.1.1 Criminal law and environmental law 
 

In Germany certain actions which damage the environment are designated as criminal 

offences. For example, emissions into water which have not been allowed by a public 

authority are a punishable offence (§ 324 StGB). Persons that are found guilty of such an 

offence will be punished by paying a fine or by imprisonment (§ 324,3 StGB). 

 

Besides criminal law an environmental law has been established in Germany to protect 

the environment, for example water resources. In Germany, the environmental media air, 

water, and soil are protected by separate systems of regulations. If a polluter such as a 

chemical firm plans to build up a new plant, the firm has to account for all regulations 

simultaneously. Water resources in Germany are primarily protected by emission standards 

and emission charges. These are determined at different territorial levels. Before discussing 

the single regulations we first sketch the institutional framework of waste water regulations. 
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4.1.2 Institutional framework for environmental regulation in Germany 
 

4.1.2.1 Constitutional basis for the relationship between the Federation, the Länder 

and the municipalities 
 

The German federal system provides the framework for German waste water regulations. The 

federal structure includes three levels: 

 

• Bund or Federation  

• Länder or federal states 

• Municipalities. 

 

The Federal Parliament is the most important institution for passing laws. According to is sues 

that deal with the use of water resources for example, the Federation has the competence to 

pass frame laws for the Länder laws (Constitution (Grundgesetz) §75 (4)). Here, the relevant 

frame laws are the Water Management Act (Wasserhaushaltsgesetz [WHG]) and the Waste 

Water Charges Act (Abwasserabgabengesetz [AbwAG]) 

 

The 16 Länder (11 “old” Länder and 5 “new” Länder since German unification in 

1990) are not only administrative units but possess a limited legislative competence of their 

own. Hence, the Länder implement both laws of the Federal Parliament and their own laws. 

For example, each Bundesland is free to determine emission standards for firms that discharge 

their waste water via waste water treatment plants of municipalities (Directive for Indirect 

Dischargers (Indirekteinleiterverordnung)). Furthermore, the Länder are able to influence 

federal legislation in cases where their interests are involved. The corresponding institution is 

the Bundesrat (Federal Council). 

 

The municipalities are part of the Länder. However, they have the right for self 

government within the framework of laws of the Federation and the Länder (Constitution 

Article 28, § 2). Hence, even the local territorial authorities are autonomous units to a certain 

extent. For example, municipalities are allowed to impose waste water charges and emission 

standards within the framework of laws of the Federation and the Länder. 



 68 

4.1.2.2 The administrative structure of Germany 
 

The administrative structure reflects the constitutional structure: 

 

At the level of the Federation the Federal Ministry of the Interior (Bundesministerium 

des Inneren, BM) had been responsible for questions dealing with technical protection of the 

environment since 1970. As a reaction to the reactor disaster in Chernobyl and the insufficient 

communication policy of the Federal Ministry of the Interior, the separate Federal Ministry 

for the Environment, Nature Conversation and Nuclear Safety (BMU) was established in 

1986 (Fritzler, 1997, pp.40-55).  

 

The authorities of the Länder are responsible for both the implementation of their own 

laws and of the majority of federal laws. Today, each of the Länder has a Ministry that deals 

with environmental protection. The licensing and supervision of plants is carried out by 

factory inspectorates (Gewerbeaufsichtsämter), counties (Landratsämter) or county boroughs 

(kreisfreie Städte) (Héritier, Knill, Mingers, 1996, p.70 and Correia and Kraemer, 1997a, 

p.43). Detailed environmental regulation limits the scope of informal agreements between the 

licensing authority and the polluting firm. However, comprehensive controls often require too 

many resources. Thus, licensing authorities have to rely on the co-operation with the polluting 

firm (Héritier, Knill, Mingers, 1996, p.73). 

 

As just mentioned, the licensing and supervision of plants belong to the competence of 

the Länder. However, the licensing authorities that implement laws of the Federation and the 

Länder also account for the interests of municipalities. By and large, “no factory inspectorate 

would license a technical plant in the face of massive resistance from the local authority” 

(Héritier, Knill, Mingers, 1996, p.76). 

 

So far, we have sketched the institutional framework of regulations in Germany. We 

will now describe the systems of emission standards and emission charges that aim to reduce 

industrial waste water in Germany. 
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4.1.3 Emission standards  
 

4.1.3.1 The Water Management Act and the Waste Water Directive of the Federation 
 

The Federation has the competence to pass frame laws for the Länder with regard to issues 

dealing with the use of water resources (Constitution §75 (4)). In the amendment of the 

Wasserhaushaltsgesetz (WHG) in 1976 (the WHG was established in 1957) the Federation 

made use of this competence. Here, the polluting firm only receives a permission to water 

pollution if it meets a certain technological standard which is associated with a limited 

amount and harmfulness of waste water (WHG §7a (1)). This technological standard has been 

called “commonly accepted technical standards” (allgemein anerkannte Regeln der Technik 

[aaRdT])”. The “commonly accepted technical standards” were specified by process 

technologies that are practically tested and within the body of thought of all those persons 

that deal with water pollution (Kunz, 1995, p.27).  

 

The amendment of 1986 introduced tightened standards for all cases where the waste 

water of dischargers contained so-called dangerous substances (WHG, § 7a). The dischargers 

have had to meet standards that are related to state-of-the-art-technologies (Stand der 

Technik). “State-of-the-art-technologies” were specified in the Federal Pollution Control Act 

(Bundes-ImmisionsschutzG [BimSchG] §3): “state-of-the-art-technologies” include advanced 

processes that are applicable from the viewpoint of leading experts (Kunz, 1995, p.27). The 

use of the indeterminate category “advanced” makes it possible to stay at the cutting edge of 

technical progress in implementing environmental regulations (Héritier, Knill, Mingers, 1996, 

p.53). There is no new state-of-the-art technology. State-of-the-art-technology is always the 

newest! However, recognition and implementation of state-of-the-art-technology-related 

standards requires time. Thus, “newest” is not “newest” in the original sense of the word. 

 

Since the last amendment of the WHG in 1996 the standards for emissions into water 

refer to the state-of-the-art-technology, irrespective of the dangerousness of the substances 

(WHG §7a). Furthermore, state-of-the-art-technology is now specified within the WHG 

(WHG §7a (5)).  
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The terms “commonly accepted technical standards” and “state-of-the-art technologies” are 

qualitatively specified in the WHG and its amendments. The Waste Water Directive 

(Abwasserverordnung [AbwV]; until 1997: Abwasserverwaltungsvorschriften [AbwVwV]) 

transforms the qualitative specifications into corresponding emission standards. The Waste 

Water Directive contains different appendices with different emission standards for different 

industrial and non- industrial sectors and lines of business. For example, appendix 1 deals with 

waste water of households and municipalities, appendix 22 deals with waste water of the 

chemical industry in general, appendix 30 deals with waste water obtained by the production 

of soda and appendix 42 refers to waste water obtained by the electrolysis of alkali chlorine. 

Today, the Waste Water Directive contains 57 appendices. Furthermore, each appendix of the 

Waste Water Directive sets different emission standards for dischargers that treat their waste 

water via the municipality treatment plant (indirect dischargers) and dischargers that do not 

(direct dischargers). For instance, the appendix 22 (chemical industry) includes six parts (A to 

F). Part C (standards for waste water before discharging into lakes, rivers and canals) only 

refers to direct dischargers. And part D (standards for waste water before mixing with other 

waste water) refers to both direct and indirect dischargers. Table 4.1 contains examples of 

emission standards for direct discha rgers of the chemical industry in 1998. Often emission 

standards are fixed by milligram/litre and gram/ton. It is not allowed for firms to meet these 

values by watering down the effluent streams (WHG §3 (3)).  

 

The Water Management Act has been further amended twice (1986 and 1996) since 

the Federation made use of its competence to pass frame laws for the Länder. Thus, the Waste 

Water Directive had to be amended, too. There is a time lag of several years between the 

amendment of the WHG and the amendment of the Waste Water Directive. The amendment 

of the Waste Water Directive in 1982, 1992 and 1998 converted the qualitative conditions of 

the amendment of the WHG in 1976, 1986 and 1996 into corresponding emission standards. 

The amendment of appendix 22 of the Waste Water Directive in 1992 tightened the emission 

standards of the former appendix 22 of 1982 considerably. It tightened the values of the COD-

parameter, introduced the AOX-parameter and some further parameters such as nitrogen and 

phosphorus. The tightening of emission standards was favoured by the framework conditions 

we have already described in box 3.2. In contrast, the amendment of appendix 22 in 1998 did 

not result in a tightening of emission standards. 
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Table 4.1: Examples emission standards (1998) of appendix 22 for direct dischargers  
 

Emission standards  

Part C (standards for waste water before discharging into lakes, rivers and canals)  

For effluent streams with a value of the COD-parameter of: 

• more than 50,000 mg/l before waste water treatment an emission standard of 2,500 mg/l applies 

• more than 750 mg/l before waste water treatment a COD value applies that equals a reduction of 

the initial COD value by 90% 

• 750 mg/l or less an emission standard of 75 mg/l applies 

• less than 75 mg/l the actual value of the COD-parameter applies 

Emission standards that are not to be exceeded 

• for nitrogen: 50 mg/l 

• for phosphorus 2 mg/l 

Part D (standards for waste water before mixing with other waste water) 

AOX-parameter (examples): 

• Waste water obtained by the production of polyvinyl chloride has to meet a value of the AOX-

parameter of 5 g/t 

• Waste water obtained by the production of pharmaceutical substances has to meet a value of the  

AOX parameter of 8 mg/t 

Emission standards that are not to be exceeded 

• for mercury: 0.05 mg/l 

• for cadmium: 0.2 mg/l 

• for copper: 0.5 mg/l 

• for lead: 0.5 mg/l 

Source: AbwV, 1998, p.3919 

 

4.1.3.2 Directive for indirect dischargers and the setting of emission standards by 

licence authorities of the Länder 
 

The Water Management Act and the Waste Water Directive of the Federation provide a frame 

of emission standards for direct and indirect dischargers that may not be softened 

(Abwasserverordnung §1 (1)). Within that frame the Länder have two possibilities to set their 

own emission standards. First, the Länder can pass a Directive for Indirect Dischargers 

(Indirekteinleiterverordnung). This directive sets emission standards for indirect dischargers. 
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Not all Länder have made use of this possibility. Usually the emission standards of the 

Directive for Indirect Dischargers are adjusted to the emission standards of the Waste Water 

Directive. Second, the licence authorities of the Länder which are responsible for the 

enforcement of the Water Management Act and the Directive for Indirect Dischargers can set 

emission standards for both direct and indirect dischargers in order to account for local 

conditions. For instance, the water quality of a river may be so bad that it requires stricter 

standards than the Water Management Act. 

 

4.1.3.3 Statutes of municipalities 
 

Appendix 1 of the Waste Water Directive sets the emission standards for waste water 

treatment plants of municipalities. The statutes of municipalities can set emission standards 

for their indirect dischargers in order to keep the waste water treatment plant able to operate 

and to meet the emission standards of appendix 1. For instance, a municipality runs a waste 

water treatment plant with a low cleaning performance but has an indirect discharger which 

produces large amounts of harmful waste water. In order to meet appendix 1 the municipality 

has to get relatively tight emission standards for the firm that discharges its waste water via 

the municipality treatment plant. The emission standards for indirect dischargers in statutes of 

municipalities can result in an overlap with the emission standards of the Directive for 

Indirect Dischargers. If the emission standards of the Directive for Indirect Dischargers (and 

the licence authority) are tighter than those of the municipality the emission standards of the 

Directive for Indirect Dischargers (and the licence authority) will be valid. Emission 

standards of municipalities which are tighter than those of the Directive for Indirect 

Dischargers are usually not permitted. 

 

4.1.4 Emission charges 
 

4.1.4.1 The Waste Water Charges Act of the Federation 
 

As already mentioned, the Federation is authorised to pass frame laws for the Länder 

regarding issues dealing with the use of water resources (Constitution §75 (4)). Besides the 

Water Management Act the Waste Water Charges Act (Abwasserabgabengesetz [AbwAG]) 

refers to the Constitution §75 (4). The Waste Water Charges Act refers to direct dischargers. 
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The law was passed in 1976 but the discussion about the introduction of a waste water charge 

dates back to 1971: a new type of environmental regulation was to be introduced because of 

the increasing amount of water pollution in Germany (Berendes, 1995, p.6). 

 

Although, the Waste Water Charges Act was passed in 1976, waste water of direct 

dischargers was firstly charged in 1981 (AbwAG, §9 (4)). “The charge is based on the 

discharge permit limits agreed for each polluter, rather than actual emissions” (OECD, 1997c, 

p.40). In 1981, firms had to pay an amount of 12 DM per unit of pollution. One unit of 

pollution has been defined by specific values of a number of pollutants such as mercury and 

cadmium and specific measures such as COD (AbwAG, §3 (1)). If the polluting firm met the 

emission standards of the Water Management Act, the initial charge was reduced by 50 

percent for the firm (post-compliance charge) (AbwAG, §9 (5)). Thus, the AbwAG is closely 

bound up with the Water Management Act. The AbwAG aims to reduce the compliance time 

to the emission standards of the WHG. Besides the reduction of the charge some regional 

groups and industrial sectors could be exempted from the charge by the government 

(requiring the agreement of the Bundesrat) (AbwAG, §9 (6)). 

 

So far, the Waste Water Charges Act has been amended four times: 1984, 1986, 1990 

and 1994. On the one side, the waste water charge was increased by the amendments. One the 

other side, the amendments have continued to make exceptions which lead to a reduction of 

the initial waste water charge.  

 

The amendment of the AbwAG in 1984 did not result in significant changes of the 

initial AbwAG of 1976. In contrast, the amendment of the AbwAG in 1986 led to two 

significant changes. First, the pollution units were defined more comprehensively, including 

pollutants such as copper, chromium and lead (AbwAG, §3 (1)). Second, the amendment of 

the AbwAG in 1986 had to account for the amendment of the Water Management Act in 

1986. As already mentioned, the amendment of the Water Management Act in 1986 

distinguishes between “state-of-the-art-technologies” for dangerous substances and 

“commonly accepted technical standards”. Emission standards that refer to “state-of-the-art-

technologies” require a larger reduction of emissions than standards that refer to the 

“commonly accepted technical standards”. Probably therefore, the amendment of the AbwAG 
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in 1986 reduces the initial charge by 80 percent (!) if the polluting firm met the emission 

standards according to the “state-of-the-art-technologies” (Stand der Technik [SdT]) 

(AbwAG, §9 (6)). For emission standards according to the “commonly accepted technical 

standards” the reduction remained at 50 percent of its initial value if the firm met the 

standards. However, firms could reduce the initial level of the charge by more than 50 percent 

if their emissions are lower than the standards according to the “commonly accepted technical 

standards” (AbwAG, §9 (6)). The 1986 amendment of the AbwAG was put into force in 

1989. All exceptions of AbwAG §9 (6) implied that a polluting firm had to pay no charge at 

all (AbwAG 1976) or a very reduced charge for emissions into water (AbwAG 1976 and 

1986).  

 

The amendment in 1990 repealed AbwAG §9 (6). Thus the intended reduction of 

water pollution was no longer watered down by special exceptions of AbwAG §9 (6). 

However, the initial charge was now generally reduced by 75 percent if a firm met the 

emission standards of WHG (AbwAG, §9 (5)). This amendment was put into force in 1991. 

 

Finally, the amendment in 1994 altered post-compliance charges: Since 1999 firms 

have to pay 50 percent of the pre-compliance charge if they already meet the emission 

standards of the WHG. In table 4.2 the AbwAG and its amendments are summarised.  
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Table 4.2: Waste water charges of the AbwAG 
 

Year Pre-compliance  

charge (DM) 

AbwAG §9 (4) 

Post-compliance  

charge (DM) 

AbwAG §9 (5) 

Exceptions  

 

AbwAG §9 (6) 

1981 12* 6* 

1982 18* 9* 

1983 24* 12* 

AbwAG in 1976: groups of 

dischargers can be exempted until 

1990 

1984 30* 15*    

1985 36* 18*    

      

1986 40* 20* 

1987 40* 20* 

1988 40* 20* 

1989 40* 20* (aaRdT) 

   

   

   

Amendment in 1986 (put into force 

in 1989): if the firm complies to 

emission standards (SdT) the charge 

will reduced by 80%. If firms get 

below emission standards (aaRdT) 

the charge will be reduced by more 

than 50% 

      

1990 40* 20* (aaRdT) 

1991 50** 12.5** 

1992 50** 12.5** 

Amendment in 1990 (put into force 

in 1991): AbwAG §9 (6) will be 

repealed 

1993 60** 15**    

1994 60** 15**    

1995 70** 17.5**    

1996 70** 17.5**    

1997 70*** 17.5**    

1998 70*** 17.5**    

1999 70*** 35***    

2000 70*** 35***    

*AbwAG 1976  **AbwAG, amendment 1990 ***AbwAG, amendment 1994 

Source: Compilation by the author 

 

When assessing the incentives of AbwAG to water benign process innovations several 

dimensions have to be considered. 
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First, there are many contrasting effects within AbwAG. On the one side, the pre-compliance 

charge has been continuously increased since 1981. Furthermore, a unit of pollution was 

defined more comprehensively since 1981. On the other side, the post-compliance emission 

charge has been only a (small) percentage of the pre-compliance charge since 1981. Thus, 

waste water charges have provided low innovation incentives to reduce water pollution if a 

firm already met emission standards.  

 

Second, the system of emission standards of the WHG and the system of the AbwAG 

are directly intertwined. AbwAG may accelerate the compliance to emission standards of 

WHG. For the emission charge will be reduced if a firm complies to the emission standards of 

the WHG. And the WHG in turn increases the innovation incentives to water benign 

processes. For a firm will have to pay the higher pre-compliance charge if it does no longer 

comply to tightened emission standards of the WHG. Thus, the increased charge provides 

additional incentives to water benign process innovations. 

 

Third, the systems of emission charges and emission standards (of the Federation, 

Länder and municipalities) are indirectly intertwined. AbwAG §13 determines the use of 

revenues due to AbwAG. Revenues shall be used for the protection of water resources. This 

also includes the use of revenues for the implementation of the AbwAG. Thus, the waste 

water charge of the AbwAG improved the competence of the administrations of the Länder. 

Until the introduction of the effluent charge the degree of enforcement of the requirements of 

the Water Management Act was relatively low. The factory inspectorates that issued water 

pollution permits lacked manpower and financial resources in order to monitor and control 

water pollution by firms (Correia and Kraemer, 1997a, p.66). Waste water charge provided 

financial resources in order to increase the quantity and quality of staff. Thus the position of 

public authorities vis-à-vis polluting firms was strengthened (Correia and Kraemer, 1997a, 

p.67). Hence, incentives to water benign process innovations of the Water Management Act 

would have been lower without the emission charge of the Waste Water Charges Act. 
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4.1.4.2 Emission charges of municipalities 
 

In contrast to direct dischargers, the indirect dischargers usually have to pay a charge for 

emissions into water if they exceed emission standards. The charge is set by the respective 

municipality. Hence, individual indirect dischargers face very different emission charges. The 

variation of waste water charges is illustrated by table 4.3. The table contains average values 

for the single Länder. Unfortunately, there are no data available about the variation of waste 

water charges within the Länder. 

 

Table 4.3: Waste water charges (DM) for indirect dischargers (average values within 
the Länder) 

 

Bundesland 1996 1997 Change 

Baden-Württemberg 3.43 3.50 + 2.0% 

Bayern 2.87 2.93 + 2.1% 

Berlin 4.85 4.85 0.0% 

Brandenburg 5.29 5.90 +11.5% 

Bremen 4.70 5.25 +11.7% 

Hamburg 4.88 4.97 + 1.8% 

Hessen 5.30 5.39 + 1.7% 

Mecklenburg-

Vorpommern 

5.14 5.33 + 3.7% 

Niedersachsen 4.12 4.19 + 1.7% 

Nordrhein-Westfalen 4.70 4.80 + 2.1% 

Rheinland-Pfalz 3.76 3.86 + 2.7% 

Saarland 5.82 5.83 + 0.2% 

Sachsen 3.86 4.00 + 8.7% 

Sachsen-Anhalt 5.15 5.45 + 5.8% 

Schleswig-Holstein 3.90 3.82 - 2.1% 

Thüringen 3.96 4.54 + 14.6% 

Average 4.24 4.37 + 3.1% 

Source: Deutsche Vereinigung für Wasserwirtschaft, Abwasser und Abfall (ATV-DVWK) (1997, 
p.52) 
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4.1.4.3 Charges of local authorities for disposing sewage sludge 
 

The reduction of water pollution through end-of-pipe technologies causes sewage sludge (see 

box 4.1). Thus, the regulatory framework for sewage sludge also influences the efforts of 

firms to reduce waste water. In Germany, the use of sewage sludge for agriculture is not 

allowed unless the sewage sludge comes from waste water treatment plants of municipalities 

or from waste water treatment plants with similarly low levels of pollution (Directive for 

Sewage Sludge (Klärschlammverordnung) §4 (1)). For the disposal of sewage sludge firms 

have to pay a charge. The charge is determined by local authorities. It varies between local 

authorities and does not distinguish between direct and indirect dischargers. 

 

 

Box 4.1: The postponement of pollution 

 

Bayer AG produces about 55 millions m³ of waste water per year. Treatment of waste water by 

various purification plants prevents direct release of hazardous emissions into water but produces 

sewage sludge. Before 1988, about 90,000 tons of sludge had to be disposed every year. The 

incineration of sludge since 1988 has reduced the amount of sludge to 18,000 tons per year which have 

to be disposed on landfill sites. 

 

Source: Interview with an expert at Bayer AG 

 

What we have learned about the systems of regulations in Germany, can be summed up as 

follows:  

 

First, the German approach of environmental protection primarily consists of two 

principles: First, it is based on pollutant emissions. Nature´s load capacity is seen to be an 

insufficient criterion for environmental protection because of the lack of knowledge about 

environmental repercussions human activities may cause. Second, environmental protection 

means technical protection of the environment (Héritier, Knill, Mingers, 1996, p.40): 

According to the Water Management Act (Wasserhaushaltsgesetz [WHG]) a polluting firm 

only receives a permission for a water polluting production if it meets a certain technological 

standard which is associated with a limited amount and harmfulness of waste water (WHG 
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§7a (1)). Besides emission standards, emission charges also are technology-related because 

they depend on the compliance to the technology-related emission standards of WHG. 

 

Second, the federal character of Germany produces a variety of systems of standards 

and charges for emissions into water. However, Länder and municipalities are only allowed to 

set emission charges and emission standards within the frame of federal law.  

 

Third, Water Management Act and Waste Water Charges Act (which charges direct 

dischargers) are closely bound up. The same applies to emission standards and emission 

charges for indirect dischargers. Here, the charge will become zero if an indirect discharger 

meets the emission standards. Thus, careful interpretation is necessary when assessing the 

incentives of emission standards and emission charges to water benign process innovations. 

 

4.2 Policy pattern of environmental protection in the European Union 
 

4.2.1 Institutions of the European Union 
 

In the political system of the European Union five institutions play a key role: the European 

Council (comprising the heads of state and government of the member states and the 

President of the commission), the Commission, the Council of Ministers, the European 

Parliament, and the European Court of Justice (Wessels, 1996, pp.26-35). The European 

Council discusses matters relating to the further development of the European Union but can 

not pass legally binding decisions (Wessels, 1996, p.27). The Commission has the sole right 

of taking legislative initiatives (Wessels, 1996, p.31). These initiatives are prepared by 

thousands of standing and temporary committees (Héretier, Knill, Mingers, 1996, p.148). The 

Council of Ministers (comprising Ministers of the member state governments with the 

ministers selected according to the matter at hand) has the competence to definitely pass 

legally binding resolutions (Wessels, 1996, p.28). Here, the national viewpoints of the 

member states are the result of a complex process. In constituting the national viewpoints the 

Federal Parliament and the Federal Council play an important role in Germany (Wessels, 

1996, p.29). In contrast, the European Parliament only plays a minor role in lawmaking, 

although the competence in law making has been extended since the mid-1980s. The 

European Court of Justice rules on the interpretation and application of the treaties in disputes 
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between Community institutions, between the EU and member states and between the EU and 

individuals (Héretier, Knill, Mingers, 1996, p.150; Wessels, 1996, p.33). Here, a major field 

of work of the European Court of Justice are legal proceedings against member states which 

are instituted by the Commission. For instance, in 1994 the Community instituted more than 

900 proceedings (Wessels, 1996, p.33). 

 

4.2.2 Decision-making procedure and implementation of Community decisions  
 

As already mentioned, the Commission has the sole right of taking legislative initiatives. The 

proposals of the Commission are then examined by the Council of Ministers such as the 

Council of Ministers for environmental affairs. The European Parliament debates the 

proposals of the Commission and the common viewpoint of the Council of Ministers. And to 

a limited extent it has the possibility to influence the lawmaking procedure. However, the 

central role in the decision making process plays the Council of Ministers, because it is the 

Council that has the competence to definitely pass legally binding resolutions. The EU 

resolutions take the form of regulations, directives and decisions.  

 

Directives are binding only with regard to the objectives to be achieved by the member 

states of the Community (Hutchinson and Hutchinson, 1997, p.187). Member states are free 

to select the methods to meet the goals. This may involve the “translation” of single points of 

the Directive into national legislation, or the proof that existing legislation already meets the 

objectives of the Directive. Furthermore, Directives do not apply immediately. The member 

states will be given deadlines for the achievement of targets (Héretier, Knill, Mingers, 1996, 

p.149). In practice, the Directive is the most applied type of EU resolutions (Hutchinson and 

Hutchinson, 1997, p.149).  

 

In contrast to Directives, Regulations have legal force immediately (Wessels, 1996, 

p.37). They confer rights and impose obligations on individuals according to the EU Treaty, 

Article 189 (Hutchinson and Hutchinson, 1997, p.187). 

 

While Directives and Regulations are of a general nature, Decisions apply to a particular 

addressee, often single firms. These Decisions are binding only for them (Héretier, Knill, 

Mingers, 1996, p.149). 
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Although the Council of Ministers of the member state governments plays a decisive role in 

the formal lawmaking process, the negotiation phase does not exempt supranational influence 

because it is the Commission that determines the agenda in the Council of Ministers through 

its sole right of proposal (Héretier, Knill, Mingers, 1996, p.154). In contrast, the 

implementation of the passed laws belongs to the competence of the individual member 

states. The Commission itself has no executive competence. Thus, “in the implementation 

phase, the emphasis in European policy shifts from the supranational to the national level” 

(Héretier, Knill, Mingers, 1996, p.155). However, the Commission has a means of exerting 

pressure to enforce the implementation of EU resolutions: If it discovers infringement of 

Community decisions, it may institute legal proceedings before the European Court of Justice 

against member states that do not comply with the Treaties. 

 

4.2.3 Environmental law of the European Union 
 

The Single European Act (SEA 1986) was a major development in European environmental 

policy. Until the SEA, there was no explicit environmental law at the European level. The 

Treaties of Rome (1957) which established the Community did not deal with EU 

environmental policy. This was not surprising because the EU was originally designed to give 

impulses to economic co-operation (Héretier, Knill, Mingers, 1996, p.156). In order to tackle 

the increasing environmental problems dur ing the 1960s the Community searched for hidden 

possibilities within the actual frame of law. Subsequently, two articles which were originally 

intended to establish and secure the Common European Market were the basis for 

environment-related EU Directives (Röckinghausen, 1998, p.50; Héretier, Knill, Mingers, 

1996, p.156). Article 100 of the EEC Treaty enables the Community to issue directives in 

order to harmonise legal and administrative provisions to complete the Common European 

Market (Héretier, Knill, Mingers, 1996, p.156). And because divergent environmental 

regulations of the member states may hamper trade, environment-related directives can be 

justified on these grounds. Article 235 of the EEC Treaty allows for incremental supplements 

of the Treaties to achieve the goals of a Common European Market.  
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The Single European Act (which came into force in July 1987) provides the authority to 

legislate on environmental issues explicitly. The Article 130s establishes an original 

competence for the European environmental policy. Article 130r (1) contains the objectives of 

European environmental policy (Röckinghausen, 1998, p.51):  

 

• Preservation, protection and improvement of the quality of the environment. 

• Protection of human health. 

• Conservation and rationale use of natural resources. 

 

Article 130r (2) defines environmental protection as a cross-sectional task. Environmental 

protection is no isolated objective. It has to be integrated within other policies of the 

Community (Röckinghausen, 1998, pp.50-51).  

 

The Treaty of Maastricht which was put into force in November 1993 also laid down 

environmental protection as one of the basic objectives of the European Union.  

 

4.2.4 The relationship of EU legislation and German legislation to protect water 

resources 
 

In the field of water resources protection, Directives are the mostly applied type of EU 

resolutions. The first Directive aiming at protecting water resources was the Directive 

76/464/EEC in 1976 which dealt with dangerous substances. Subsequent Directives contained 

emission standards and quality targets with regard to particular substances such as mercury, 

cadmium and other harmful substances (Röckinghausen, 1998, p.28). As already mentioned, 

the implementation of EU resolutions belongs to the competence of the individual member 

states with Directives leaving it up to the member states to select the methods to meet the 

targets within a certain time period. In Germany, Directives dealing with water protection 

were implemented through the incorporation of emission targets in the German Waste Water 

Directive (Abwasserverordnung). For instance, the actual German Waste Water Directive 

(which was put into force in January 1999) also serves to “translate” various EU Directives 

into national emission standards. The EU Directives include for instance the Directive 

83/513/EEC (emission standards and quality targets for drawing out cadmium), the Directive 
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84/156/EEC (emission standards and quality targets for discharging mercury with exception 

of the sector “alkali electrolysis of chlorine”), the Directive 86/491/EEC (emission standards 

and quality targets for discharging certain dangerous substances according to the appendix of 

the Directive 76/464/EEC), the Directive 90/415/EEC (emission standards and quality targets 

for discharging 1,2-di-chlorine ethane, tri-chlorine ethane, tetra-chlorine ethane and tri-

chlorine benzol).  

 

Since the 1970s, about 30 Directives were passed to deal with different water issues in 

an ad hoc way. Because Community water policy was fragmented in terms both of objectives 

and means the European Parliament´s environment committee and the Council of 

environment ministers requested to address water issues in a coherent way. In response to 

this, the Commission presented a proposal for an EU Water Framework Directive in February 

1997. Key objectives of the Directive are among others (online in internet: 

http://www.europa.eu.int/water- framework/index_en.html/ [23.02.2001], 

http://www.umweltbundesamt.de/wasser/themen/5_99_wrrl.htm/ [23.02.2001]):  

 

• expanding the scope of water protection to surface waters and groundwater, 

• achieving a good status for all waters, 

• combined approach of emission standards (technology-related) and immission (quality) 

standards to remedy the potential flaws of both approaches: emission standards can allow 

a cumulative pollution load and quality standards can underestimate the pollution effect of 

a particular substance on water resources due to the lack of scientific knowledge about 

dose-response relationships, 

• adequate water pricing, 

• streamlining legislation: the Framework Directive allows to replace several Directives that 

date back to the beginning of European water legislation: Directive on surface water 

(75/440/EEC), the fish water, shellfish water, and groundwater Directives (78/659/EEC, 

79/923/EEC, and 80/68/EEC), and the Directive on dangerous substances discharges 

(76/464/EEC). 

 

The EU Water Framework Directive was passed on 22nd December 2000 and the member 

states have to reach its goals within the next 16 years. 
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The mentioned Directives elucidate that environmental regulations in Germany (and other 

member states) are increasingly influenced by developments at the level of the European 

Union. For the first time, the EU Water Framework Directive establishes a framework for 

Community action in the field of water policy. With regard to Germany however, it is unclear 

whether the EU Water Framework Directive will tighten national environmental regulations 

and hence pushes water protection process innovations in the future. First, the Directive only 

focuses on a small number of parameters. Second, it is unclear whether the established 

qualitative immission standards (which are the standards prevailing in the EU Water 

Framework Directive) require tightened emission standards in Germany (oral communication 

with a representative at the Federal Environment Agency).  
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5 Obtaining data: Applied methods and related issues 

 

This chapter is about the methods we used to obtain the data for the investigation. The first 

section describes the applied indicators to measure both water benign process innovations and 

the factors influencing them. The second section describes our sample of chemical firms and 

provides the reasons for our selection. In the third section we discuss issues that arise with 

using the applied methods. 

 

5.1 Applied indicators of water benign process innovations and explanatory factors  
 

This study has two major objectives. First we will investigate the pattern of process 

innovations of chemical firms to reduce waste water. Here, process innovation means the 

introduction of a water benign process technology which is improved or new from the 

viewpoint of an individual firm or respectively for an establishment of a firm. These 

technologies can be acquired externally or can be developed by internal resources. Here, we 

will also describe the role of specialised engineering firms as external technology suppliers 

and analyse what kind of chemical firms are most likely to develop waste water reducing 

process technologies in-house. And second, we will examine the factors that stimulate or 

impede process innovations of the chemical companies to reduce water pollution. 

 

The quantitative evaluation of corporate water benign process innovations and their 

influencing factors requires the selection of indicators representing the terms of the 

conceptual model. We had two important criteria for the selection of appropriate indicators: 

First, the indicators allow for data at the level of firms and their establishments. Second, the 

indicators allow to capture data separately for end-of-pipe and production-integrated 

technologies. 

 

5.1.1 Applied indicators of water benign process innovations  
 

In the literature one can find a host of indicators for process innovations and related activities. 

Usually, the variety of indicators will be categorised into two or three classes. Grupp (1998), 

for instance, distinguishes (i) input indicators, such as R&D personnel, internal R&D 

expenditures, and investment in R&D-intensive equipment, ma terials, compounds, (ii) R&D 
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output indicators, such as scientific publications, and patent applications, and (iii) progress 

indicators, such as innovation counts by questionnaires, factor productivity, and market 

shares. The relation of these indicators within the process innovation stages-scheme of 

diagram 3.1 is depicted by diagram 5.1.  

 

Diagram 5.1: Indicators of process innovation and innovation stages 
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Source: The diagram adapts Grupp, 1998, p.143 
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In particular, evaluation of patent applications and innovation counting by questionnaires 

allowed to capture data separately for end-of-pipe and production- integrated technologies at 

the level of firms and their establishments. Hence, we will use both indicators. Innovation 

counting allows to measure process innovation itself, whereas patent applications measure 

R&D output. Both indicators will be discussed in the following. 

 

5.1.1.1 Innovation counting by questionnaires: the dichotomous process innovation 

indicator 
 

The dichotomous process innovation indicator provides us with data about process 

innovations by directly asking firms. In the questionnaire we asked (separately for the time 

periods 1991 to 1995 and 1996 to 1998): 

 

 “Did your company introduce new or improved end-of-pipe technologies that treat 

waste water?” 

  

“Did your company introduce new or improved production-integrated technologies  

that avoid or reduce waste water?” 

 

The terms of end-of-pipe and production- integrated technologies may be interpreted 

differently by the firms of our sample. In order to reduce differences in interpretations we 

defined both classes of technologies: 

 

“End-of-pipe technologies that treat waste water: technologies that are added to unchanged 

chemical processes and that treat waste water.” 

 

“Production-integrated technologies that reduce waste water: technologies that alter or 

substitute current chemical processes and aim at reducing or avoiding production-related waste 

water and thus reduce or avoid sewage sludge.” 
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Furthermore we gave some examples for each class in the questionnaire to reduce the 

variance of interpretations: 

 

End-of-pipe innovations: 

 

 “waste water treatment plants that treat a larger number of pollutants than incumbent treatment 

plants.” 

 

Production- integrated innovations: 

 

“new syntheses”, 

“use of new catalysts”, 

“use of new solvents”, 

“change in operational settings”, 

“change in input material”. 

 

So far, the dichotomous process innovation indicator is a crude measure of process 

innovation, in particular for the large variety of production- integrated technologies. In order 

to obtain more detailed information about production- integrated innovations we asked the 

firms to specify the production-integrated efforts according to their technical characteristics 

(new syntheses, catalyst, solvent, change in operational settings, alternative input material) 

and environmental effects (reduction of COD, AOX, other substances, and the amount of 

waste water). 

 

5.1.1.2 Patent applications  
 

Patents have three distinctive features. First, they are property rights. The owner of a patent 

has the “exclusive right of exploitation of a precisely defined technical knowledge for a 

specific period of time” (Grupp, 1999, p.146). Second, patents are information. Patent 

documents contain a description and blueprints of the invention. Hence patents represent a 

codified part of technological knowledge giving everyone access to information about state-of 

the-art-technologies. The information acquired by non-patent holders may only be used for 

research. Third, patents are a measure of R&D output. 
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The procedure to protect corporate inventions through patents begins with the patent 

application. The patent application contains a description of the corporate invention. Usually, 

after one and a half year the content of the patent application is made public. In order to get a 

patent granted by the German Patent Office (GPO), the company has to ask for a test 

procedure. The firm receives a granted patent if its invention meets three conditions: the 

invention must include new technological knowledge which is not yet published or patented, 

the invention need to have a certain quality (inventive step) and the industrial applicability 

must be evident (Grupp, 1998, p.146). In order to maintain a granted patent the company has 

to pay yearly fees increasing with the number of years (the maintenance of patent protection is 

not more than 20 years). 

 

In our study we analyse patent applications and not granted patents because, in 

particular with regard to end-of-pipe technologies, the number of granted patents has been 

very low. Only by using the larger number of patent applications a pattern of technological 

change was observable. 

 

How did we get data separately for end-of-pipe technologies and production- integrated 

technologies that reduce water pollution? End-of-pipe technologies are recorded by the 

German Patent Office in the class C02F of the International Patent Classification (IPC): 

Treatment of water, waste water, sewage or sludge. This class is divided into six subclasses: 

 

• C02F - 1/00 Treatment of water, waste water, or sewage (3/00 to 9/00 take precedence) 

• C02F - 3/00 Biological treatment of water, waste water, or sewage 

• C02F - 5/00 Softening of water, Preventing scale; Adding scale preventatives  

or scale removers to water, e.g. adding sequestering agents 

• C02F - 7/00 Aeration of stretches of water 

• C02F - 9/00 Multistage treatment of water, waste water or sewage 

• C02F - 11/00 Treatment of sludge; Devices therefore. 

 

Production- integrated technologies can be further subdivided into technologies that reduce 

waste water at source and recycling technologies (see diagram 1.1). For both subclasses of 

technologies there is no specific patent class because processes are classified according to 
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their technical characteristics for example, rather than their environmental effects. Data about 

recycling technologies that reduce water pollution is obtained by using the following 

keywords in patent analysis: recyc l* (recycle), wiedergew* (reclaim), wiederverw* (re-use), 

rezyklier* (recycle), zurückf* (return), rückf* (return) and rückg* (recover). We used a 

variety of keywords to cover a broad range of recycling technologies and to account for the 

fact that different firms may use different terms within the main claims of the patent 

application15. In order to avoid double or triple counting of patent applications we checked the 

number of every application. The used keywords did not allow to identify whether the 

selected recycling technologies directly reduce water pollution or not. However, recycling 

technologies that directly reduce emissions into air and soil may indirectly reduce waster 

pollution. For less emissions into air for example, will result in less washing water because 

end-of-pipe treatment of these emissions will be avoided. Or, at a national or international 

level, less emissions into air reduce the pollution of water resources through rainfalls 

containing harmful substances. Thus, recycling technologies may at least indirectly reduce 

water pollution. In this sense, our calculated number of recycling technologies is an upper 

limit for recycling technologies that reduce water pollution. 

 

The distinction between end-of-pipe and production- integrated technologies should not be 

considered as totally dichotomous (Kemp, 1997, p.12). In our study it also turned out that 

some process technologies which we identified as recycling technologies were classified as 

waste water treating end-of-pipe technologies (C02F). In order to avoid double counting we 

subsumed these cases under the class of end-of-pipe technologies. 

 

Data about patent applications in the field of production- integrated technologies that 

reduce waste water at source could not be obtained because the main claim of the patent 

application does not indicate that emissions are avoided at source. Hence, the use of keywords 

was not possible. Diagram 5.2 takes up diagram 1.1 and depicts the classes of patents and 

keywords we used to obtain data about R&D at the firm level. 

 

                                                                 
15 In order to select valid keywords Grupp proposes to include linguistics in research in order to enlarge 
knowledge about how keywords are developed and accepted in scientific circles (Grupp, 1999, p.27). 



 91 

Diagram 5.2: Classes of patents and keywords to measure R&D that reduces water 

pollution 
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5.1.2 Applied indicators of explanatory factors 
 

As already mentioned, we used a postal survey to obtain data about the factors influencing 

process innovations that reduce water pollution. 

 

5.1.2.1 Firm response on objectives of water benign process innovations in 

questionnaires 
 

We followed the proposal of the Oslo-Manual (1997, p.69) and measured the reasons for 

water protection process innovations via the objectives of the firm (separately for end-of-pipe 

and production- integrated technologies): 

 

“What importance did the subsequent objectives have for all innovation activities between 

1996 and 1998 in the field of waste water treating end-of-pipe technologies (waste water 

reducing production-integrated technologies)?”  

 

(with 1 denoting no importance at all and 5 very large importance) 

 

Because the term “innovation” may be interpreted differently by firms of our sample we 

defined it in our questionnaire for the respondent firms: 

 

“We define innovation as the introduction of technologies that are new or improved from the 

viewpoint of your firm. These technologies can be either acquired externally or be developed 

by internal resources.” 

 

According to our conceptual model, we proposed the following objectives:  

 

“compliance with emission standards of supplement 22; compliance with emission standards 

of other supplements; compliance with emission standards of the Bundesland; compliance 

with emission standards of the municipality; anticipation of stricter emission standards in the 

future; reduction of waste water charges; reduction of sewage sludge to reduce disposal costs; 

reduction of input material; compliance with voluntary self-commitments; environmental 

policy of your company: reduction of possible conflicts with the neighbourhood, with non-

governmental organisations (NGOs), and with employees.” 
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5.1.2.2 Firm response on impediments to water benign process innovations in 

questionnaires 
 

Finally, the reasons that hamper water protection process innovations were measured by 

asking the firm to respond to the following question: 

 

“What importance did the subsequent reasons have for either not carrying out innovations at 

all or for not carrying out additional innovations between 1996 and 1998 in the field of waste 

water treating end-of-pipe technologies (waste water reducing production-integrated 

technologies)?” 

 

(with 1 denoting no importance at all and 5 very large importance) 

 

Again, the proposed items are selected according to our conceptual model. The impediments 

include:  

 

“Pay-back period too long; no need for innovations because emission standards are already 

met; focus on core business; lack of technology suppliers; lack of opportunities for co-

operation; lack of qualified personnel; technology does not belong to the technological 

competence of the firm; implementation of integrated technologies at the expense of end-of-

pipe technologies; integrated technologies take a long time to implement and do not eliminate 

the need for end-of-pipe technologies; no need for innovations because the plants are already 

cost-efficient.” 

 

So far, we described how we measured process innovations, related R&D and their 

influencing factors. The following section is about our objects of measurement: the chemical 

firms for both the postal survey and the patent analysis. 

 

5.2 Description of the sample of chemical firms and their establishments 
 

We limited our sample to chemical firms of West Germany (FRG) and excluded chemical 

firms of eastern Germany (former GDR). For, first, firms of both regions were working with a 

different age and composition of capital stock. For ins tance, the production of chemical 

substances was based on brown coal in the former GDR, whereas it was based on oil in West 
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Germany. Additionally, firms of West Germany have had to account for many environmental 

regulations when developing and operating new plants. Therefore, the knowledge base of 

firms of both regions was different before 1990. The existing knowledge base of firms in turn 

influences their capability to discover new technologies. Hence, for firms of both regions, the 

capability to discover new processes to reduce water pollution was fundamentally different 

even after the German Unification. Second, the different age and composition of the capital 

stock have produced a different quality of environmental pollution. In some regions of the 

former GDR such as Bitterfeld-Buna-Leuna, environmental pollution was extremely high. 

Thus, the importance of environmental regulations for the reduction of pollution can be 

expected to be systematically higher for firms of the former GDR. 

 

Before we describe the selection of the chemical firms we will briefly explain why 

chemical firms in West and East Germany had worked with different basic production-

technologies and why the quality of overall environmental problems of firms in both regions 

were so different. 

 

5.2.1 Focus on firms with a similar age and composition of capital stock and similar 

quality of overall environmental problems  
 

Chemical firms of the former GDR and West Germany had a different age and composition of 

the capital stock and had produced a different quality of environmental problems.  

 

Until 1990 the former GDR belonged to a group of centrally planned economies which 

included about one-third of the world´s population during the second half of the twentieth 

century (Angresano, 1991, p.359). These centrally planned economies were based on other 

philosophical ideas, political structure, principal institutions and management, and working 

rules for the behaviour of the economy than western market economies (Angresano, 1991, 

p.373-374).  

 

After the German Unification it turned out that equipment, pipes and plants of East 

German chemical firms were obsolete. The age and composition of the capital stock had been 

developed differently compared with market economies, because of a different availability of 

natural resources and different management and working rules for the behaviour of the 
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economy. The former GDR was a country with an abundance of brown coal. Therefore, the 

manufacturing of chemicals was based on domestic brown coal (oil, which was obtained by 

the Soviet Union was partially re-exported). Furthermore, factor prices (for labour and 

capital) were the outcome of political decisions rather than markets. Like factor prices 

consumer prices were the outcome of political decisions too. Thus, consumer preferences 

were observable in queues rather than product prices. These two politically controlled systems 

of prices influence the age and composition of the capital stock. Additionally, management 

and working rules did not permit firms to accumulate profits. Profits were completely taxed. 

Hence investments to modernise plants required governmental credits (Tomann, 1997, p.196). 

Thus the modernisation of the capital stock was a political process, too. Management and 

working rules hampered the modernisation of the capital stock in two further ways. First, the 

modernisation of production processes is accompanied by technical and economic uncertainty 

and uncertainty endangered the meeting of governmental plans. Thus, firms refrained from 

process innovations. Second, the government guaranteed company sales (Economic policy 

discourse No. 19, 1991, p. 40). Hence, there was no pressure to adjust processes and to 

increase their efficiency. 

 

Environmental damages which resulted from manufacturing, transporting, using and 

disposing chemical substances surpassed those of market economies such as the old FRG. The 

quality of overall environmental problems of the former GDR becomes apparent in large 

areas of contaminated soil for instance (Sinn and Sinn, 1992, p.34; Economic policy discourse 

No. 19, 1991, p.16-20). Partially, the described management and working rules were 

responsible for the large amount of pollution. They hampered the modernisation of the capital 

stock. Furthermore, environmental institutions of former communist countries such as the 

former GDR had neither stringently protected jurisdiction nor support from environmental 

pressure groups, the neighbourhood or independent media for example (Jänicke, 1997, p.10). 

In addition, consumers were not able to exert pressure on firms by replacing environmentally 

harmful products. 
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Because of the reasons mentioned it is not surprising that even eight years after the 

Unification both chemical sectors look so differently as depicted by table 5.1. In order to 

control for those differences we only focus on West German firms. 

 

Table 5.1: Economic performance of West and East German chemical firms in 1998 
 

German region Employees Employees / firm Turnover (DM) / 

employee 

Turnover by 

foreign trade/ 

turnover (%) 

West Germany 465,177 412 475,323 47.1 

East Germany 26,923 177 331,555 27.7 

Source: Statistisches Bundesamt, 1999, pp.177, 261, 273, 309, 405 

 

5.2.2 Classified sample of West German chemical firms and their establishments 
 

The selection of chemical firms is based on the company data base of the “Verband der 

Vereine Creditreform (VVC)”. VVC is the largest credit ranking agency in Germany. 

According to the data base of VVC, the chemical sector in West Germany contained 1698 

chemical firms having more than 19 employees in 1998 (see table 5.2, second column). In 

contrast, the German Federal Statistical Office (Statistisches Bundesamt) counts only 1127 

West German chemical firms with more than 19 employees (Statistisches Bundesamt, 1999, 

p.261). The rather large difference may be due to two factors: First, about 10 percent of the 

chemical firms which we selected with help of the VVC data base do not regard themselves as 

belonging to the chemical industry (see table 5.2, third and fourth column). Second, the 

German Federal Statistical Office classifies firms according to their main business activities 

in order to avoid double counting (Fachserie 4, Reihe 4.1.1, 1999, p.10). In contrast, by using 

the VVC data base we account for firms with at least one business activity which belongs to 

the chemical sector irrespective of its relative importance. 
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Table 5.2: Classified sample of West German chemical firms in 1998 
 

Classes according 

to firm size  

Total of West 

German chemical 

firms 

Selected firms  Adjusted sample  Respondent firms 

4999> 20 20 18 9 

500-4999 174 20 19 13 

50-499 844 20 16 5 

20-49 660 20 19 4 

Total 1698 80 72 31 

Source: Data base of the VVC; own survey 

 

In order to select the individual firms for the empirical investigation we classified the 

population of chemical firms into four groups according to the number of employees (see 

table 5.2, first column). Within each class we chose 20 firms randomly (within the class with 

more than 4999 employees the firms were selected with a probability of one). Hence the 

sample contains 80 chemical firms of different firm sizes. The idea behind that method of 

selection was twofold: First, by choosing at least the 20 largest chemical firms we cover a 

fairly large part of turnover and thus production and water pollution of the chemical industry 

because the business concentration within the chemical sector is very high. Thus, the 25 

largest firms (with respect to turnover) count for more than 50 percent of turnover of the 

overall sector (Statistisches Bundesamt, 1998, p.28). Hence, the largest share of chemical 

substances will be produced by a small number of large firms. As already mentioned in the 

second chapter, this is due to economies of scale (unit costs decrease with scale) in innovation 

and production in industrial chemistry. Economies of scale in innovation arise, for instance, 

because of positive spillovers between different R&D projects which are run within a large 

firm. Economies of scale in production arise because the equipment of chemical plants 

primarily consists of pipes and cylinders. Thus capital costs depend on the surface area of the 

pipes while capacity depends on the volume of the pipes (Freeman and Soete, 1997, p.98). 

Hence - as a rule of thumb - if capacity increases capital costs increase only by about one half. 

Second, establishing different classes of firm size is a precondition to examine whether results 

vary with firm size.  
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As already mentioned, 72 out of the 80 selected firms regard themselves as chemical firms. 

Altogether, 31 out of the 72 firms responded to our questionnaires. Response was particularly 

low within the last two classes: about three-fourth or four-fifth did not respond to our 

questionnaires. These firms refrained to respond because they (1) perceived our questionnaire 

as too thick, or (2) had a bottleneck of personnel, or (3) perceived the water pollution problem 

as not important for their firm because they produce low levels of effluent process waste and 

cleaning water. 

 

The 31 respondent firms were asked to refer their replies to only one establishment. Of 

course, the establishments were smaller than the firm itself. Table 5.3 (second column) shows 

the distribution of the 31 establishments according to the number of their employees. It is not 

surprisingly, that only 4 establishments include more than 4999 employees. The largest 

number of establishments of our sample include less than 5000 but more than 49 employees. 

 

Table 5.3: Size of establishments on which the firm replies refer to 
 

Size of establishments  

(employees) 

Respondent establishments  Approximate number of 

employees within each class 

5000 and above 4 81,140 

500-4999 13 30,060 

50-499 10 2,890 

20-49 4 110 

Total 31 114,200 

Source: Own survey and interviews with firms of the sample  

 

Although the number of selected establishments is small, it counts for nearly one-fourth of the 

West German chemical sector in terms of employees (see table 5.1, second column and table 

5.3, third column). Thus, the empirical results based on our sample are meaningful. 

 

As already explained in the third chapter, environmental regulations in Germany 

distinguish between direct and indirect dischargers. For both types of dischargers the mode of 

fixing standards and charges for emissions into water is different. Both systems are flexible. 

The Water Management Act just sets minimum standards. Hence, standards and charges may 
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vary between all establishments, irrespective of the type of discharger. In table 5.4 the 

distribution of dischargers is given with regard to our sample. Direct dischargers tend to be 

larger establishments. And some establishments are both direct and indirect dischargers. 

 

Table 5.4: Distribution of direct and indirect dischargers  
 

 Type of discharger 

Size of establishments  

(employees) 

 

Direct 

 

Indirect 

 

Direct and indirect 

4999> 3 1 - 

500-4999 5 6 2 

50-499 4 6 - 

20-49 - 3 1 

Total 12 16 3 

Source: Telephone interviews with firms of the sample (see appendix 1) 

 

5.3 Issues related to the applied methods  
 

5.3.1 Validity 
 

The most important property of measures is their validity. Validity is concerned with whether 

an indicator such as patent applications really corresponds to a latent variable such as R&D 

output (Bollen, 1989, p.184-206). We “test” for validity with help of judgements made in the 

literature.  

 

5.3.1.1 Validity of the patent application indicator 
 

The “patent application” indicator has two major properties that recommend it for measuring 

R&D output: First, patents directly relate to process innovations. Patent applications contain 

new knowledge with a certain degree of applicability. Second, patent applications are broken 

down by different fields of technology. This property is important to get valid R&D outputs 

for selected types of technology. However, interpretation of statistics based on patent 

applications has to account for some aspects: First, not every patent application contains 

information that actually is applied commercially. Hence just counting patents and thus 
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assuming equal economic value of patents is a simplification (but for practical reasons often a 

necessary one) (Harhoff et al., 1997). Second, the propensity to patent depends on the 

inventiveness of R&D outputs. Improved production processes are often the outcome of day-

to-day activities of process engineers. These incremental process innovations may not be 

subject to patent protection. And third, irrespective of the inventiveness of R&D outputs, 

industrial sectors have a different propensity to patent. If the propensity to patent is low, 

patent applications give little information about R&D efforts. 

 

In the chemical sector, many R&D outputs are subject to patent applications (Freeman 

and Soete, 1997, p.113). Thus, it is still convenient to take patent applications as indicator for 

R&D outputs in our study. However, it is likely that we measure more significant R&D 

outputs, neglecting incremental process improvements. 

 

5.3.1.2 Validity of the dichotomous process innovation indicator 
 

By asking whether an establishment uses a novel or improved process technology within the 

production fabric or not we obtain information about the process innovation itself. 

Information about the actual application of the discoveries of R&D is important because only 

the use of discoveries results in economic and environmental benefits.  

 

In the literature, particularly two issues are emphasised with regard to the 

interpretation of this dichotomous process innovation indicator. First, the evaluation of the 

company efforts are based on corporate self-estimates or self evaluation (Grupp, 1999, p. 

201). Some firms may denote an effort as process innovations while others may not. And 

second, the dichotomous process innovation indicator is very crude. It does not provide 

information about the extent of process innovations and their economic and environmental 

benefits. 

 

In order to reduce the subjectivity of the data in the questionnaire we provided a 

definition of the term “innovation” and gave examples of end-of-pipe and production-

integrated innovations that reduce industrial waste water. Thus, our most important objectives 

by using the dichotomous process innovation indicator will be attained: To provide basic 

information about both end-of-pipe and production- integrated innovations and to explore the 
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relative importance of the establishments´ reasons to carry out either end-of-pipe or integrated 

innovations. In order to obtain information about the extent of process innovations and their 

economic and environmental benefits we included a follow-up question in the questionnaire 

asking for the environmental benefits of the most important water protection process 

innovation the establishment carried out in the second half of the 1990s.  

 

5.3.1.3 Validity of the indicator of explanatory factors  
 

We use a questionnaire for a postal survey in order to obtain information about the  

importance of different factors influencing process innovations. Kleinknecht et al. 

(Kleinknecht, 1993, pp.153-188) investigated the validity of answers in questionnaires on that 

kind of information in order to develop a common questionnaire which resulted in a well-

known document called ”Proposed Guidelines for Collecting and Interpreting Technological 

Innovation Data” (OECD, 1997b). 

 

Among others they analysed whether the respondents provided valid answers to 

factors promoting and hampering innovations. First, they received evidence for an 

interpersonal bias (person A and person B of the same firm are asked independently and give 

different answers) and concluded that “[...] we cannot circumvent the problem that we 

probably do not measure the objectives [...] important to the firm, but rather the specific view 

of whoever happens to be the respondent” (Kleinknecht, 1993, p.161). And second, they 

mentioned the problem of “average” answer. This problem will arise if the firm has several 

innovation projects running simultaneously where different objectives and bottlenecks may be 

important. “Hence, when asked about the bottlenecks experienced by the firm, the 

respondents are forced to give some “average” answer across the various projects” 

(Kleinknecht, 1993, p.167). 

 

In our study, we did not systematically test for interpersonal bias. However, in follow-

up interviews with some respondents it turned out that in small and medium-sized firms (firm 

with less than 500 employees) the questionnaire was actually filled in by the person we 

contacted by telephone before sending the questionnaire - the managing director or the plant 

manager. Because these persons decide whether to introduce a new or improved water benign 

process technology they know best the factors influencing water benign process innovations. 
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In larger enterprises we tried to choose (by telephone) the most suitable respondent or 

responsible person for co-ordinating the replies if several people were involved – often an 

executive of the corporate environmental technology department. He may have the best 

overview about what has happened in environmental technologies and why it has happened.  

 

The problem of “average” answer is reduced by three steps in our study. First, the 

answers only refer to one establishment rather than to the whole firm. Second, the answers 

only refer to the last three years. And third, the answers refer to two very special fields of 

innovation projects – namely projects that aim to reduce industrial waste water either by end-

of-pipe or production- integrated technologies. 

 

5.3.2 Response to questionnaires in postal surveys 
 

Face-to-face interviews require skilled personnel carrying out the interviews. In addition, 

travel costs will be high if the respondent firms are spatially distributed. Therefore, we 

decided for a postal survey which is comparatively less expensive. However, the 

comparatively lower unit response rate is an important issue in postal surveys (OECD, 1997b, 

pp.95-96). If the unit response is too low the empirical results loose in meaningfulness. We 

tried to increase the unit response rate by (1) getting into telephone contact, (2) sending a 

cover letter (which states the rationale for the study) and (3) promising to send the 

respondents the main findings of the current postal survey. By doing so, we tried to secure 

interest and consent to participate in the postal survey. Table 5.2 shows that we had a fairly 

high unit respondent rate among the larger firms. 

 

5.3.3 Size of the survey sample 
 

The number of firms we selected was small. However, when looking on the number of 

employees who work for the firms´ establishments of our sample the result is different. The 

selected establishments count for nearly one-fourth of the total of employees of the West 

German chemical sector (see table 5.3). Thus, the empirical results based on our sample are 

meaningful. Furthermore, concentrating on a small number of rather important firms had two 

distinctive advantages. First, the small sample enabled us to carefully select the most suitable 

respondent in each firm. That increased the quality of answers and the unit response rate. 
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Second, we were able to carry out follow-up telephone interviews with each respondent to 

clarify surprising answers or to reduce item non-response. 
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6 Process innovations to reduce industrial waste water 

 

This chapter analyses the efforts of German chemical firms to reduce industrial waste water. 

Section 6.1 investigates waste water reducing process innovations of chemical establishments, 

i.e. the implementation of water protection process technologies that are improved or new to 

the individual establishment. Furthermore, this section describes the technological 

characteristics and environmental benefits of production- integrated innovations that were 

important to the selected establishments. Usually, process innovations require some internal 

R&D or external knowledge sources. Therefore, section 6.2 analyses (1) in-house R&D 

activities of chemical firms, (2) the efforts of outside suppliers to develop new water 

protection process technologies, and (3) illustrates co-operation projects between chemical 

establishments and outside suppliers that successfully reduced industrial waste water. It has 

been argued that R&D activities and innovation are predominated by large firms for a variety 

of reasons (Symeonidis, 1996, p.43; Freeman and Soete, 1997, pp.234). Some important 

reasons are for instance that (1) large firms have sufficiently large sales to cover the large 

fixed costs of R&D projects, (2) there exist economies of scale in the production of 

innovation because of positive spillovers between different R&D projects within a firm, (3) 

large firms have less difficulties to obtain funds for R&D than smaller firms and have to pay 

lower interest rates. We try to analyse this size- innovation relationship (which was brought 

into mainstream economics by Joseph A. Schumpeter (1993, pp.135 and 192)) for water 

protection process innovations in the chemical industry. Throughout the chapter we 

distinguish end-of-pipe and production- integrated technologies. 

 

6.1 Process innovations of chemical firms to reduce water pollution 
 

Only the introduction of new water benign process technologies leads to economic and 

environmental benefits for the firm or establishment. Therefore, the implementation of the 

process is the most important innovation stage. Within the following subsections we describe 

the innovation efforts of chemical establishments to reduce their waste water. Furthermore, 

we analyse a certain aspect of empirical reality with regard to the Schumpeterian hypothesis, 

namely whether the proportion of innovative establishments is higher among the class 
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including the largest 4 establishments than among the remaining three classes including 27 

establishments. 

 

We compare these groups of establishments because it turned out that the largest 

chemical firms were those that applied patents in the field of water protection process 

technologies while the remaining firms of our sample hardly did. Hence, it is interesting 

whether a similar relationship exists with respect to the implementation of new water 

protection process technologies. 

 

6.1.1 End-of-pipe technologies 
 

Between 1991 and 1998 about two-thirds of the establishments of our sample introduced new 

or improved end-of-pipe technologies that protect water resources. And the proportions of 

innovative establishments were different among the establishments of different size (see table 

6.1). But do the sample findings support the hypothesis that the proportion of innovative 

establishments is higher among the largest 4 establishments than among the remaining 27 

establishments? To answer this question we apply Fisher´s Exact Probability Test which is 

used in 2 x 2 frequency tables when the expected frequency is too sma ll to trust the use of the 

chi-square test (Schaich, 1984, pp.143-147; and Vogt, 1999, p.112). We established the 

following null hypothesis: the proportion of innovative establishments within the three classes 

of smaller establishments is at least as large than the proportion within the class of the largest 

establishments. Thus, rejection of the null hypothesis will confirm a positive relationship 

between the proportion of innovative establishments and their size. Instead of fixing 

arbitrarily the level of significance (which indicates the probability of erroneously rejecting 

the true null hypothesis) we follow arguments of Gujarati (1995, p.133) and choose the p 

value of the test statistic to “leave it to the reader to decide whether to reject the null 

hypothesis at a given p value” (Gujarati, 1995, p.133). The p value is defined as the lowest 

significance value at which the null hypothesis can be rejected. Here, the calculated p value is 

0.123, i.e. rejecting the null hypothesis (or confirming the hypothesis) means taking chance of 

being wrong in 12.3 percent of the cases. 
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Table 6.1: Size of establishments and end-of-pipe innovations that treat waste water 
and sewage sludge (1991-1998) 

 

  Size of establishments   

  5000 and above 20-4999 Total 

Yes 4 15 19 End-of-pipe 

innovators  No 0 12 12 

 Total 4 27* 31 

* Including one establishment which has existed only since 1994 and two establishments which have existed 
only since 1997 
 

Source: Own survey (see appendices 1 and 2) 

 

6.1.2 Production-integrated technologies 
 

In the field of production- integrated technologies the picture looks similar. Again, between 

1991 and 1998 about two-thirds of the firms of our sample introduced a new or improved 

production- integrated technology to reduce water pollution. And again, the proportion of 

innovative establishments was different among establishments of different size (see table 6.2). 

But do the sample findings support the hypothesis that the proportion of innovative 

establishments is higher among the largest 4 establishments than among the remaining 27 

establishments? Here, we calculated a p value of 0.154 with respect to the null-hypothesis, i.e. 

rejecting the null hypothesis (or confirming the hypothesis) means taking chance of being 

wrong in 15.4 percent of the cases. Thus, the risk of erroneously confirming the hypothesis is 

a bit higher than in the case of end-of-pipe technologies. 
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Table 6.2: Size of establishments and production-integrated innovations that reduce 
waste water (1991-1998) 

 

  Size of establishments   

  5000 and above 20-4999 Total 

Yes 4 16 20 Integrated 

innovators  No 0 11 11 

 Total 4 27* 31 

* Including one establishment which has existed only since 1994 and two establishments which have existed 
only since 1997 
 

Source: Own survey (see appendices 1 and 2) 

 

In order to get a better idea about the technical nature of production- integrated innovations the 

innovative establishments were asked to specify their most important production-integrated 

innovation during the last three years (1996-1998). Altogether, 13 innovative establishments 

responded. In most establishments the production-integrated innovation consisted of a change 

in operational settings or was linked to it. A change in solvents or input material rarely 

occurred (see table 6.3). 

 

Table 6.3: Examples of production-integrated technologies implemented by chemical 
establishments (1996-1998) 

 

Cases Number of cases 

Change in operational settings and change of the 

chemical reaction, the catalyst etc. 

 

5 

Change of operational settings 

 

6 

Change of solvent 

 

1 

Change of input material 1 

Source: Own survey (see appendices 2 and 3) 

 

On average, the reduction of the value of the AOX-parameter was most difficult to achieve 

with production- integrated innovations (see table 6.4, second column). Furthermore, the 
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success of different establishments to reduce water pollution was most different with respect 

to the value of the AOX-parameter (see table 6.4, third column). Highest reductions were 

achieved with regard to the amount of waste water. Here, the success of the individual 

establishments was most similar. 

 

Table 6.4: Examples for environmental benefits of production-integrated technologies 
implemented by chemical establishments (1996-1998) 

 

Environmental parameter and 

amount of waste water 

Mean of reduction in percent 

(approximate estimation) 

Standard deviation divided by 

the mean (in percent) 

COD 30 120 

AOX 5 160 

Amount of waste water 31 80 

Source: Own survey (see appendices 2 and 3) 

 

6.2 Internal and external sources of process innovations to reduce water pollution 
 

Process innovations require some internal R&D or external knowledge sources. Therefore, the 

following subsections analyse (1) in-house R&D activities of chemical firms, (2) the efforts of 

outside suppliers to develop new water protection process technologies, and (3) illustrate co-

operation projects between chemical establishments and outside suppliers that successfully 

reduced industrial waste water. 

 

6.2.1 Internal sources 
 

We focus on two types of internal sources. First, the establishment itself may engage in R&D. 

Second, the establishment may absorb R&D results from other establishments of the same 

firm. Thus, we analyse R&D at firm level rather than establishment level. In order to analyse 

R&D activities we use patent applications as indicator. During the following sections the 

reader should have in mind that R&D activities of the selected chemical firms are higher than 

indicated by our patent analysis because by using patent applications we measure significant 

R&D results, neglecting incremental improvements (see section 5.3.1).  
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6.2.1.1 R&D in the field of end-of-pipe technologies 
 

With regard to patent activities in the field of waste water reducing end-of-pipe technologies 

the results are very clear (see table 6.5). Our sample supports the hypothesis that the 

proportion of firms that applied for patents in the field of end-of-pipe technologies is higher 

among the largest 9 firms than among the remaining 22 firms at a very low risk: the 

calculated p value with respect to the null-hypothesis is 0.0007, i.e. confirming the hypothesis 

means taking chance of being wrong only in 7 out of 10,000 cases! 

 

Table 6.5: Size of firms and patent applications in the field of end-of-pipe technologies 
that treat waste water and sewage sludge (1991-1998) 

 

  Size of firms   

  5000 and above 20-4999 Total 

Yes 6 1 7 Patent  applicants 

(end-of-pipe) No 3 21 24 

 Total 9* 22 31 

* Including former Hoechst, Frankfurt (including among others actual Aventis Pharma, Frankfurt, InfraServ, 
Frankfurt and parts of actual Clariant, plus the central R&D department) in the years 1991-1997, and 
Aventis, Frankfurt (including among others actual Aventis Pharma, Frankfurt, Infraserv, Frankfurt and Aventis 
Research & Technologies (former central R&D department of Hoechst) in 1998 
 
Source: Own patent analysis  
 

And among the 9 largest firms the three giant chemical firms BASF, Bayer and Aventis 

(former Hoechst) count for nearly all patent applications in the 1990s (see table 6.6, last 

column). Hence, there is suggestive16 evidence for the hypothesis that in particular the largest 

chemical firms develop and apply for patents in the field of end-of-pipe technologies. Since 

the 1960s firms like BASF, Bayer and Aventis have implemented many waste water treatment 

plants in various establishments and have accumulated knowledge about technological 

processes to reduce waste water (Bayer-Umweltperspektive, 1987, p.22). In particular in the 

late 1970s and 1980s these firms developed radical end-of-pipe technologies to reduce 

industrial waste water. An important example is the “tower biology” (Turmbiologie) 

developed by Bayer (Bayer-Umweltperspektive, 1987, pp.21-26). And this knowledge basis 

in turn positively affected waste water reducing discoveries in the 1990s. 

                                                                 
16 We do not test the hypothesis statistically but the the data suggest certain conclusions. 
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Most patent applications are classified within the field C02F-1 which contains all those patent 

applications that cannot be assigned to the classes C02F-3 to C02F-11. And within C02F-1, 

the patent applications of the chemical firms especially referred to the treatment of water, 

waste water and sewage by (1) oxidation, (2) removing specified dissolved compounds (e.g. 

heavy metal compounds), (3) extraction, (4) sorption, (5) flocculation or precipitation of 

suspended impurities, and (6) iron-exchange. 

 

Table 6.6: Patent applications of chemical firms in different fields of end-of-pipe 
technologies that treat waste water and sewage sludge (1991-1998) 

 

Firm C02F-1 C02F-3 C02F-5 C02F-7 C02F-9 C02F-11 Total 

BASF, Ludwigsh. 20 - 1 - - 2 23 

Bayer, Leverkusen 14 1 2 - 2 3 22 

Hoechst, Frankfurt* 

including Aventis** 

9 5 - - 1 1 16 

Schering, Berlin 1 - - - 1 - 2 

Wacker Burghausen 1 - - - - - 1 

Ciba Specialty, Basel - - - - - 1 1 

Kronos-Titan, 

Leverkusen 

1 - - - - - 1 

* former Hoechst, Frankfurt (including among others actual Aventis Pharma, Frankfurt, InfraServ, Frankfurt and 
parts of actual Clariant, plus the central R&D department) in the years 1991-1997 
** Aventis, Frankfurt (including among others actual Aventis Pharma, Frankfurt, Infraserv, Frankfurt and 
Aventis Research & Technologies (former central R&D department of Hoechst) in 1998 
 
Source: Own patent analysis  
 

The giant firms BASF, Bayer and former Hoechst (now Aventis) were responsible for most of 

the patent applications in the field of end-of-pipe technologies. However, these patent 

applications were only a minor fraction of all patents that were applied by these three firms 

between 1991 and 1998 (see table 6.7). 
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Table 6.7: The importance of patent applications in the field of end-of-pipe 
technologies that treat waste water and sewage sludge for the largest 
chemical firms (1991-1998) 

 

Firm Number of patent 

applications: end-of-

pipe technologies 

(1) 

Total number of 

patent applications  

 

(2) 

(1) / (2) in (%) 

BASF, Ludwighafen 23 5195 0.44 

Bayer, Leverkusen 22 4378 0.50 

Hoechst* including 

Aventis**, Frankfurt 

16 2612 0.61 

* former Hoechst, Frankfurt (including among others actual Aventis Pharma, Frankfurt, InfraServ, Frankfurt and 
parts of actual Clariant, plus the central R&D department) in the years 1991-1997 
** Aventis, Frankfurt (including among others actual Aventis Pharma, Frankfurt, Infraserv, Frankfurt and 
Aventis Research & Technologies (former central R&D department of Hoechst) in 1998 
 
Source: Own patent analysis  
 
 
6.2.1.2 R&D in the field of production-integrated technologies 
 

Production- integrated technologies can be further subdivided into technologies that reduce 

waste water at source and recycling technologies. Data about patent applications in the field 

of recycling are obtained by us ing keywords. The calculated numbers can be regarded as 

upper limits for recycling technologies that reduce water pollution (see section 5.1.1.2). Data 

about process technologies that reduce waste water at source could not be obtained because 

the main claim of the patent application does not indicate whether emissions are avoided at 

source or not. Thus, the use of keywords was not possible (see section 5.1.1.2).  

 

The picture of R&D activities in the field of recycling technologies looks similar to 

that of end-of-pipe technologies (see table 6.8). Our sample supports the hypothesis that the 

proportion of firms that applied for patents in the field of recycling technologies is higher 

among the 9 largest firms than among the remaining 22 firms at the same low risk as in the 

case of end-of-pipe technologies (p value of 0.0007 with respect to null-hypothesis). 
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Table 6.8: Size of firms and patent applications in the field of recycling technologies 
(1991-1998) 

 

  Size of firms   

  5000 and above 20-4999 Total 

Yes 6 1 7 Patent applicants 

(recycling) No 3 21 24 

 Total 9* 22 31 

* Including former Hoechst, Frankfurt (including among others actual Aventis Pharma, Frankfurt, InfraServ, 
Frankfurt and parts of actual Clariant, plus the central R&D department), in the years 1991-1997, and 
Aventis, Frankfurt (including among others actual Aventis Pharma, Frankfurt, Infraserv, Frankfurt and Aventis 
Research & Technologies (former central R&D department of Hoechst) in 1998 
 
Source: Own patent analysis  
 

And again, within our sample, the three giant firms BASF, Bayer and Hoechst (now Aventis) 

count for nearly all patent applications in the field of recycling technologies in the 1990s (see 

table 6.9). Hence, there is also suggestive evidence for the hypothesis that in particular the 

largest chemical firms develop and apply patents in the field of recycling technologies. These 

firms have central R&D departments including several hundreds of natural scientists, 

engineers and laboratory personnel to generate new recycling processes.  

 

In contrast to end-of-pipe technologies recycling technologies play a larger role within 

the R&D portfolio of the three largest firms (see table 6.10). This is not surprising. The 

optimisation of production processes (including the recovery and exp loitation of joint 

products) to reduce production costs has played an important role since the beginning of 

industrial chemistry. Chemical firms cumulated a lot of knowledge in the optimisation of 

production processes. Relatively new to chemical firms is just the direction of optimisation 

towards the protection of environmental resources such as water. 
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Table 6.9: Patent applications of chemical firms in the field of recycling technologies 
(1991-1998) 

 

Firm Number of patent applications:  

recycling technologies 

BASF, Ludwigshafen 105 

Bayer, Leverkusen 69 

Hoechst*, including Aventis**, Frankfurt 40 

Schering, Berlin 3 

Wacker, Burghausen 2 

B.Braun Melsungen, Melsungen 1 

Kronos-Titan, Leverkusen 1 

* Former Hoechst, Frankfurt (including among others actual Aventis Pharma, Frankfurt, InfraServ, Frankfurt and 
parts of actual Clariant, plus the central R&D department) in the years 1991-1997 
** Aventis, Frankfurt (including among others actual Aventis Pharma, Frankfurt, Infraserv, Frankfurt and 
Aventis Research & Technologies (former central R&D department of Hoechst) in 1998 
 
Source: Own patent analysis  
 

Table 6.10: Importance of patent applications in the field of recycling technologies for 
the largest chemical firms (1991-1998) 

 

Firm Number of patent 

applications: recycling 

technologies 

(1) 

Total number of 

patent applications  

 

(2) 

(1) / (2) in (%) 

BASF, Ludwighafen 105 5195 2.02 

Bayer, Leverkusen 69 4378 1.58 

Hoechst* including 

Aventis**, Frankfurt 

40 2612 1.53 

* Former Hoechst, Frankfurt (including among others actual Aventis Pharma, Frankfurt, InfraServ, Frankfurt and 
parts of actual Clariant, plus the central R&D department) in the years 1991-1997 
** Aventis, Frankfurt (including among others actual Aventis Pharma, Frankfurt, Infraserv, Frankfurt and 
Aventis Research & Technologies (former central R&D department of Hoechst) in 1998 
 
Source: Own patent analysis  
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6.2.2 External sources 
 

Although process innovation is no isolated activity the development of new chemical 

processes has been dominated by the large chemical companies since the First World War. 

This is due to a combination of factors including the shift from batch to flow processes, the 

application of catalytic processes, the complex and costly scale-up process and the use of 

petrochemicals as raw material (Freeman and Soete, 1997, p.100). After the Second World 

War, a new market for engineering and construction services has emerged. The majority of 

chemical plants erected were constructed and built up by specialised technology suppliers 

(Freeman and Soete, 1997, p.100). While specialised suppliers dominate plant construction 

and “online” process improvements, large chemical firms still dominate the development of 

new production processes. Only large specialised technology suppliers such as Linde or Lurgi 

do R&D “off- line” to develop new processes now and then (Freeman and Soete, 1997, p.102). 

Thus, the rise of a market for engineering and construction services increased the 

opportunities for chemical companies to procure knowledge externally. In the following, we 

analyse whether this pattern of division of labour in development and engineering activities 

also applies to water benign process innovations. 

 

6.2.2.1 R&D of outside suppliers in the field of end-of-pipe technologies 
 

The patent analysis included all specialised outside suppliers that exhibited process 

technology on the international trade fair “Technology for Environmental Protection and 

Waste Management, Düsseldorf (Germany)”. There were several dozens of outside suppliers 

that had at least some patent applications in the field of end-of-pipe technologies that reduce 

water pollution. However, only some larger specialised engineering firms (SEFs) such as 

Envicon, Linde or Preussag had the technical strength to apply for several patents (see table 

6.11). In contrast to chemical firms, outside suppliers focused on developments in biological 

waste water treatment (C02F-3) and on treatment of water, waste water or sewage by 

degassing, i.e. liberation of dissolved gases (subclass of C02F-1). Hence, we have a division 

of labour in end-of-pipe developments. While chemical firms focus on developments to treat 

water and waste water by oxidation for example, outside suppliers clearly concentrate on 

developments in biological waste water treatment. And not surprisingly, the status of patent 

applications in the field of end-of-pipe technologies is different for chemical firms and 
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outside suppliers. The proportion of patent applications in waste water reducing end-of-pipe 

technologies in patent  applications is very small in the chemical sector (between 0.44 and 

0.61 percent). In contrast, the proportion is significantly higher for outside suppliers. And for 

some outside suppliers such as Envicon, waste water reducing end-of-pipe technologies 

belong to their core technology (see table 6.12). 

 

Table 6.11: Patent applications of selected SEFs* in different fields of end-of-pipe 
technologies that treat waste water and sewage sludge (1991-1998) 

 

Firm C02F-1 C02F-3 C02F-5 C02F-7 C02F-9 C02F-11 Total 

Envicon, Dinslaken 2 19 - 1 - - 22 

Linde, Wiesbaden 

incl. Linde-KCA 

5 7 - - - 3 15 

Preussag** 10 2 - - 2 1 15 

Züblin, Stuttgart 5 3 - - - 2 10 

Norddeutsche 

Seekabelwerke, 

Nordenham 

- 7 - - - - 7 

Herhof 

Umwelttechnik, 

Solms Niederbiel 

- 3 - - 1 2 6 

Messer Griesheim, 

Frankfurt 

3 3 - - - - 6 

Rheinbraun, Köln - 4 - - 2 - 6 

Rhebau, Dormagen - 5 - - - - 5 

WABAG, Kulmbach 4 1 - - - - 5 

* SEFs with at least 5 patent applications 
** Including Preussag Noell Wassertechnik, SBF Wasser und Umwelt, Salzgitter Anlagenbau, Preussag 
Anlagenbau 
 
Source: Own patent analysis  
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Table 6.12: The importance of patent applications in the field of end-of-pipe 
technologies that treat waste water and sewage sludge for chemical firms 
and SEFs (1991-1998) 

 

Firm Number of patent 

applications: end-of-

pipe technologies 

(1) 

Total number of 

patent applications  

 

(2) 

(1) / (2) in (%) 

Envicon, Dinslaken 22 26 84.62 

Linde, Wiesbaden incl. 

Linde-KCA 

15 923 1.63 

Preussag* 15 50 30.00 

Züblin, Stuttgart 10 90 11.11 

* Including Preussag Noell Wassertechnik, SBF Wasser und Umwelt, Salzgitter Anlagenbau, Preussag 
Anlagenbau 
 
Source: Own patent analysis  
 

6.2.2.2 R&D of outside suppliers in the field of production-integrated technologies 
 

With regard to end-of-pipe technology SEFs apply for about the same number of patents like 

the big three firms BASF, Bayer and former Hoechst. For some SEFs, end-of-pipe technology 

that treats waste water and sewage sludge belongs to their core technology. In contrast, in the 

field of recycling technologies SEFs make far less patent applications than the three large 

chemical firms (see table 6.13). Only Linde (including Linde-KCA) applied for several 

patents in the field of recycling technologies. At Linde the status of R&D in the field of 

recycling technologies within the R&D portfolio is similar to that of the most important 

chemical patent applicants: 1.84 percent of all patents applied by Linde refer to recycling 

technologies. 
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Table 6.13: Patent applications of selected SEFs in the field of recycling technologies 
(1991-1998) 

 

Firm Number of patent applications:  

recycling technologies 

Linde, Wiesbaden including Linde-KCA 17 

Rheinbraun, Köln 7 

Messer Griesheim, Frankfurt 3 

Züblin, Stuttgart 1 

Herhof Umwelttechnik, Solms Niederbiel 1 

Source: Own patent analysis  

 

6.2.2.3 Co-operation projects between innovative chemical establishments and outside 

suppliers  
 

The analysis of patent applications of outside suppliers provided information about applied 

research and development activities of specialised engineering firms in the field of 

technologies that help to reduce water pollution. Yet, we did not analyse engineering and 

construction services of these firms. Systematic analysis of this issue was impossible. Instead, 

we illustrate the role of SEFs in innovation projects of chemical firms by means of six co-

operation projects that successfully reduced water pollution. Here, we only give some stylised 

information about what the co-operation projects were looking like. Nevertheless, some 

differences between co-operation projects dealing with end-of-pipe technologies on the one 

side and production- integrated technologies on the other can be recognised.  

 

In the field of end-of-pipe technologies specialised engineering firms supplied slightly 

modified “standard” technologies or equipment and were responsible for the erection or 

rebuilding of waste water treatment plants (including the organisation of subcontractors) (see 

table 6.14, fourth column). At Bayer and BASF outside suppliers often co-operate with 

specialised technology subdivisions that only deal with waste water issues. These 

subdivisions engage in R&D which includes laboratory research and the running of waste 

water treatment pilot plants (see table 6.14, third column).  
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In the field of production- integrated technologies, specialised outside suppliers engage in 

development and engineering (e.g. working out of reaction conditions and the development of 

equipment in which chemical processes are carried out) rather than supplying standard 

technologies (see table 6.14 fourth column). 

 

Table 6.14: Division of labour in water protection process innovations  
 

Establishment Technology In-house External: SEF 

BASF, establishment 

Ludwigshafen 

End-of-pipe: removal of 

nitrogen by biological 

processes 

Development and 

engineering by a 

specialised waste water 

technology group 

Supply of equipment to 

supply sewage with 

oxygen; rebuilding of a 

waste water treatment 

plant 

Aventis CropScience, 

establishment Frankfurt 

End-of-pipe Pre-tests of different 

waste water 

technologies within the 

actual treatment plant 

 

Supply of a modified 

“standard” technology 

 Production-integrated, 

production of pesticides 

Development and 

engineering 

Development and 

engineering 

B.Braun Melsungen, 

establishment 

Melsungen 

End-of-pipe: treatment 

of water containing zinc 

- Supply of a modified 

“standard” technology 

 Production-integrated, 

production of medical 

apparatus 

Development and 

engineering 

Development and 

engineering 

Bayer, establishment 

Leverkusen 

End-of-pipe: 

removal of nitrogen by 

biological processes 

Development by a 

specialist waste water 

technology group, 

including pilot plants 

for example  

Just building of the 

plant 

Source: Own survey (see appendix 2) and follow-up interviews with respondents 

 

Although these co-operation projects only show a small part of innovator-outside supplier 

relationships, the case studies illustrate that outside suppliers are important technology 
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sources even for large establishments. And we expect that the importance of SEFs is even 

higher for smaller establishments which lack special R&D departments.  

 

To sum up the whole chapter, about two-thirds of all establishments of chemical firms 

carried out both end-of-pipe and production- integrated innovations to reduce water pollution 

between 1991 and 1998. Here, for both types of technologies the proportion of innovative 

establishments among smaller establishments was as high as the proportion of larger 

establishments. It turned out, that the reduction of water pollution with respect to the AOX-

parameter is more difficult to achieve than with respect to the COD-parameter. Process 

innovations require either (1) in-house R&D or (2) external knowledge sources or both. In 

particular, the very large chemical firms carried out considerable internal R&D to reduce 

waste water. And here, R&D in the field of recycling technologies plays a far greater role than 

R&D in the field of end-of-pipe technologies. In contrast, specialised engineering firms 

(except Linde) focus on R&D in the field of end-of-pipe technologies rather than in the field 

of recycling technologies. And within the field of end-of-pipe technologies, SEFs especially 

focus on biological waste water treatment. While chemical establishments acquired modified 

standard end-of-pipe technologies (often containing biological processes) from SEFs, they 

carry out production- integrated developments in-house (supported by SEFs to different 

degrees). The transfer of internally developed environmental technologies from the mother 

firm to subsidiaries is explicitly mentioned in written environmental guidelines of the 

chemical firms (see Bayer for example). However, the transfer of these technologies to other 

firms is rarely supported by chemical firms: Holding R&D results secret was one mechanism 

for some firms to capture a competitive advantage from in-house R&D between 1996 and 

1998 (thus the R&D activities of firms are higher than indicated by our patent analysis). And 

licensing out water protection process technologies did not play a role in capturing a 

competitive advantage from in-house R&D for any firm in the sample during the same time 

period. Thus, SEFs may play an important role in the intra- industry and inter-industry spread 

of water benign process technologies. And not surprisingly, SEFs are of crucial importance 

for the erection of waste water treatment or production- integrated plants, irrespective of the 

size of the chemical firm or establishment. 
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7 Factors influencing process innovations of chemical firms to reduce 

water pollution: empirical results 

 

In the last chapter we analysed the technological efforts of chemical firms to reduce industrial 

water pollution. Understanding the influences of water benign process innovations is a 

precondition for an effective support of public policy towards an environmentally safer 

development. Therefore, we directly asked selected establishments (via postal survey) for the 

reasons that were responsible for carrying out (section 7.1) and refraining from (section 7.2) 

water protection process innovations. The influences may differ with regard to the 

characteristics of the technologies and respondents. Therefore, we analyse the influences on 

water protection process innovations separately for i) end-of-pipe and production-integrated 

technologies, and ii) establishments that participate in the voluntary self-commitment 

initiative “Responsible Care” and those that do not. With respect to the latter, our 

investigation is limited to the reasons for refraining from innovations. Because the number of 

innovating establishments was too small, a comparison of participating and non-participating 

innovators would not lead to meaningful results.  

 

In order to get valid answers we referred the corresponding questions to a time period 

which is both short and still fresh in the mind of the respondents. Therefore, we chose a three-

year period from 1996 till 1998 (the questionnaire was filled in on spring 1999).  

 

7.1 The reasons for the firms´ establishments to carry out water protection process 

innovations  
 

As already described in the second chapter we distinguish three classes of reasons that were 

responsible for the implementation of new or improved water protection process technologies:  

 

i) Reaction to environmental regulations by the government and public authorities: By 

setting tighter emission standards government forces firms to implement process 

technologies that reduce water pollution. And by fixing tight emission charges 

government makes incumbent production methods costly to use. Thus, firms may 

adjust technologically to reduce charge payments. 
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ii) The opportunity to receive reputation gains vis-à-vis different stakeholders: By 

reducing (potential) conflicts with different stakeholders through environmentally safe 

production methods, firms increase their reputation which in turn affects future profits. 

 

iii)  The opportunity to reduce production costs by reduction of input material: By 

reducing joint products or by recovering valuable material in polluting streams firms 

reduce production costs and pollution. 

 

Between some of these innovation incent ives a relationship may be established. For instance, 

the threat of government to impose a tightened legislative level for emissions into water 

positively affects firms to commit themselves to implement new or improved processes to 

reduce water pollution (see subsection 3.2.2.7). The increased reputation of firms may avert 

governmental actions. 

 

Furthermore, there is a circular relationship at least between environmental regulations 

and water protection process innovations. For instance, tightened emission standards 

positively affect technological innovations, and the existence of advanced technologies 

positively affect (with a time lag) the tightening of technology-related emission standards. We 

will come back to these relationships when we discuss the rela tive importance of the three 

basic reasons for carrying out both end-of-pipe and production- integrated innovations. 

 

7.1.1 End-of-pipe versus production-integrated technologies 
 

Between 1996 and 1998 there were 12, respectively 15 establishments that implemented end-

of-pipe, respectively production- integrated technologies (see table 7.1). The sub-sample of 

innovating establishments contains a number of large establishments. Hence, this sub-sample 

represents quite a large part of chemical industry in terms of employees, production and 

pollution.  

 

In order to determine the relative importance of the three classes of innovation 

incentives we proceeded as follows: First, we counted all establishments that attributed at 

least one type of regulation the highest rank among all incentives (on an ordinal scale ranging 

from 1 to 5). Establishments that attributed the same highest rank to several innovation 
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incentives were added if the combination of equally important incentives included at least one 

type of regulation. The sum was then related to the number of innovating establishments. This 

procedure was also carried out for the remaining two classes of reasons for innovation: 

reputation gains and reduction of material input. Hence, we calculated the proportions of 

establishments for which environmental regulations (or reputation gains, or reductions of 

inputs) were the most important innovation incentive or belonged to the most important 

innovation incentives.17 

 

Table 7.1: Innovating establishments (1996-1998) 
 

 Innovative establishments  

Size of the establishment 

(employees) 

End-of-pipe technologies Integrated technologies 

5000 and above 3 2 

500-4999 6 9 

50-499 2 4 

20-499 1 - 

Total 12 15 

Source: Own survey (see appendix 2) 

 

There is suggestive evidence that reactions to environmental regulations were by far the most 

important reason for carrying out both end-of-pipe and production-integrated innovations (see 

table 7.2). For about 80 percent of the innovating establishments environmental regulations 

were the most important incentive or belonged to the most important incentives for end-of-

pipe and integrated innovations.  

                                                                 
17 Often raw data are analysed be calculating the proportion of firms that attribute a single item a large or very 
large importance (rank “4” or “5”). However, if the respondents have different perceptions about the word “large 
importance” or “very large importance” the results become inconsistent. In contrast, the method we use already 
gives consistent results if the single respondent itself gives consistent answers, i.e. the respondent knows that 
“very large importance” means more important than “large importance” or “moderate importance” and chooses 
the correct rank. 
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Although, the respondents assessed the importance of individual types of regulation it is not 

meaningful to calculate the separate innovation incentives because they are directly 

intertwined (e.g. the Waste Water Charges Act may accelerate the compliance to emission 

standards of the Waste Water Management Act because compliance to the emission standards 

of the Waste Water Management Act will reduce the emission charges of the Waste Water 

Charges Act; see also chapter 4). Thus, a respondent would have ranked a certain tool of 

regulation differently if the other tools of regulation had not existed. 

 

The innovation effects of emission standards which were set in the beginning of the 

1990s still mattered in 1996 to 1998 because regulators do not require immediate reaction to 

tightened standards in order to account for investment cycles of establishments. 

 

For nearly every second establishment reputation gains vis-à-vis different stakeholders 

were the most important incentive or belonged to the most important incentives for end-of-

pipe and integrated innovations. Reputation gains were obtained by reducing potential 

conflicts with neighbours, NGOs and employees (information obtained via questionnaires) 

and regulators (information obtained via follow-up telephone interviews). Thus, the 

importance of reputation gains may be positively affected by environmental regulations. 

 

The opportunity to reduce production costs by reducing material input was less 

important for the establishments´ innovation behaviour. 

 

Table 7.2: Reasons for carrying out innovations (1996-1998) 
 

 Innovations  

Reasons for carrying out innovations  End-of-pipe  

(n=12) 

Integrated  

(n=15) 

Reaction to environmental regulations 

 

83% 80% 

Reputation gains vis-à-vis different stakeholders 

 

50% 47% 

Reduction of material costs - 27% 

Source: Own survey (see appendix 2 and 3) 
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7.2 The reasons for the firms´ establishments to refrain from (further) water 

protection process innovations  
 

We identified seven reasons for firms and their establishments to refrain from (further) either 

end-of-pipe or integrated innovations or both: 

 

i) Missing impulses due to non-tightened standards. It has already been argued that 

polluting firms may not have incentives to reduce emissions beyond the level that is 

legally allowed because they want to focus on their core business or because they do 

not receive extra gains for instance. 

 

ii) Cost-efficiency of incumbent production process: If an establishment has adjusted to a 

set of actual prices such that there is no available alternative process which is 

preferred in terms of production costs, the plant manager will not have a reason to 

alter production methods. Changing production methods would decrease profits or 

increase consumer prices or a combination of both. 

 

iii)  Pay-back period is too long: In the chemical industry the stipulated pay-back period is 

about four to six years. If future cost reductions of water protection process 

technologies are too low the pay-back period may be too long. Then, “investment” in 

water protection process innovations is not undertaken. 

 

iv) Focus on core business: Establishments aim to focus on activities that they can carry 

out particularly well. Thus, establishments whose core business is product rather than 

process innovation are also more likely to refrain from carrying out water benign 

process innovations. 

 

v) Integrated technologies take a long time to implement and do not eliminate the need 

for end-of-pipe technologies, as production processes with zero emissions are often 

impossible. Thus, an establishment has to engage into additive pollution reduction 

measures. An establishment with a short time horizon will decide for the 

implementation of end-of-pipe technologies. 
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vi) Implementation of integrated technologies at the expense of end-of-pipe technologies. 

The reduction of water pollution by an ongoing addition of end-of-pipe technologies 

requires ongoing material input and energy consumption while the incumbent 

production process remains unchanged. Thus, end-of-pipe innovations tend to reduce 

productivity and thereby competitiveness in terms of costs. 

 

vii) Limited knowledge resources: Firms may lack technological competencies to 

internally develop and implement water benign technologies. Furthermore, lack of co-

operation partners and outside suppliers may hamper water protection process 

innovations. 

 

Again, relationships can be established between some of these factors. For instance, 

establishments will refrain from innovations if they already meet emission standards because 

(i) they want to focus on their core business, (ii) their incumbent plants are already cost-

efficient, or (iii) investments in innovations do not pay back within the required time. Another 

example is the relationship between the factors “focus on core business” and “lack of 

technological competencies”. Establishments whose core business consists of product rather 

than process innovations may have limited competencies to develop and implement new or 

improved water protection process technologies. 

 

Furthermore, there is a circular relationship between the factor “lack of technological 

competencies” and innovation itself. Because of limited competencies, establishments refrain 

from innovating, and absence of innovations in turn limits technological competencies. 

 

As already mentioned above, we analyse whether the perception of innovation 

impediments differ with respect to the type of technology (end-of-pipe versus integrated 

technologies) and with respect to the characteristics of establishments (establishments that 

participate in the voluntary self-commitment initiative “Responsible Care” and those that do 

not). 

 

 

 



 126 

7.2.1 End-of-pipe versus production-integrated technologies 
 

There is suggestive evidence that successful compliance to emission standards is the most 

important reason for refraining from (further) end-of-pipe innovations (see table 7.3). For 

about 55 percent of all establishments missing impulses due to non-tightened standards were 

the most important impediment or belonged to the most important impediments for end-of-

pipe innovations. Here, the importance of missing impulses due to non-tightened emission 

standards as an impediment to end-of-pipe innovations may be positively affected by other 

impediments such as the establishments´ focus on their core business. Other important 

impediments to end-of-pipe innovations were the introduction of integrated technologies at 

the expense of end-of-pipe technologies and a long-pay back period. The remaining 

impediments to end-of-pipe innovations such as different types of limited knowledge 

resources did not play an important role.  

 

Table 7.3: Reasons for refraining from innovations (1996-1998) 
 

 Innovations  

Reasons for refraining from innovations  End-of-pipe (n=29) Integrated (n=28) 

Emission standards are met 

 

55% 46% 

Incumbent production plants are already cost-

efficient 

 

- 50% 

Implementation of integrated technologies at the 

expense of end-of-pipe technologies 

 

34% - 

Pay-back period too long 

 

24% 25% 

Focus on core business 17% 18% 

Source: Own survey (see appendices 2 and 3) 

 

In the case of production- integrated technologies missing impulses due to non-tightened 

standards lose their outstanding role as reason for refraining from (further) process 

innovations. For about an equal number of establishments cost-efficiency of incumbent plants 
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was the most important impediment or belonged to the most important impediments to 

integrated innovations. Finally, the establishments´ focus on their core business, and the long 

pay-back period were similarly important innovation impediments as in the case of end-of-

pipe technologies. 

 

7.2.2 Participation in the “Responsible Care Initiative” versus non-participation 
 

Voluntary pollution abatement is costly. On the one side voluntary abatement may increase 

reputation gains that outweigh the costs. On the other side voluntary abatement may result in 

a net loss for the individual firm if, for instance, the governmental threat is very credible (see 

subsection 3.2.2.7). If the latter is likely, firms may prefer collective self-commitments to 

create a level playing field for a large number of firms. Within the chemical industry the 

“Responsible Care Initiative” is the best known collective approach where firms voluntarily 

commit themselves to a certain management practice which accounts for environmental 

issues. “Responsible Care” is a world wide programme. All programmes share some 

fundamental features but are flexible enough to include national specificity. The German 

Association of the Chemical Industry (Verband der Chemischen Industrie [VCI]) adopted the 

programme in 1991 and established ten guiding principles. Among others, the principles deal 

with process innovations: “The chemical industry continuously reduces the dangers and risks 

involved in the manufacture, [...], processing and disposal of its products in order to protect 

employees, neighbours, customers and consumers, and the environment” (fourth principle). 

Thus, it can be argued that the perception of innovation impediments differs between 

establishemnts that enter into self-commitments and establishments that refrain from self-

commitments. Self-committing establishments may especially account for integrated 

innovations (see fourth principle above) and may require less impulses of regulations. 

However, infringement of individual firms can not be punished in such programmes. Thus, 

free riding may undermine the objective of voluntary protection of natural resources such as 

water. Therefore, it can be argued that self-commitments do not change establishments´ 

innovation behaviour. We will test two hypotheses (by applying Fisher´s Exact Probability 

Test). First, the proportion of establishments for which missing impulses due to non-tightened 

standards were the most important impediment or belonged to the most important 

impediments is lower among participating establishments than among non-participating 

establishments. The hypothesis will be separately tested for end-of-pipe and integrated 
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innovations. And second, the proportion of establishments for which the implementation of 

integrated technologies was the most important impediment or belonged to the most important 

impediments for end-of-pipe innovations is larger among participating establishments than 

among non-participating establishments. 

 

About two thirds of establishments of our sample participate in the “Responsible Care 

Initiative”. As expected the participation in that voluntary programme seems to vary with the 

size of the establishments (see table 7.4). Larger establishments are more likely to participate 

in the “Responsible Care Initiative” because they are more susceptible to public scrutiny than 

smaller ones. 

 

Table 7.4: Size of establishments and participation in the “Responsible Care 
Initiative” 

 

 Establishments 

Size of the establishments  

(employees) 

Participation in  

“Responsible Care” 

Non-participation  

5000 and above 4 0 

500-4999 10 3 

50-499 5 5 

20-49 0 4 

Total 19 12 

Source: Own survey, and VCI, 1998, pp.31-39 

 

The risk of erroneously confirming the first hypothesis is relative high with regard to end-of-

pipe innovations (p-value of 0.177 with regard to the corresponding null hypothesis18) and 

even higher with regard to production- integrated technologies (p-value of 0.282 with regard 

to null hypothesis). Thus, the proportion of establishments for which missing impulses due to 

non-tightened standards were the most important impediment or belonged to the most 

important impediments does not tend to be lower among participating establishments than 

among non-participating establishments (see also table 7.5 and 7.6).  

                                                                 
18 Null hypothesis: The proportion of establishments for which missing impulses due to non-tightened standards 
were the most important impediment or belonged to the most important impediments is at least as high among 
participating establishments as among non-participating establishments. 
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Table 7.5: Reasons for refraining from end-of-pipe innovations and participation in 
the “Responsible Care Initiative” 

 

 Establishments 

Reasons for refraining from  

end-of-pipe innovations  

Participation to 

“Responsible Care” 

(n=17) 

Non-participation 

 

(n=12) 

Emission standards are met 

 

47% 67% 

Implementation of integrated technologies at the 

expense of end-of-pipe technologies 

 

47% 17% 

Pay-back period too long 

 

18% 33% 

Focus on core business 18% 17% 

Source: Own survey (see appendices 2 and 3) 
 

Table 7.6: Reasons for refraining from production-integrated innovations and 
participation in the “Responsible Care Initiative” 

 

 Establishments 

Reasons for refraining from  

integrated innovations  

Participation in 

“Responsible Care” 

(n=16) 

Non-participation  

 

(n=12) 

Emission standards are met 

 

44% 50% 

Production plants are already cost-efficient 

 

50% 50% 

Pay-back period too long 

 

31% 17% 

Focus on core business 13% 25% 

Source: Own survey (see appendices 2 and 3) 

 

In contrast, the risk of erroneously confirming the second hypothesis is moderate. Confirming 

the hypothesis means taking the chance of being wrong only in 8.01 percent of the cases. 

Thus, the proportion of establishments for which the implementation of integrated 
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technologies is the most important impediment or belonged to the most important 

impediments for end-of-pipe innovations seems to be larger among participating 

establishments than among non-participating establishments.  

 

Thus, we have mixed results with regard to the issue whether the perception of 

innovation impediments differs between establishments that participate in voluntary 

programmes and non-particpating establishments. With regard to integrated technologies the 

perception of innovation impediments did not differ systematically between both groups of 

establishments. For about every second participating or non-participating establishment 

missing impulses due to non-tightened standards were the most important impediment or 

belonged to the most important impediments for integrated innovations. The same proportions 

resulted with respect to the cost-efficiency of incumbent plants as an impediment to integrated 

innovations (see table 7.6). The innovation behaviour seems to differ between establishments 

that participate in the “Responsible Care Initiative” and those that do not, according to the 

impediments “pay-back period is too long” and “focus on core business”. However, 

considering the small sample the differences in percentages are too small to indicate 

systematic differences in innovation behaviour. 

 

With regard to end-of-pipe technologies the perception of innovation impediments seems to 

differ systematically between both groups of establishments. The proportion of establishments 

for which the implementation of integrated technologies is the most important impediment or 

belonged to the most important impediments to end-of-pipe innovations seems to be larger 

among participating establishments than among non-participating establishments. In contrast 

to participation establishments, only four non-participating establishments carried out 

integrated innovations between 1996 and 1998 (see table 7.7). Hence, for non-participating 

establishments the implementation of integrated technologies at the expense of end-of-pipe 

technologies could not play an important role as an innovation impediment to end-of-pipe 

technologies. 
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Table 7.7: Production-integrated innovations between 1996 and 1998 and 
participation in the “Respons ible Care Initiative” 

 

  Participation in the  

“Responsible Care Initiative” 

 

  Yes No Total 

Yes 13 4 17 Integrated 

innovators  No 6 8 14 

 Total 19 12 31 

Source: Own survey 

 

This chapter can be summarised as follows: First, there is suggestive evidence that the 

establishments´ reactions to environmental regulations were by far the most important reason 

for carrying out both end-of-pipe and production-integrated innovations. Second, successful 

compliance to actual emission standards are the most important reason for the establishments 

to refrain from (further) end-of-pipe innovations. In contrast to end-of-pipe technologies, the 

missing impulses due to non-tightened emission standards lost their outstanding role as 

innovation impediment in the case of integrated technologies. Here, the cost-efficiency of 

incumbent plants was as important as the missing impulses due to non-tightened standards as 

innovation impediment. 

 

The remaining innovation impediments could be divided into two groups. For about 

17 to 34 percent of all establishments of our sample a long pay-back period, the focus on their 

core business, or the implementation of integrated technologies at the expense of end-of-pipe 

innovations were the most important reasons or belonged to the most important reasons for 

refraining from (end-of-pipe) innovations. In contrast, limited knowledge resources were 

almost never perceived as the most important innovation impediment.  

 

The importance of especially one innovation impediment systematically varied with 

the characteristics of the establishments. In contrast to non-participating establishemnts, 

participating establishments refrained from (further) end-of-pipe innovations because they 

turned to more sustainable technologies to reduce water pollution.  
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8 Conclusions and policy implications 

 

In this study we focused on the efforts which German chemical firms and their establishments 

have made to reduce waste water. More particularly, the overall objective of our study was 

twofold. First we wanted to investigate the pattern of process innovations of West German 

chemical firms to reduce waste water. Here, process innovation meant the introduction of a 

water benign process technology which is improved or new from the viewpoint of the firm´s 

establishment. These technologies can be acquired externally or can be developed by internal 

resources. Here, we explored the role of specialised engineering firms (SEFs) as external 

technology suppliers and analysed what kind of chemical firms are most likely to develop 

waste water reducing process technologies in-house. Second, we explored the establishments´ 

reasons for (i) carrying out or (ii) refraining from process innovations to reduce water 

pollution. In doing so the 1990s were especially interesting because in this time period 

chemical firms and their establishments increased activities to recycle valuable substance in 

polluting streams and to tackle pollution at source rather than to reduce pollution after its 

emergence. 

 

The concluding chapter contains three sections. The first section takes up the 

hypotheses of the study and briefly depicts the corresponding findings. The second section 

summarises the basic results of the study. And the final section provides policy implications 

which are primarily based on our findings. 

 

8.1 Conclusions according to the hypotheses established 
 

Some hypotheses could be tested statistically. The calculated p values provide information 

about the probability that the results were obtained by chance alone. Or, to put it differently, 

they are the exact probabilities of committing a Type I error (rejection of the true null 

hypothesis). If the p value is above 0.10 we will speak of weak statistical evidence to confirm 

the hypotheses (reject the null hypothesis). A p value between 0.01 and 0.10 will be regarded 

as moderate statistical evidence (see table 8.1). And a p value below 0.01 will indicate very 

strong statistical vidence to confirm the hypotheses (reject the null hypothesis). However, 

these are our conventions. Therefore, we always give the exact p values in the following. 



 133 

Table 8.1: Statistical  evidence to reject the null hypotheses 
 

Statistical evidence to reject the null hypotheses 

strong moderate weak 

p value < 0.01 0.01 ≤  p value ≤ 0.10 p value > 0.10 

 

The remaining hypotheses could not be tested statistically, i.e. we could not test whether the 

results are due to chance of the particular data we used. In those cases the data provide 

“suggestive evidence” for certain conclusions. Table 8.2 summarises our findings at the end 

of this section. 

 

Hypothesis 1 

 

Large chemical firms predominate R&D activities and innovations in the field of technologies 

to reduce industrial water pollution. 

 

Findings: There is strong statistical evidence (p value of 0.0007) that the proportion of firms 

that carry out R&D and apply patents in the field of end-of-pipe and recycling technologies is 

higher among the largest firms than among the remaining smaller firms. In particular the 

largest firms such as Bayer, Aventis (former Hoechst) and BASF develop and apply patents in 

both classes of process technologies. These firms have cumulated considerable knowledge to 

reduce water pollution end-of-pipe and to optimise production processes. And what firms 

already know determines what firms can learn.  

 

Findings: There is weak statistical evidence (p values of 0.123 and 0.154) that the proportion 

of innovative establishments both in the field of end-of-pipe or integrated technologies is 

higher among the largest establishments than among the remaining smaller establishments. 

 

Hypothesis 2 

 

Specialised engineering firms heavily support water benign process developments and 

innovations. 
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Findings: The used sample of outside suppliers suggests that they - apart from Linde - carry 

out R&D activities and apply for patents in the field of end-of-pipe technologies rather than in 

the field of recycling technologies.  

 

Findings: With regard to the construction of waste water treatment or production plants 

outside suppliers are of crucial importance for any kind of chemical firm and their 

establishments.  

 

Because secrecy was an important appropriability condition for chemical firms while 

licensing was not (during 1996 to 1998) outside suppliers will generally play an important 

role in the intra- industry and inter- industry spread of process technologies to reduce water 

pollution. 

 

Hypothesis 3 

 

Reaction to environmental regulations of the government and public authorities is the most 

important reason for water protection process innovations. 

 

Findings: There is strong suggestive evidence from our sample to confirm the hypothesis. For 

about 80 percent of the firms´ establishments environmental regulations were the most 

important incentive or belonged to the most important incentives to both end-of-pipe and 

integrated innovations. 

 

Hypothesis 4 

 

Missing impulses due to non-tightened standards are the most important impediment to 

(further) innovations that reduce water pollution. 

 

Findings: The used sample of chemical establishments suggests that missing impulses due to 

non-tightened standards were the most important innovation impediment in the field of end-

of-pipe technologies. 
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Findings: With regard to integrated technologies suggestive evidence to confirm the 

hypothesis is weak. Here, the cost-efficiency of incumbent plants seems to be as important as 

missing impulses due to non-tightened standards as innovation impediment. 

 

Hypothesis 5 

 

The reasons to refrain from water protection process innovations have a systematically 

different importance for firms that participate in voluntary self-commitments such as the 

“Responsible Care Programme” than for firms that do not. 

 

Findings: There is weak statistical evidence (p values of 0.177 and 0.282) that missing 

impulses due to non-tightened standards played a lower important role as innovation 

impediment among participating establishments than among non-participating establishments 

- especially in the field of integrated technologies.  

 

Findings: There is moderate statistical evidence (p value of 0.080) that the proportion of 

establishments for which the implementation of integrated technologies is the most important 

impediment to end-of-pipe innovations (or belonged to the most important impediments) is 

larger among participating establishments than among non-participating establishments. 
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Table 8.2: Hypotheses and findings 
 

Hypothesis Statistical 

evidence to 

confirm the 

hypothesis  

Suggestive 

evidence to 

confirm the 

hypothesis  

1: Large chemical firms predominate R&D activities and 

innovations 

  

1.1: The proportion of innovative establishments is higher 

among the largest establishments (end-of-pipe technologies). 

Weak 

p value of 0.123 

 

1.2: The proportion of innovative establishments is higher 

among the largest establishments (integrated technologies). 

Weak 

p value of 0.154 

 

 

1.3: The proportion of firms that apply for patents is higher 

among the largest firms (end-of-pipe technologies). 

Strong 

p value of 0.0007 

 

 

1.4: The proportion of firms that apply for patents is higher 

among the largest firms (recycling technologies). 

Strong 

p value of 0.0007 

 

1.5: In particular the largest firms develop and apply for 

patents (end-of-pipe technologies). 

 Strong 

1.6: In particular the largest firms develop and apply for 

patents (recycling technologies). 

 Strong 

 

2: SEFs heavily support water benign process developments 

and innovations 

  

2.1: SEFs carry out considerable R&D (end-of-pipe 

technologies) 

 Strong 

2.2: SEFs carry out considerable R&D (recycling 

technologies) 

 Weak 

3: Reaction to environmental regulations of the government 

is the most important reason for water benign process 

innovations 

 Strong 
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Table 8.2: Hypotheses and findings (cont.) 
 

Hypothesis Statistical 

evidence to 

confirm the 

hypothesis  

Suggestive 

evidence to 

confirm the 

hypothesis  

4: Missing impulses due to non-tightened standards are the 

most important reason for refraining from (further) 

innovations that reduce water pollution 

  

4.1: Missing impulses due to non-tightened standards are the 

most important reason for refraining from (further)  

innovations (end-of-pipe technologies). 

 Strong 

4.2: Missing impulses due to non-tightened standards are the 

most important reason for refraining from (further) 

innovations (integrated technologies). 

 Weak 

5: The perception of innovation impediments differ between 

firms that participate in the “Responsible Care Initiative” 

and non-participating firms. 

  

5.1: The proportion of establishments for which missing 

impulses due to non-tightened standards are the most 

important innovation impediment is lower among 

participating establishments than among non-participating 

establishments (end-of-pipe technologies). 

Weak 

p value of 0.177 

 

5.2: The proportion of establishments for which missing 

impulses due to non-tightened standards are the most 

important innovation impediment is lower among 

participating establishments than among non-participating 

establishments (integrated technologies). 

Weak 

p value of 0.282 

 

5.3: The proportion of establishments for which the 

implementation of integrated technologies is the most 

important impediment to end-of-pipe innovations is larger 

among participating establishments as among non-

participating establishments. 

Moderate 

p value of 0.080 
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8.2 Overall conclusions  
 

Between 1991 and 1998 about two thirds of the firms´ establishments of our sample 

introduced end-of-pipe and production- integrated technologies which were new or improved 

to them. In particular the very large firms and their establishments such as Bayer, Aventis 

(former Hoechst) and BASF had the technological strength to develop end-of-pipe and 

recycling technologies in-house. Outside suppliers such as Preussag and Envicon carried out 

R&D activities and applied for patents especially in the field of end-of-pipe technologies. 

Furthermore, SEFs support “online” improvements of both waste water treatment and 

production plants. Hence, these firms are important external technology sources for chemical 

firms, in particular with regard to end-of-pipe technologies. Among the reasons for both end-

of-pipe and production- integrated innovations reaction to environmental regulations of the 

government and public authorities was the most important one. And consistent with the last 

findings is our result that missing impulses due to non-tightened emission standards (which 

are the predominant type of regulation in Germany) were an impediment to end-of-pipe 

innovations that the highest proportion of establishments perceived as most important. With 

regard to integrated innovations, missing impulses due to non-tightened standards lost their 

predominant role as innovation impediment. Here, cost-efficiency of incumbent plants and 

missing impulses due to non-tightened emission standards were equally important 

impediments. For every second establishment efficiency of incumbent plants was the most 

important innovation impediment or belonged to the most important innovation impediments. 

Additional integrated measures of these establishments would decrease their profits or 

increase prices or both. The innovation behaviour of establishments that participate in the 

voluntary “Responsible Care Programme” differed from non-participating establishments 

especially in the following way: Participating establishments refrained from (further) end-of-

pipe innovations because they carry out integrated innovations, i.e. they tackle water pollution 

in a way that preserves environmental resources.  
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8.3 Policy implications  
 

The following policy implications are primarily based on our findings and can be summed up 

as follows: 

 

Voluntary self-commitments to reduce environmental harm such as water pollution are 

not sufficient in the chemical industry which includes many upstream firms. Here, the 

possibility of different stakeholders to exert pressure on firms is limited. For about every 

second establishment that participate in the “Responsible Care Initiative” missing impulses 

due to non-tightened standards are the most important reason or belonged to the most 

important reasons for refraining from (further) end-of-pipe or integrated innovations. 

 

Therefore, if society prefers a lower level of water pollution appropriate governmental 

interventions are necessary. In order to exert pressure on firms and their establishments to 

reduce water pollution environmental regulations of government have to (i) require significant 

reduction of emissions of harmful substances, or (ii) make use of the incumbent technology 

costly. Because it is difficult to assess ex ante what type of regulation provides stronger 

incentives to water benign process technologies (see discussion in chapter 3), we recommend 

a policy mix of standards and charges. Emission standards that are related to state-of-the-art 

technologies may promote industry-wide implementation of environmentally safe 

technologies hitherto rare in use. Furthermore, standards secure firms´ response. This is 

important in regions with relatively high concentrations of harmful substances. Waste water 

charges have the advantage of permanently providing incentives to reduce water pollution. In 

addition, charges have an important side effect: they strengthen the competence of 

administration. In Germany for instance, waste water charge provided financial resources in 

order to increase the quantity and quality of staff. Thus the position of public authorities vis-à-

vis polluting firms was strengthened (Kraemer and Jäger, 1997a, p.67).  

 

Related to this, the EU Water Framework Directive may be a step into the right 

direction. First, it responses to an actually increasing demand of Europe´s citizens for cleaner 

water (for drinking and bathing, and as part of their local and regional heritage). Second, it 

stresses both quantity and price rules. The success of the Directive in promoting water benign 

innovations is difficult to assess ex-ante. On the one side, it may be an innovation driver in 
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member states where, for instance, existing quantity rules are not stringent and price rules 

does not have a tradition. On the other side, in countries with emission-based standards the 

immission-based standards prevailing in the EU Directive may also exert pressure on 

reducing emission-based standards for emissions in large rivers because large rivers have a 

large capacity to assimilate harmful substances. 

 
Outside suppliers have carried out R&D activities and applied for patents in the field 

of end-of-pipe technologies and have been involved in the engineering of both end-of-pipe 

and production- integrated environmental technologies. In contrast, secrecy seems to have 

been an important means for chemical firms to capture a competitive advantage from in-house 

R&D – at least for the time period which we investigated. Hence, outside suppliers will 

generally play an important role in the intra- industry and inter- industry spread of process 

technologies to reduce water pollution. Therefore, we propose to favour subsidies fo r pre-

competitive co-operation projects which include firms such as outside suppliers that have a 

self- interest in the transfer of knowledge. 

 

For about 20 percent of the establishments the focus on their core business was the 

most important reason or belonged to the most important reasons for refraining from (further) 

integrated innovations. This impediment may be reduced by promotion of co-operative 

actions and personal responsibility of polluting firms. Therefore, we suggest activities to 

ensure that private sector bodies such as trade associations (e.g. the German Association of 

Chambers of Industry and Commerce – Deutscher Industrie- und Handelstag [DIHT]) and 

consulting firms are fully aware of the importance of preventive technologies in a more 

sustainable development. 
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Appendices 
 

1 Deutsche Zusammenfassung 

 

Gewässerschützende Verfahrensinnovationen und Umweltregulierungen. 

Eine Fallstudie anhand chemischer Unternehmen in Deutschland in den 

90er Jahren 

 

Zur Relevanz dieser Studie 
 

Die Untersuchung der Anstrengungen chemischer Unternehmen, die Umwelt durch neue oder 

verbesserte Technologien zu schützen, ist insbesondere aus zwei Gründen von Bedeutung: 

Erstens stehen gerade chemische Unternehmen im Mittelpunkt der öffentlichen Kritik, weil 

insbesondere diese durch Unfälle, sowie Abluft, Abfälle und Abwasser die Umweltqualität 

vermindern und die Gesundheit der Betroffenen gefährden. Und zweitens spielen chemische 

Unternehmen eine Schlüsselrolle bei der Verminderung der Umweltbelastung des 

industriellen Sektors insgesamt. Der Grund hierfür liegt darin, daß chemische Unternehmen 

Zwischenprodukte für viele Endprodukte der Automobil-, Elektro-, und Bauindustrie - um nur 

einige Branchen zu nennen - liefern. 

 

Ziele, Hypothesen und Forschungsmethoden dieser Studie 
 

Diese Studie konzentriert sich auf die Anstrengungen der chemischen Unternehmen 

gewässerschützende Technologien zu entwickeln und einzuführen. Die Verschmutzung der 

Umwelt duch die Produktion von Abwasser spielt eine herausragende Rolle in der 

chemischen Industrie. Abwasser entsteht hierbei auf vielfältige Weise: Durch die Kühlung 

von Produktionsprozessen, durch die Reinigung von Anlagenteilen und Rohren und vor allem 

durch die bei der Herstellung chemischer Erzeugnisse anfallenden (nicht gewollten) 

Kuppelprodukte. 

 

Insbesondere verfolgt diese Studie zwei Hauptziele. Erstens wird das Ausmaß an 

abwasservermindernden Verfahrensinnovationen bei chemischen Unternehmensstandorten 
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aus dem früheren Bundesgebiet untersucht. Wobei unter Innovation die  Einführung eines 

Verfahrens - das aus Sicht des einführenden Unternehmensstandortes eine Verbesserung oder 

Neuheit darstellt – verstanden wird. Dieses Verfahren kann extern erworben oder mit Hilfe 

unternehmensinterner Fähigkeiten und Fertigkeiten entwickelt sein. Hierbei untersuchen wir 

die Bedeutung von auf Ingenieurdienstleistungen spezialisierten Unternehmen („Specialised 

Engineering Firms“ – SEFs) als externe Informationsquelle. Hinsichtlich der 

unternehmensinternen Entwicklung von abwasservermindernden Technologien stellt sich die 

Frage, ob große Unternehmen diese dominieren. Das zweite Hauptziel besteht in der 

Untersuchung der Gründe, warum chemische Unternehmen abwasservermindernde 

Verfahrensinnovationen durchführen oder warum sie von deren Durchführung absehen. Die 

Untersuchung des Unternehmenverhaltens liefert wertvolle Hinweise für eventuelle 

Politikempfehlungen. 

 

Den Zeitrahmen dieser Studie bilden die 1990er Jahre. Diese sind deshalb so 

interessant, weil die chemischen Unternehmen in dieser Zeitperiode ihre Anstrengungen 

verstärkt haben, Gewässer durch Verfahren zu schützen, die Abwasser erst gar nicht entstehen 

lassen oder gewässerbelastende Substanzen wiedergewinnen, statt durch End-of-pipe 

Technologien - die Abwasserströme erst nach ihrer Entstehung behandeln. 

 

Entsprechend den Hauptzielen der Studie werden folgende Hypothesen aufgestellt: 

 

Innovationen im Bereich gewässerschützender Verfahren: 

 

Hypothese 1: Insbesondere große Unternehmensstandorte dominieren bei der Innovation von 

gewässerschützenden Verfahren. Darüberhinaus dominieren große Unternehmen die 

Forschung und Entwicklung (FuE) bei diesen Verfahren. Vergangene Untersuchungen haben 

gezeigt, daß bei chemischen Verfahren große Unternehmen sowohl bei der Invention als auch 

bei der Innovation dominieren. Deshalb erwarten wir ein ähnliches Muster bei 

Verfahrensinnovationen, die Gewässer schützen. 

 

Hypothese 2: Auf Ingenieurdienstleistungen spezialisierte Anbieter sind von großer 

Bedeutung bei der Entwicklung und Implementierung von abwasservermindernden 
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Verfahren. Nach dem Zweiten Weltkrieg hat sich ein neuer Markt für 

Ingenieurdienstleistungen entwickelt. Viele Chemieanlagen wurden von Anlagenbauern und 

Ingenieurbüros entworfen und gebaut. Dies läßt ebenfalls eine entsprechende Arbeitsteilung 

bei der Entwicklung und Einführung von gewässerschützenden Anlagen erwarten. 

 

Bestimmungsgründe der Unternehmensstandorte, gewässerschützende Verfahren einzuführen: 

 

Hypothese 3: Staatliche Umweltregulierungen stellen den wichtigsten Grund für die 

Einführung von abwasservermindernden Verfahren dar. Unternehmen sehen 

gewöhnlicherweise von der Einführung von zusätzlichen abwasservermindernden Verfahren 

ab, wenn deren Produktionskosten höher sind als die von abwasserreicheren 

Verfahrensalternativen. Staatliche Umweltregulierungen wie Abgaben oder 

Emissionsgrenzwerte fördern abwasservermindernde Verfahren, denn sie erhöhen die Kosten 

für die abwasserreicheren Alternativen oder zwingen Unternehmen, Verfahren einzuführen, 

welche die Gewässer weniger belasten. 

 

Bestimmungsgründe der Unternehmen, von der Einführung gewässerschützender Verfahren 

abzusehen: 

 

Hypothese 4: Fehlende Impulse von nicht verschärften Grenzwerten sind das größte Hindernis 

für (weitere) gewässerschützende Verfahrensinnovationen. Strenge Emissionsgrenzwerte 

stellen einen starken Anreiz für abwasservermindernde Verfahrensinnovationen dar. Halten 

die Unternehmen jedoch die Emissionsgrenzwerte ein, sind die Innovationsanreize von 

Grenzwerten gering. Die Unternehmen erhalten keinen zusätzlichen Gewinn aus der 

Verminderung der Abwasserbelastung, die über das gesetzlich erlaubte Niveau hinausgeht. 

 

Hypothese 5: Die Bedeutung der Gründe für die Nichteinführung von gewässerschützenden 

Innovationen unterscheiden sich systematisch zwischen Unternehmensstandorten, die 

freiwillige Selbstverpflichtungen eingehen und Unternehmenstandorten, die von solchen 

Verpflichtungen absehen. Der Hintergrund dieser Vermutung besteht darin, daß sich die 

Unternehmensstandorte, die an freiwilligen Selbstverpflichtungen wie dem „Responsible 
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Care“-Programm teilnehmen, zur Einhaltung umweltorientierter Management-Praktiken 

verpflichten. 

 

Um diese Hypothesen zu untersuchen, wird ein eklektisches Vorgehen gewählt. Der 

konzeptionelle Rahmen zur Analyse gewässerschützender Verfahrens innovationen und ihrer 

Einflußgrößen bedient sich Methoden der Wirtschaftswissenschaft, der Politikwissenschaft, 

der Chemie und der Technikgeschichte. 

 

Empirsche Informationen zur Prüfung der erwähnten Hypothesen wurden gewonnen 

über i) die Analyse von Patentanmeldungen chemischer Unternehmen und auf 

Ingenieurdienstleistungen spezialisierter Anbieter, ii) die Analyse von Umweltberichten 

chemischer Unternehmen, iii) eine schriftliche Fragebogenerhebung bei chemischen 

Unternehmen und iv) Interviews mit Experten aus chemischen Unternehmen und des 

Umweltbundesamtes. 

 

Wie bereits erwähnt, bildet eine Stichprobe bestehend aus chemischen Unternehmen 

aus dem früheren Bundesgebiet die Grundlage der gesamten Studie. Chemische Unternehmen 

aus der ehemaligen DDR werden ausgeschlossen, da diese aufgrund der Tätigkeit in einem 

planwirtschaftlichen Wirtschaftssystem einen anderen Wissensstand (über chemische 

Verfahren und deren Verbesserung) bis 1990 akkumuliert haben. Da der bestehende 

Wissensstand die zukünftige Innovationsfähigkeit stark beeinflußt, unterscheiden sich in den 

1990er Jahren die Fähigkeiten dieser Unternehmen abwasservermindernde 

Verfahrensinnovationen zu realisieren auch nach der deutschen Wiedervereinigung 

systematisch von Unternehmen aus dem früheren Bundesgebiet. 

 

Die Verfahrensinnovation in der chemischen Industrie als ein wissensbasierter, 

rückgekoppelter und arbeitsteiliger Prozess 
 

Unter einer Verfahrensinnovation wird in dieser Studie die Einführung eines Verfahrens 

verstanden, das neu oder verbessert aus Sicht des einzelnen Unternehmensstandortes ist. 

Folglich mag der Rückgriff auf bereits anderswo bestehendes Wissen für eine 

Verfahrensinnovation ausreichen. Allerdings bedürfen bisher ungelöste Fragen oft neuer 

Erfindungen, Ideen oder Theorien. Diese neuen Erfindungen sind in der chemischen Industrie 
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oft das Ergebnis von Forschung und Entwicklung (FuE), weil deren technologische 

Aktivitäten stark wissensbasiert sind. Beispielsweise sind es die Patente der chemischen 

Industrie, die am häufigsten wissenschaftliche Zeitschriften zitieren. Zwischen den 

Laborergebnissen und der entsprechenden Produktionsanlage liegt die 

Verfahrensentwicklung. Diese umfaßt die Reaktionstechnik (hierbei geht es beispielsweise 

um die Zusammensetzung der Ausgangsstoffe, den Druck und die Temperatur im 

Reaktionsraum) und die Verfahrenstechnik (hierbei geht es beispielsweise um die optimale 

Kombination der Verfahrensschritte und die Planung und Auslegung von Apparaten und 

Anlagen). Die Verfahrensentwicklung ist ein sehr zeitaufwendiger (durchschnittlich 4 bis 6 

Jahre) und kostenintensiver Vorgang bei dem neben der technischen Machbarkeit, vor allem 

Gesichtspunkte der Wirtschaftlichkeit, Sicherheit und Erfüllung gesetzlicher Vorschriften 

einfliessen. Hierbei ist der Weg von der Erfindung über die Pilotanlage bis zur 

Betriebsaufnahme mit vielen Rückkopplungen zwischen den einzelnen Entwicklungsschritten 

gekennzeichnet.  

 

Die Verfahrensentwicklung ist oftmals ein arbeitsteiliger Vorgang, bei dem einerseits 

Forschungsinstitute, Universitäten und Fachhochschulen und andererseits auf 

Ingenieurdienstleistungen spezialisierte Unternehmen eine wichtige Rolle spielen. Erstere 

bilden zukünftige Industrieforscher aus und liefern ein umfangreiches formelles und 

informelles Netzwerk an Kontakten, um Probleme bei der Verfahrensentwicklung zu lösen. 

Letztere sind vor allem nach dem Zweiten Weltkrieg im Bereich der Verfahrenstechnik von 

großer Bedeutung geworden. So haben große Unternehmen wie Linde bisher über 3500 

Industrieanlagen gebaut und spielen auch – im Gegensatz zu kleineren Anlagenbauern und 

Ingenieurbüros – bei der Entwicklung von neuen Verfahren eine wichtige Rolle. So hat Linde 

über 1500 Patente angemeldet. 

 

Abwasservermindernde Verfahrensinnovationen als Ergebnis einer Vielzahl denkbarer 

Einflußfaktoren 
 

Die Beschreibung der typischen Merkmale einer Verfahrensinnovation in der chemischen 

Industrie lieferte erste Informationen über deren Einflußfaktoren (staatliche Regulierung, 

unternehmensinternes und -externes Wissen). Da abwasservermindernde Verfahrens-

innovationen zunächst einmal grundsätzlich Verfahrensinnovationen (natürlich mit ganz 
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bestimmtem Ziel) darstellen, liegen damit auch erste Einflußfaktoren für 

abwasservermindernde Verfahrensinnovationen vor. Die Auswertung weiterer Literatur und 

Interviews mit Experten chemischer Unternehmen lieferte folgendes Gesamtbild an 

Einflußfaktoren: Als Bestimmungsgründe für abwasservermindernde Verfahrensinnovationen 

werden Reputationsgewinne gegenüber verschiedenen Stakeholdern, die Verminderung des 

Materialeinsatzes und staatliche Umweltregulierung wie beispielsweise Emissionsgrenzwerte 

identifiziert. Die ausbleibende Verschärfung von Emissionsgrenzwerten wiederum mag ein 

Grund für Unternehmen sein, keine weiteren abwasservermindernde Verfahrensinnovationen 

zu realisieren, da die Abwasserverminderung unternehmensinterne Kosten verursacht, 

Wasserqualität jedoch den Charakter eines öffentlichen Gutes besitzt. Als weitere Gründe für 

Unternehmen, keine neuen oder verbesserten Verfahren einzuführen, können beispielsweise 

die Grenzen der unternehmensinternen und –externen Wissensbasis und der Wille des 

Unternehmens, sich auf sein Kerngeschäft zu konzentrieren, angeführt werden. Das folgende 

Schaubild stellt alle in dieser Studie als relevant erkannten Einflußfaktoren dar. Diese sind 

oftmals miteinander korreliert. Die Pfeile zeigen an, daß sich einige Einflußfaktoren 

ausschließlich auf produktions-integrierte oder nachgeschaltete Verfahren beziehen. 
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Abbildung 1: Denkbare Einflußfaktoren von Verfahrensinnovationen, die die 

Gewässerbelastung vermindern 
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Quelle: Zusammenstellung des Autors 

 

Umweltregulierung in Deutschland: Grenzwerte und Abgaben 
 

Das föderale System aus Bund, Länder und Gemeinden bildet die Grundlage der 

gewässerbezogenen Regulierung in der Bundesrepublik Deutschland. Emissionsgrenzwerte 

und Emissonsabgaben stellen die wichtigsten Instrumente der gewässerbezogenen 

Regulierung dar.  
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Emissionsgrenzwerte können auf allen drei Ebenen festgelegt werden. Die 

Abwasserverordnung (AbwV), die den Stand der Technik des Wasserhaushaltsgesetzes 

(WHG) bundesweit operationalisiert, legt die Mindestanforderungen für die Qualität des 

Abwassers für direkt und indirekt einleitende Unternehmen fest. Seit 1976 macht der 

Gesetzgeber von den technologiebasierten Grenzwerten Gebrauch. Die Grenzwerte sind 

seitdem immer wieder durch Novellen des WHG und der AbwV  verschärft worden. Die 

Länder können durch Indirekteinleiterverordnungen und die Gemeinden durch Satzungen 

darüberhinausgehende Anforderungen an Indirekteinleiter stellen.  

 

 Die Abwasserabgaben werden auf zwei Ebenen festgelegt. Das 

Abwasserabgabengesetz (AbwAG) legt bundesweit den Abgabesatz für Direkteinleiter fest. 

Der Abgabesatz betrug im ersten Jahr seiner Erhebung (1981) DM 12 und ist seitdem auf DM 

70 gestiegen. Gemeinden haben die Möglichkeit, für Indirekteinleiter eine Abwasserabgabe 

zu erheben. Folglich variiert die zu zahlende Abgabe von Gemeinde zu Gemeinde. 

 

Beim Innovationsanreiz der Grenzwerte und der Abgaben besteht eine wechselseitige 

Beziehung. Beispielsweise vermindert sich der Abgabensatz der AbwAG, wenn das 

Unternehmen die Grenzwerte des WHG einhält. Hält ein Unternehmen verschärfte 

Grenzwerte nicht mehr ein, erhöht sich wieder die Abwasserabgabe. Auf der Ebene der 

Gemeinden kann ein ähnlicher Mechanismus bei den sogenannten Stark-

verschmutzerzuschlägen bestehen.  

 

Seit den 70er Jahren übt auch die Europäische Union Einfluß auf die 

gewässerbezogene Gesetzgebung der Bundesrepublik Deutschland aus. Dies geschieht 

insbesondere durch entsprechende Richtlinien (beispielsweise Richtlinie über die Ableitung 

gefährlicher Stoffe 76/464/EWG), die den Mitgliedsstaaten die Art der Umsetzung der 

festgelegten Ziele überlassen. Historisch hat sich ein „Flickenteppich“ von über 30 EU-

Richtlinien, die den Wasserbereich direkt oder indirekt betreffen, gebildet. Um ein kohärentes 

europäisches Wasserrecht zu schaffen, wurde eine EG-Wasserrahmenrichtlinie (WRRL) 

entworfen. Diese wurde Ende 2000 verabschiedet. 
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Die Messung von FuE und Innovation im Bereich der gewässerschützenden Verfahren 

erfolgt über Patentanmeldungen und Fragebögen 
 

Das erste Hauptziel dieser Studie besteht in der Untersuchung der Innovationstätigkeit 

chemischer Unternehmensstandorte im Bereich abwasservermindernder Verfahren. Als 

Indikator für die Innovation selbst wurde die Innovationszählung über Fragebögen gewählt. 

Die Unternehmensstandorte sollten in der schriftlichen Befragung getrennt für End-of-pipe 

und integrierte Verfahren angeben, ob sie zwischen 1991 und 1998 ein Verfahren eingeführt 

haben, das neu oder verbessert aus ihrer Sicht ist.  

 

Zusätzlich soll die unternehmensinterne FuE-Tätigkeit der chemischen Unternehmen 

und der auf Ingenieurdienstleistungen spezialisierten Anbieter untersucht werden. Als 

Indikator für unternehmensinterne FuE wurden Patentanmeldungen herangezogen. Im 

Bereich der End-of-pipe Verfahren, die Abwasser nachträglich behandeln, konnte auf die 

bereits bestehende Patentklasse C02F zurückgegriffen werden. Im Bereich der integrierten 

Verfahren besteht keine eigene Patentklasse. Daten über integrierte Verfahren, die über 

Recycling von Stoffen Abwasser vermindern, wurden über Schlüsselbegriffe gewonnen. 

Daten über integrierte Verfahren, die Abwasser erst gar nicht entstehen lassen, konnten nicht 

erhoben werden, da der Hauptanspruch in den Patentenschriften nicht anzeigt, ob ein 

Verfahren Abwasser originär vermeidet.  

 

Die Messung der Einflußfaktoren von abwasservermindernden Innovationen über 

Fragebögen 
 

Das zweite Hauptziel dieser Studie besteht in der Untersuchung der Bedeutung der 

Einflußfaktoren auf das Innovationsverhalten im Bereich abwasservermindernder Verfahren. 

Die Bedeutung der in Abbildung 1 dargestellten denkbaren Einflußfaktoren wurde über eine 

schriftliche Unternehmensbefragung gewonnen. Die Bedeutung der Faktoren wurde wieder 

getrennt für End-of-pipe und integrierte Verfahren abgefragt. Die Antworten sollten sich auf 

den Zeitraum 1996 bis 1998 beziehen. Die aktuelle und kurze Zeitspanne reduziert das Risiko 

von „Durchschnittsantworten“ und ist noch relativ gut im Gedächtnis der Probanden 

verankert. Die Gründe für die Realisierung einer abwasservermindernden 

Verfahrensinnovation wurde über die damit verbundenen Ziele der Standorte ermittelt. Die 
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Gründe der Standorte, von (weiteren) abwasservermindernden Verfahrensinnovationen 

abzusehen, wurden direkt abgefragt. 

 

Hyothese 1: Die FuE-Tätigkeit im Bereich abwasservermindender Verfahren wird von 

den größten Unternehmen innerhalb des chemischen Sektors dominiert. Diese 

dominieren auch bei der Innovation entsprechender Verfahren 
 

Die Auswahl der chemischen Unternehmen erfolgte über eine Schichtenstichprobe mit 4 

Schichten. Schichtungsmerkmal war die Unternehmensgröße (gemessen über die 

Beschäftigtenzahl). Von den 80 ausgewählten Unternehmen haben 31 geantwortet. Die 31 

Probanden wurden gebeten, ihre Antworten auf einen Unternehmensstandort zu beziehen, um 

das Risiko von „Durchschnittsantworten“ zu reduzieren.  

 

Da die chemische Industrie stark konzentriert ist und 9 der größten 20 Unternehmen 

geantwortet haben, repräsentieren die 31 Unternehmenstandorte - gemessen an der Anzahl der 

Beschäftigten - ungefähr ein Viertel der chemischen Industrie der alten Bundesländer.  

 

 Zwischen der Größe des Unternehmesstandortes und der Innovationstätigkeit konnte 

kein systematischer Zusammenhang festgestellt werden. Dies mag aber auch an dem sehr 

groben Indikator liegen. Hingegen konnte ein eindeutiger Zusammenhang zwischen FuE-

Tätigkeit und Unternehmensgröße für den Zeitraum 1991 bis 1998 ermittelt werden. Die drei 

Unternehmen BASF, Bayer und Aventis (ehemals Hoechst) dominieren eindeutig die FuE-

Tätigkeit sowohl bei End-of-pipe als auch bei integrierten Verfahren, die Stoffe recyclen. Bei 

letzteren ist die Dominanz noch sehr viel ausgeprägter. Die verbleibenden 28 der 31 

Unternehmen haben fast überhaupt keine Patentanmeldungen sowohl bei End-of-pipe wie 

auch bei integrierten Verfahren zu verzeichnen. Hypothese 1 läßt sich somit hinsichtlich der 

FuE-Tätigkeit bestätigen. 
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Hypothese 2: Auf Ingenieurdienstleistungen spezialisierte Anbieter sind von großer 

Bedeutung bei der Entwicklung und Implementierung von abwasser-verminderndern 

Verfahren 
 

Die Auswahl der auf Ingenieurdienstleistungen spezialisierten Unternehmen erfolgte über das 

Ausstellerverzeichnis der internationalen Fachmesse „Technik für Umweltschutz und 

Entsorgung“ in Düsseldorf (1998). Unternehmen wie Linde und Preussag meldeten ähnlich 

viele Patente im Bereich der End-of-pipe Verfahren wie BASF, Bayer oder Aventis zwischen 

1991 und 1998 an. Im Gegensatz zu den chemischen Unternehmen liegt hier aber der 

Schwerpunkt auf der biologischen Abwasserreinigung. Während die verbleibenden 

chemischen Unternehmen fast überhaupt keine Patentanmeldungen vorzuweisen haben, gibt 

es bei den auf Ingenieurdienstleistungen spezialisierten Anbietern eine Vielzahl von 

Unternehmen, die zumindest einige Patente im Bereich der End-of-pipe Verfahren 

angemeldet haben. Die FuE-Tätigkeit im Bereich der Recycling-Verfahren fällt bei auf 

Ingenieurdienstleistungen spezialisierten Anbietern im Vergleich zu BASF, Bayer und 

Aventis deutlich geringer aus. Dies ist wenig überraschend, denn diese Chemieriesen haben in 

der Vergangenheit ein umfangreiches Wissen bei der Optimierung von Produktionsverfahren 

akkumuliert. Neu ist nur die Richtung der Verfahrensoptimierung. Die Ergebnisse aus der 

Untersuchung der Patentanmeldungen scheinen also die Hypothese 2 hinsichtlich der End-of-

pipe Verfahren zu stützen. 

 

Durchgeführte Fallstudien und Interviews mit Mitarbeitern von auf 

Ingenieurdienstleistungen spezialisierten Anbietern und chemischen Unternehmen legen die 

Vermutung nahe, daß die Gestaltung der Zusammenarbeit zwischen auf 

Ingenieurdienstleistungen spezialisierten Anbietern und chemischen Unternehmen 

technologieabhängig ist. Im Bereich der End-of-pipe Verfahren erwerben chemische 

Unternehmen oftmals Standardverfahren oder nur leicht modifizierte Standardverfahren von 

spezialiserten Anbietern. Im Bereich der integrierten Verfahren ist der Erwerb 

schlüsselfertiger Anlagen von geringerer Bedeutung. Hier unterstützen Anbieter die 

Entwicklung von unternehmensspezifischen Verfahren, Anlagen und Apparaturen. 

 



 152 

Hypothese 3: Umweltpolitik ist der wichtigste Impuls für abwasservermindernde 

Verfahrensinnovationen 
 

Als denkbare Impulse für abwasservermindernde Verfahrensinnovationen wurden 

Umweltregulierungen, Reputationsgewinne und Einsparung von Material identifiziert. Die 

Unternehmensbefragung hat ergeben, daß Umweltregulierungen den bei weitem wichtigsten 

Impuls sowohl für End-of-pipe als auch für integrierte Innovationen darstellten. Für 

mindestens 80 Prozent der antwortenden Unternehmen waren Umweltregulierungen der 

jeweils wichtigste Impuls beziehungsweise gehörte mit zu den wichtigsten 

Innovationsimpulsen. Die aus der Stichprobe gewonnen Ergebnisse stützen also Hypothese 3 

sowohl für End-of-pipe als auch für integrierte Technologien. Die Reduzierung von 

Materialkosten spielte die geringste Rolle als Innovationsimpuls.  

 

Hypothese 4: Die Einhaltung bestehender Grenzwerte stellt den wichtigsten Grund für 

die Unternehmensstandorte dar, keine (weiteren) gewässerschützende Innovationen zu 

realisieren 
 

Im Bereich der End-of-pipe Innovationen stellt die fehlende Verschärfung von Grenzwerten 

das wichtigste Innovationshemmnis für die Unternehmensstandorte dar. Weitere wichtige 

Innovationshemmnisse für End-of-pipe Innovationen waren (in der Reihenfolge abnehmender 

Bedeutung) die Einführung integrierter zu Lasten von End-of-pipe Technologien, eine lange 

Amortisationsdauer und die Konzentration auf das Kerngeschäft. 

 

Bei integrierten Innovationen stellte die Kosteneffizienz schon bestehender 

Produktionsanlagen das wichtigste Innovationshemmnis dar. Weitere wichtige Hemmnisse 

sind (wieder in Reihenfolge abnehmender Bedeutung) die fehlende Verschärfung von 

Grenzwerten, eine lange Amortisationsdauer und die Konzentration auf das Kerngeschäft. 

Aufgrund dieser Ergebnisse läßt sich Hypothese 4 - fehlende Impulse von nicht verschärften 

Grenzwerten sind das größte Innovationshindernis - hinsichtlich von integrierten Techno-

logien nicht mehr stützen. 

 



 153 

Hypothese 5: Die Innovationshemmnisse für gewässerschützende 

Verfahrensinnovationen unterscheiden sich systematisch zwischen Unternehmens-

standorten, die freiwillige Selbstverpflichtungen eingehen, und Standorten, die davon 

absehen 
 

Ungefähr zwei Drittel der Unternehmensstandorte der Stichprobe nehmen an dem weltweiten 

Programm der chemischen Industrie „Responsible Care“ teil. Die Teilnehmer verpflichten 

sich hierbei, umweltbezogene Prinzipien in ihre Unternehmenstätigkeit einzubinden. Folglich 

darf erwartet werden, das sich die Bedeutung der Bestimmungsgründe für die 

Nichteinführung von abwasservermindernden Innovationen systematisch zwischen 

Unternehmensstandorten, die an „Responsible Care“ teilnehmen, und Standorten, die von der 

Teilnahme absehen, unterscheiden. Entgegen dieser als Hypothese 5 formulierten Erwartung 

hat sich nur bei einem Innovationshemmnis ein statistisch signifikanter Unterschied zwischen 

den beiden Gruppen ergeben. Für fast 50 Prozent der Unternehmensstandorte, die an 

„Responsible Care“ teilnehmen, ist die Einführung von integrierten Technologien zu Lasten 

von End-of-pipe Technologien das wichtigste Hemmnis für End-of-pipe Innovationen. Bei 

den Standorten, die nicht an „Responsible Care“ teilnehmen, spielt die Einführung von 

integrierten Technologien zu Lasten von End-of-pipe Technologien als Hemmnis für End-of-

pipe Innovationen nur eine geringe Bedeutung. 

 

Schlußfolgerungen und Politikempfehlungen 
 

Aus den Ergebnissen dieser Untersuchung können m.E. insbesondere vier Rückschlüsse 

gezogen werden.  

 

Erstens, freiwillige Selbstverpflichtungen wie das „Responsible Care“ Programm 

alleine reichen nicht aus, um die Wasserqualität durch technologische Maßnahmen zu 

verbessern. Abgesehen von den ganz großen Unternehmen wie beispielsweise BASF und 

Bayer (die stark dem Blick der Öffentlichkeit ausgesetzt sind), scheint der Druck 

verschiedener Stakeholder nicht groß genug zu sein, die weitreichenden (jedoch nur qualitativ 

ausformulierten Ziele) des „Responsible Care“ Programm auch im betrieblichen Alltag 

umzusetzen. Für fast jeden zweiten Unternehmensstandort, der am „Responsible Care“ 
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Programm teilnimmt, stellt daher die Einhaltung bestehender Grenzwerte den wichtigsten 

Grund dar, von weiteren End-of-pipe oder integrierten Innovationen abzusehen.  

 

 Zweitens, wenn von der Gesellschaft eine über dem bisherigen Niveau liegende 

Wasserqualität gefordert wird, sind weiter staatliche Umweltregulierungen notwendig. Für 

mindestens 80 Prozent der antwortenden Unternehmensstandorte waren Umweltregulierungen 

der wichtigste Impuls beziehungsweise gehörten mit zu den wichtigsten Impulsen sowohl für 

End-of-pipe als auch für integrierte Innovationen. Da die relative Bedeutung der 

Innovationsimpulse von Grenzwerten und Abwasserabgaben aufgrund deren Verquickung 

einer empirischen Überprüfung schwer zugänglich war und sich auch aus theoretischer 

Perspektive keine eindeutigen Ergebnisse ableiten lassen, wird der bestehende Policy Mix aus 

Grenzwerten und Abgaben als sinnvoll erachtet.  

 

Drittens erscheint es sinnvoll, bei der Vergabe von Subventionen zur Stimulierung von 

gewässerschützenden Verfahrensinnovationen insbesondere Kooperationen zwischen 

chemischen Unternehmen und auf Ingenieurdienstleistungen spezialisierte Anbietern zu 

berücksichtigen, da durch letztere eine starke Ausbreitung der bei den Kooperationen 

gewonnen Erkenntnisse erwartet werden kann.  

 

Schließlich werden staatliche Aktivitäten als sinnvoll erachtet, die das Bewußtsein für die 

Bedeutung von Umweltschutztechnologien für eine nachhaltige Entwicklung bei 

Wirtschaftsorganisationen wie dem DIHT und bei Unternehmensberatungen erhöhen. Davon 

versprechen wir uns eine Stärkung des Umweltbewußtsein bei den (Mitglieds-) Unternehmen 

und damit eine Bedeutungsreduzierung des Innovationshemmnisses „Konzentration auf das 

Kerngeschäft“.  
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2 Telephone interviews  
 

 

First, is your company a direct or indirect discharger or both? 

 

 

Second, did your company introduce new or improved end-of-pipe technologies treating waste water and sewage 

sludge between 1991 and 1995? 

 

 

Third, did your company introduce new or improved waste water reducing production-integrated technologies 

between 1991 and 1995? 
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3 Questionnaires for the postal survey 
 

 Questionnaire for indirect dischargers  
 

How to fill the questionnaire 

Cross the box q to indicate the correct answer. If there is more than one cross possible, we will give a hint. 
 
Use the large boxes       to fill in the correct notes. 
 
Do only skip questions if indicated. 
 
For checkbacks please contact: 
 
Institut für Volkswirtschaftslehre und Recht 
Keplerstr. 17, 9. OG 
70174 Stuttgart  
 
Prof. Dr. Frank C. Englmann  Telefon: 0711 / 121-3542 
 
Dipl-Vw. Frank Becker   Telefon: 0711 / 121-2449 
 
Please send back this questionnaire to the above address until the 31st of May 1999 
 

Definition of technologies that avoid, reduce  or treat waste water 
 
We distinguish two classes of technologies in this questionnaire: 
 
• waste water treating end-of pipe technologies : these technologies are added to actual production processes and 

treat waste water and sewage sludge. 
 
• waste water reducing production-integrated technologies : these technologies alter or substitute the incumbent 

production processes and aim at reducing or avoiding waste water and sewage sludge. 
 
We ask almost the same questions separately for both classes of technologies. 
 
Examples for technologies that avoid, reduce or treat waste water 
 
End-of-pipe technologies: 
 
• waste water treatment plants that are able to deal with a larger number of pollutants 
 
Production-integrated technologies: 
 
• use of new chemical syntheses  
• use of new catalysts  
• use of new solvents  
• change in operational settings 
• use of alternative input material for chemical syntheses  
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General questions 
 
1. Is your company part of a group of companies? 
 
 Yes.........q No..............q 

Z Note: 
 

If you crossed „yes“, please refer your subsequent answers only to the establishment you are working – not 
on the whole group of companies. 
 

R&D and innovation of waste water treating end-of-pipe technologies  

Z Information: 
 

We define Research and Development (R&D) as systematic and creative work, aiming to extend basic 
knowledge. R&D also includes the use of current knowledge for  new applications. 
 
We define innovation as the introduction of technologies that are new or improved from the viewpoint of 
your firm. These technologies can either be acquired externally or be developed by internal resources. 

 

2. Did your company introduce new or improved waste water treating end-of-pipe technologies between 1996 and 

1998? 

 Yes.........q No..............q ⇒ please continue with question No 13 
 

Z Information: 
 

We define R&D co-operation as an activity where at least two actors (your firm and another institution) 

carry out a common R&D activity. Each actor has to perform a corresponding R&D input. 

 

3. Was at least one of the waste water treating end-of-pipe technologies which your company introduced between 1996 

and 1998 the result of in-house R&D activities? 

 

 No ..........q ⇒ please continue with question No 8 

 Yes.........q, by (several answers possible): 
 
 In-house activities only...................................................................................................q 
 
 co-operation with other firms or institutions ................................................................q 
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4. Please give an example of a R&D-project carried out between 1996 and 1998 in the field of waste water treating 

end-of-pipe technologies: 
 

 
 
 

 
 

5. How did your company appropriate the results of the R&D-project you have mentioned in question No 4 (several 

answers possible)? 

  
 Patent application............................................................................................................q 
 
 Selling of licences ...........................................................................................................q 
 
 Cost reduction vis -à-vis competitors .............................................................................q 
 
 Technical lead vis -à-vis competitors .............................................................................q 
 
 

6. Did your company avoid to patent at least one result of the R&D-projects carried out between 1996 and 1998 in the 

field of waste water treating end-of-pipe technologies? 

 

 Yes.........q No..............q ⇒ please continue with question No 8 
 
 

 

7. Why did your company avoid to patent at least one result of the R&D-projects (several answers possible)? 

 Patent fees were too high......................................................................q 
 
 No intention to make the results public...............................................q 
 
 Others (please specify).................q  ⇒   
 
 
Company objectives and innovation activities in the field of waste water treating end-of-pipe technologies  
 

8. Did your company acquire at least one waste water treating end-of-pipe technology externally between 1996 and 

1998? 

 

 Yes.........q No..............q 
 
 
9. Please give an example of an important waste water treating end-of-pipe technology your company has introduced 

between 1996 and 1998: 
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10. What importance did the subsequent objectives (10.1 till 10.9) have for all innovation activities between 1996 and 

1998 in the field of waste water treating end-of-pipe technologies? 

Z Note: 
 

If some of the regulations of 10.1 till 10.5 are not relevant to your company please cross „not correct“. 
If your company already meets relevant regulations before the realisation of the waste water treating end-
of-pipe innovation, cross „no importance at all“. 
 

 no very 
 importance large 
 at all importance 
 not 
 1 2 3 4 5 relevant 
 
10.1 Compliance with emission standards ............q -----q -----q-----q-----q q 
 of appendix 22 
 
10.2 Compliance with emission standards of ........q -----q -----q-----q-----q q 
 other appendices, e.g. appendix 30 
 
10.3 Compliance with emission standards .............q -----q -----q-----q-----q q 
 of the Bundesland 
 
10.4 Compliance with emission standards .............q -----q -----q-----q-----q q 
 of the municipality 
 
10.5 Compliance with self-commitments...............q -----q -----q-----q-----q q 
 
 
10.6 Anticipation of stricter emission standards....q -----q -----q-----q-----q 
 in the future 
 
 
10.7 Reduction of waste water charges ..................q -----q -----q-----q-----q 
 
 
10.8 Reduction of sewage sludge to reduce ...........q -----q -----q-----q-----q 
 disposal costs  
 
10.9 Environmental policy of your company: 
 
 Reduction of possible conflicts ..........q -----q -----q-----q-----q 
 with the neighbourhood 
 
 
 Reduction of possible conflicts ..........q -----q -----q-----q-----q 
 with non-governmental 
 organisations (BUND etc.) 
 
 Reduction of possible conflicts .........q -----q -----q-----q-----q 

with employees of the company 
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Innovation strategy of waste water treating end-of-pipe technologies  
 

11. What importance did the subsequent sources of information have for all innovations between 1996 and 1998 in the 

field of end-of-pipe technologies? 

 

 no very 
 importance large 
 at all importance 

 

 1 2 3 4 5  
 
 In-house R&D ..................................................q -----q -----q-----q-----q 
 
 
 Others companies of the business group........q -----q -----q-----q-----q 
 
 
 Specialised suppliers of equipment ................q -----q -----q-----q-----q 
 
 
 Technical consultants.......................................q -----q -----q-----q-----q 
 
 
 Competitors ......................................................q -----q -----q-----q-----q 
 
 
 Universities, etc................................................q -----q -----q-----q-----q 
 
 
 Research institutes (Fraunhofer, etc.).............q -----q -----q-----q-----q 
 
 
 Acquisition of licences ....................................q -----q -----q-----q-----q 
 
 
 Patent information............................................q -----q -----q-----q-----q 
 
 
 Workshops and journals ..................................q -----q -----q-----q-----q 
 
 
 Others (please specify which and how)..........q -----q -----q-----q-----q 
 
  
 
 

 

12. Please cross, how many percent of your end-of-pipe innovations carried out between 1996 and 1998 would not 

have been realised without the support of specialised equipment supplier or technical consultants? 

 till above above above above  
 20% 20% 40% 60% 80%  
 
 ...........................................................................q q q q q 
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13. What importance did the subsequent reasons have for either not carrying out innovations at all or for not carrying 

out additional innovations between 1996 and 1998 in the field of end-of-pipe technologies? 

 

 no very 
 importance large 
 at all importance 

 

 1 2 3 4 5  
 
 Pay-back period too long.................................q -----q -----q-----q-----q 
 
 
 No need for innovations, because ..................q -----q -----q-----q-----q 
 emission standards are already met  
 
 
 Focus on the core business..............................q -----q -----q-----q-----q 
 
 
 Lack of technology suppliers ..........................q -----q -----q-----q-----q 
 
 
 Lack of opportunities for co-operation...........q -----q -----q-----q-----q 
 
 
 Lack of qualified personal...............................q -----q -----q-----q-----q 
 
 
 Opposition of employees .................................q -----q -----q-----q-----q 
 
 
 Technology does not belong to ......................q -----q -----q-----q-----q 
 traditional R&D-activities / technological 
 competence 
 
 Implementation of integrated .........................q -----q -----q-----q-----q 
 technology at the expense of end-of-pipe 
 technology 
 
 Others (please specify which and how)..........q -----q -----q-----q-----q 
 
 
 
 
R&D and innovation of waste water reducing production-integrated technologies  
 

14. Did your company introduce new or improved waste water reducing production-integrated technologies between 

1996 and 1998? 

 

 Yes.........q No..............q ⇒ please continue with question No 25 
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15. Was at least one of the waste water reducing production-integrated technologies which your company introduced 

between 1996 and 1998 the result of in-house R&D activities? 

 

 No ..........q ⇒ please continue with ques tion No 20 

 

 Yes.........q, by (several answers possible): 
 
 internal activities only.....................................................................................................q 
 
 co operation with other firms or institutions.................................................................q 
 
 
16. Please give an example of a R&D-project carried out between 1996 and 1998 in the field of waste water reducing 

production-integrated technologies : 
 

The R&D activities of that project referred to (several answers possible): 
 

 new syntheses ........................................................................................q 
 
 a new catalyst........................................................................................q 
 
 new solvent............................................................................................q 
 
 operational settings ...............................................................................q 
 
 alternative input material......................................................................q 
 
 Others (please specify) 
 
 
 Please specify the product that belongs to the process above: 
 

 
 
 
 

 
 

17. How did your company appropriate the results of the R&D-project you have mentioned in question No 16 (several 

answers possible)? 

  
 
 Patent application............................................................................................................q 
 
 Selling of licences ...........................................................................................................q 
 
 Cost reduction vis -à-vis competitors .............................................................................q 
 
 Technical lead vis -à-vis competitors .............................................................................q 
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18. Did your company avoid to patent at least one result of the R&D-projects carried out between 1996 and 1998 in the 

field of waste water reducing production-integrated technologies? 

 

 

 Yes.........q No..............q ⇒ please continue with question No 20 
 

 

19. Why did your company avoid to patent at least one result of the R&D-projects (several answers possible)? 

 

 Patent fees were too high......................................................................q 
 
 No intention to make the results public...............................................q 
 
 Others (please specify) q  ⇒  
  
 
Company objectives and innovation in the field of waste water reducing production-integrated technologies  

 

20. Did your company acquire at least one waste water reducing production-integrated technology externally between 

1996 and 1998? 

 

 Yes.........q No..............q 

 
 
 
21. Please give an example of an important waste water reducing production-integrated technology your company has 

introduced between 1996 and 1998: 
 

The production-integrated technology includes (several answers possible): 
 

 a new syntheses .....................................................................................q 
 
 a new catalyst........................................................................................q 
 
 a new solvent.........................................................................................q 
 
 change in operational settings..............................................................q 
 
 alternative input material......................................................................q 
 
 Others (please specify) 
 
 Please specify the product that belongs to the process above: 
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22. What importance did the subsequent objectives  (22.1 till 22.10) have for all innovation activities between 1996 and 

1998 in the field of waste water reducing production-integrated technologies? 

Z Note: 
 

If some of the regulations of 22.1 till 22.5 are not relevant to your company please cross „not correct“. 
If your company already meets relevant regulations before the realisation of the waste water reducing 
production-integrated innovation, cross „no importance at all“. 
 

 no very 
 importance large 
 at all importance 
 not 
 1 2 3 4 5 relevant 
 
22.1 Compliance with emission standards .............q -----q -----q-----q-----q q 
 of appendix 22 
 
22.2 Compliance with emission standards of.........q -----q -----q-----q-----q q 
 other appendices, e.g. appendix 30 
 
22.3 Compliance with emission standards .............q -----q -----q-----q-----q q 
 of the Bundesland 
 
22.4 Compliance with emission standards .............q -----q -----q-----q-----q q 
 of the municipality 
 
22.5 Compliance with self-commitments...............q -----q -----q-----q-----q q 
 
22.6 Anticipation of stricter emission standards....q -----q -----q-----q-----q 
 in the future 
 
22.7 Reduction of waste water charges ..................q -----q -----q-----q-----q 
 
22.8 Reduction of sewage sludge to reduce ...........q -----q -----q-----q-----q 
 disposal costs  
 
22.8 Reduction of material costs ............................q -----q -----q-----q-----q  (recycling of substances in waste  
 water streams) 
 
22.10 Environmental policy of your company: 
 
 Reduction of possible conflicts ..........q -----q -----q-----q-----q 
 with the neighbourhood 
 
 Reduction of possible conflicts ..........q -----q -----q-----q-----q 
 with non-governmental 
 organisations (BUND etc.) 
 
 Reduction of possible conflicts .........q -----q -----q-----q-----q 

with employees of the company 
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Innovation and innovation strategy of waste water reducing integrated technologies  
 

23. What importance did the subsequent sources of information have for all innovations between 1996 and 1998 in the 

field of waste water reducing production-integrated technologies? 

 

 no very 
 importance large 
 at all importance 

 

 1 2 3 4 5  
 
 In-house R&D ..................................................q -----q -----q-----q-----q 
 
 
 Other companies of the business group..........q -----q -----q-----q-----q  
 
 
 Specialised supplier of equipment..................q -----q -----q-----q-----q 
 
 
 Technical consultants.......................................q -----q -----q-----q-----q 
 
 
 Competitors ......................................................q -----q -----q-----q-----q 
 
 
 Universities, etc................................................q -----q -----q-----q-----q 
 
 
 Research institutes (Fraunhofer, etc.).............q -----q -----q-----q-----q 
 
 
 Acquisition of licences ....................................q -----q -----q-----q-----q 
 
 
 Patent information............................................q -----q -----q-----q-----q 
 
 
 Workshops and journals ..................................q -----q -----q-----q-----q 
 
 
 Others (please specify which and how)..........q -----q -----q-----q-----q 
 
  
 
 

 

24. Please cross, how many percent of your production-integrated innovations carried out between 1996 and 1998 

would not have been realised without the support of specialised equipment supplier or technical consultants? 

 till above above above above  
 20% 20% 40% 60% 80%  
 
 ...........................................................................q q q q q 
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25. What importance did the subsequent reasons have for either not carrying out innovations at all or for not carrying 

out additional innovations between 1996 and 1998 in the field of production-integrated technology? 

 

 no very 
 importance large 
 at all importance 

 

 1 2 3 4 5  
 
 Pay-back period too long.................................q -----q -----q-----q-----q 
 
 
 Integrated technology takes a long time to....q -----q -----q-----q-----q 
 implement and does not eliminate the need 
 for end-of-pipe technology 
 
 
 No need for innovations, because ..................q -----q -----q-----q-----q 
 emission standards are already met 
 
 
 Focus on the core business..............................q -----q -----q-----q-----q 
 
 
 No need for innovations, because plants........q -----q -----q-----q-----q 
 are already cost-efficient 
 
 
 Lack of technology suppliers ..........................q -----q -----q-----q-----q 
 
 
 Lack of opportunities for co-operation...........q -----q -----q-----q-----q 
 
 
 Lack of qualified personal...............................q -----q -----q-----q-----q 
 
 
 Opposition of employees .................................q -----q -----q-----q-----q 
 
 
 Technology does not belong to ......................q -----q -----q-----q-----q 
 traditional R&D activities / technological 
 competence 
 
 
 Others (please specify which and how)..........q -----q -----q-----q-----q 
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Environmental Effects of the example in question No 21 
 
26. About how many percent did you company reduce waste water by the innovation mentioned in question 21? 
 
 %  
 

 Reduction of CSB in % ..................................................................................................   
 Reduction of AOX in %.................................................................................................   

 Reduction of the amount of waste water  in %.............................................................   

 Reduction of an inorganic substance in % (please specify)........................................   

 
Thank you for your co-operation! 

 
Name:........................................................................................................................................................ 
 
Position within the company:................................................................................................................. 
 
Telephone:................................................................................................................................................ 
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 Questionnaire for direct dischargers  
 

How to fill the questionnaire 

Cross the box q to indicate the correct answer. If there is more than one cross possible, we will give a hint. 
 
Use the large boxes       to fill in the correct notes. 
 
Do only skip questions if indicated. 
 
For checkbacks please contact: 
 
Institut für Volkswirtschaftslehre und Recht 
Keplerstr. 17, 9. OG 
70174 Stuttgart  
 
Prof. Dr. Frank C. Englmann  Telefon: 0711 / 121-3542 
 
Dipl-Vw. Frank Becker   Telefon: 0711 / 121-2449 
 
Please send back this questionnaire to the above address until the 31st of May 1999. 

Definition of technologies that avoid, reduce  or treat waste water 
 
We distinguish two classes of technologies in this questionnaire: 
 
• waste water treating end-of pipe technologies : these technologies are added to actual production processes  and 

treat waste water and sewage sludge. 
 
• waste water reducing production-integrated technologies : these technologies alter or substitute the incumbent 

production processes and aim at reducing or avoiding waste water and sewage sludge. 
 
We ask almost the same questions separately for both classes of technologies. 
 
Examples for technologies that avoid, reduce or treat waste water 
 
End-of-pipe technologies: 
 
• waste water treatment plants that are able to deal with a larger number of pollutants 
 
Production-integrated technologies: 
 
• use of new chemical syntheses  
• use of new catalysts  
• use of new solvents  
• change in operational settings 
• use of alternative input material for chemical syntheses  
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General questions 
 
1. Is your company part of a group of companies? 
 
 Yes.........q No..............q 
 

Z Note: 
 

If you crossed „yes“, please refer your subsequent answers only to the establishment you are working – not 
on the whole group of companies. 
 

R&D and innovation of waste water treating end-of-pipe technologies  

Z Information: 
 

We define Research and Development (R&D) as systematic and creative work, aiming to extend basic 
knowledge. R&D also includes the use of current knowledge for  new applications. 
 
We define innovation as the introduction of technologies that are new or improved from the viewpoint of 
your firm. These technologies can either be acquired externally or be developed by internal resources. 

 

2. Did your company introduce new or improved waste water treating end-of-pipe technologies between 1996 and 

1998? 

 

 Yes.........q No..............q ⇒ please continue with question No 13 
 

Z Information: 
 

We define R&D co-operation as an activity where at least two actors (your firm and another institution) 

carry out a common R&D activity. Each actor has to perform a corresponding R&D input. 

 

3. Was at least one of the waste water treating end-of-pipe technologies which your company introduced between 1996 

and 1998 the result of in-house R&D activities? 

 

 No ..........q ⇒ please continue with question No 8 

 

 Yes.........q, by (several answers possible): 
 
 In-house activities only...................................................................................................q 
 
 co-operation with other firms or institutions ................................................................q 
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4. Please give an example of a R&D-project carried out between 1996 and 1998 in the field of waste water treating 

end-of-pipe technologies: 
 

 
 
 

 
 

5. How did your company appropriate the results of the R&D-project you have mentioned in question No 4 (several 

answers possible)? 

 

  
 Patent application............................................................................................................q 
 
 Selling of licences ...........................................................................................................q 
 
 Cost reduction vis -à-vis competitors .............................................................................q 
 
 Technical lead vis -à-vis competitors .............................................................................q 
 
 
 

6. Did your company avoid to patent at least one result of the R&D-projects carried out between 1996 and 1998 in the 

field of waste water treating end-of-pipe technologies? 

 

 Yes.........q No..............q ⇒ please continue with question No 8 
 

 

7. Why did your company avoid to patent at least one result of the R&D-projects (several answers possible)? 

 

 Patent fees were too high......................................................................q 
 
 No intention to make the results public...............................................q 
 
 Others (please specify).................q  ⇒   
 
 
Company objectives and innovation activities in the field of waste water treating end-of-pipe technologies  
 

8. Did your company acquire at least one waste water treating end-of-pipe technology externally between 1996 and 

1998? 

 Yes.........q No..............q 
 
 
9. Please give an example of an important waste water treating end-of-pipe technology your company has introduced 

between 1996 and 1998: 
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10. What importance did the subsequent objectives (10.1 till 10.9) have for all innovation activities between 1996 and 

1998 in the field of waste water treating end-of-pipe technologies? 

Z Note: 
 

If some of the regulations of 10.1 till 10.3 are not relevant to your company please cross „not correct“. 
If your company already meets relevant regulations before the realisation of the waste water treating end-
of-pipe innovation, cross „no importance at all“. 
 

 no very 
 importance large 
 at all importance 
 not 
 1 2 3 4 5 relevant 
 
10.1 Compliance with emission standards ............q -----q -----q-----q-----q q 
 of appendix 22 
 
10.2 Compliance with emission standards of ........q -----q -----q-----q-----q q 
 other appendices, e.g. appendix 30 
 
 
10.3 Compliance with self-commitments...............q -----q -----q-----q-----q q 
 
 
10.4 Anticipation of stricter emission standards....q -----q -----q-----q-----q 
 in the future 
 
 
10.5 Reduction of waste water charges ..................q -----q -----q-----q-----q 
 
 
10.6 Reduction of sewage sludge to reduce ...........q -----q -----q-----q-----q 
 disposal costs  
 
 
10.7 Environmental policy of your company: 
 
 Reduction of possible conflicts ..........q -----q -----q-----q-----q 
 with the neighbourhood 
 
 Reduction of possible conflicts ..........q -----q -----q-----q-----q 
 with non-governmental 
 organisations (BUND etc.) 
 
 Reduction of possible conflicts .........q -----q -----q-----q-----q 

with employees of the company 
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Innovation strategy of waste water treating end-of-pipe technologies  
 

11. What importance did the subsequent sources of information have for all innovations between 1996 and 1998 in the 

field of end-of-pipe technologies? 

 

 no very 
 importance large 
 at all importance 

 

 1 2 3 4 5  
 
 In-house R&D ..................................................q -----q -----q-----q-----q 
 
 
 Others companies of the business group........q -----q -----q-----q-----q 
 
 
 Specialised suppliers of equipment ................q -----q -----q-----q-----q 
 
 
 Technical consultants.......................................q -----q -----q-----q-----q 
 
 
 Competitors ......................................................q -----q -----q-----q-----q 
 
 
 Universities, etc................................................q -----q -----q-----q-----q 
 
 
 Research institutes (Fraunhofer, etc.).............q -----q -----q-----q-----q 
 
 
 Acquisition of licences ....................................q -----q -----q-----q-----q 
 
 
 Patent information............................................q -----q -----q-----q-----q 
 
 
 Workshops and journals ..................................q -----q -----q-----q-----q 
 
 
 Others (please specify which and how)..........q -----q -----q-----q-----q 
 
  
 
 

 

12. Please cross, how many percent of your end-of-pipe innovations carried out between 1996 and 1998 would not 

have been realised without the support of specialised equipment supplier or technical consultants? 

 till above above above above  
 20% 20% 40% 60% 80%  
 
 ...........................................................................q q q q q 
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13. What importance did the subsequent reasons have for either not carrying out innovations at all or for not carrying 

out additional innovations between 1996 and 1998 in the field of end-of-pipe technologies? 

 

 no very 
 importance large 
 at all importance 

 

 1 2 3 4 5  
 
 Pay-back period too long.................................q -----q -----q-----q-----q 
 
 
 No need for innovations, because ..................q -----q -----q-----q-----q 
 emission standards are already met  
 
 
 Focus on the core business..............................q -----q -----q-----q-----q 
 
 
 Lack of technology suppliers ..........................q -----q -----q-----q-----q 
 
 
 Lack of opportunities for co-operation...........q -----q -----q-----q-----q 
 
 
 Lack of qualified personal...............................q -----q -----q-----q-----q 
 
 
 Opposition of employees .................................q -----q -----q-----q-----q 
 
 
 Technology does not belong to ......................q -----q -----q-----q-----q 
 traditional R&D-activities / technological 
 competence 
 
 Implementation of integrated .........................q -----q -----q-----q-----q 
 technology at the expense of end-of-pipe 
 technology 
 
 Others (please specify which and how)..........q -----q -----q-----q-----q 
 
 
 
 
R&D and innovation of waste water reducing production-integrated technologies  
 

14. Did your company introduce new or improved waste water reducing production-integrated technologies between 

1996 and 1998? 

 

 Yes.........q No..............q ⇒ please continue with question No 25 
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15. Was at least one of the waste water reducing production-integrated technologies which your company introduced 

between 1996 and 1998 the result of in-house R&D activities? 

 

 No ..........q ⇒ please continue with question No  20 

 

 Yes.........q, by (several answers possible): 
 
 internal activities only.....................................................................................................q 
 
 co operation with other firms or institutions.................................................................q 
 
 
16. Please give an example of a R&D-project carried out between 1996 and 1998 in the field of waste water reducing 

production-integrated technologies : 
 

The R&D activities of that project referred to (several answers possible): 
 

 new syntheses ........................................................................................q 
 
 a new catalyst........................................................................................q 
 
 new solvent............................................................................................q 
 
 operational settings ...............................................................................q 
 
 alternative input material......................................................................q 
 
 
 Others (please specify) 
 
 
 Please specify the product that belongs to the process above: 
 

 
 
 
 

 
 
 

17. How did your company appropriate the results of the R&D-project you have mentioned in question No 16 (several 

answers possible)? 

  
 Patent application............................................................................................................q 
 
 Selling of licences ...........................................................................................................q 
 
 Cost reduction vis -à-vis competitors .............................................................................q 
 
 Technical lead vis -à-vis competitors .............................................................................q 
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18. Did your company avoid to patent at least one result of the R&D-projects carried out between 1996 and 1998 in the 

field of waste water reducing production-integrated technologies? 

 

 Yes q No q ⇒ please continue with question No 20 

 

 

19. Why did your company avoid to patent at least one result of the R&D-projects (several answers possible)? 

 

 Patent fees were too high......................................................................q 
 
 No intention to make the results public...............................................q 
 
 Others (please specify) q  ⇒  
  
 
Company objectives and innovation in the field of waste water reducing production-integrated technologies  

 

20. Did your company acquire at least one waste water reducing production-integrated technology externally between 

1996 and 1998? 

 

 Yes.........q No..............q 
 
 
21. Please give an example of an important waste water reducing production-integrated technology your company has 

introduced between 1996 and 1998: 
 

The production-integrated technology includes (several answers possible): 
 

 a new syntheses .....................................................................................q 
 
 a new catalyst........................................................................................q 
 
 a new solvent.........................................................................................q 
 
 change in operational settings..............................................................q 
 
 alternative input material......................................................................q 
 
 Others (please specify) 
 
 Please specify the product that belongs to the process above: 
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22. What importance did the subsequent objectives (22.1 till 22.10) have for all innovation activities between 1996 and 

1998 in the field of waste water reducing production-integrated technologies? 

Z Note: 
 

If some of the regulations of 22.1 till 22.3 are not relevant to your company please cross „not correct“. 
If your company already meets relevant regulations before the realisation of the waste water reducing 
production-integrated innovation, cross „no importance at all“. 
 

 no very 
 importance large 
 at all importance 
 not 
 1 2 3 4 5 relevant 
 
22.1 Compliance with emission standards .............q -----q -----q-----q-----q q 
 of appendix 22 
 
22.2 Compliance with emission standards of ........q -----q -----q-----q-----q q 
 other appendices, e.g. appendix 30 
 
 
22.3 Compliance with self-commitments...............q -----q -----q-----q-----q 
 
 
22.4 Anticipation of stricter emission standards....q -----q -----q-----q-----q 
 in the future 
 
22.5 Reduction of waste water charges ..................q -----q -----q-----q-----q 
 
 
22.6 Reduction of sewage sludge to reduce ...........q -----q -----q-----q-----q 
 disposal costs  
 
 
22.7 Reduction of material costs ............................q -----q -----q-----q-----q  (recycling of substances in  
 waste water streams) 
 
22.8 Environmental policy of your company: 
 
 Reduction of possible conflicts ..........q -----q -----q-----q-----q 
 with the neighbourhood 
 
 Reduction of possible conflicts ..........q -----q -----q-----q-----q 
 with non-governmental 
 organisations (BUND etc.) 
 
 Reduction of possible conflicts .........q -----q -----q-----q-----q 

with employees of the company 
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Innovation and innovation strategy of waste water reducing integrated technologies  
 

23. What importance did the subsequent sources of information have for all innovations between 1996 and 1998 in the 

field of waste water reducing production-integrated technologies? 

 

 no very 
 importance large 
 at all importance 

 

 1 2 3 4 5  
 
 In-house R&D ..................................................q -----q -----q-----q-----q 
 
 
 Other companies of the business group..........q -----q -----q-----q-----q  
 
 
 Specialised supplier of equipment..................q -----q -----q-----q-----q 
 
 
 Technical consultants.......................................q -----q -----q-----q-----q 
 
 
 Competitors ......................................................q -----q -----q-----q-----q 

 
 
 Universities, etc................................................q -----q -----q-----q-----q 
 
 
 Research institutes (Fraunhofer, etc.).............q -----q -----q-----q-----q 
 
 
 Acquisition of licences ....................................q -----q -----q-----q-----q 
 
 
 Patent information............................................q -----q -----q-----q-----q 
 
 
 Workshops and journals ..................................q -----q -----q-----q-----q 
 
 
 Others (please specify which and how)..........q -----q -----q-----q-----q 
 
  
 
 

 

24. Please cross, how many percent of your production-integrated innovations carried out between 1996 and 1998 

would not have been realised without the support of specialised equipment supplier or technical consultants? 

 till above above above above  
 20% 20% 40% 60% 80%  
 
 ...........................................................................q q q q q 
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25. What importance did the subsequent reasons have for either not carrying out innovations at all or for not carrying 

out additional innovations between 1996 and 1998 in the field of production-integrated technology? 

 

 no very 
 importance large 
 at all importance 

 

 1 2 3 4 5  
 
 Pay-back period too long.................................q -----q -----q-----q-----q 
 
 
 Integrated technology takes a long time to....q -----q -----q-----q-----q 
 implement and does not eliminate the need 
 for end-of-pipe technology 
 
 
 No need for innovations, because ..................q -----q -----q-----q-----q 
 emission standards are already met 
 
 Focus on the core business..............................q -----q -----q-----q-----q 
 
 
 No need for innovations, because plants........q -----q -----q-----q-----q 
 are already cost-efficient 
 
 
 Lack of technology suppliers ..........................q -----q -----q-----q-----q 
 
 
 Lack of opportunities for co-operation...........q -----q -----q-----q-----q 
 
 
 Lack of qualified personal...............................q -----q -----q-----q-----q 
 
 
 Opposition of employees .................................q -----q -----q-----q-----q 
 
 
 Technology does not belong to ......................q -----q -----q-----q-----q 
 traditional R&D activities / technological 
 competence 
 
 Others (please specify which and how)..........q -----q -----q-----q-----q 
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Environmental Effects of the example in question No 21 
 
26. About how many percent did you company reduce waste water by the innovation mentioned in question 21? 
 
 %  
 

 Reduction of CSB in % ..................................................................................................   
 Reduction of AOX in %.................................................................................................   

 Reduction of the amount of waste water  in %.............................................................   

 Reduction of an inorganic substance in % (please specify)........................................   

 
Thank you for your co-operation! 

 
Name:........................................................................................................................................................ 
 
Position within the company:................................................................................................................. 
 
Telephone:................................................................................................................................................ 
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4 Data 
 

Question 21: 

 

“Please give an example of an important waste water reducing production-integrated technology your company 

had introduced between 1996 and 1998. The new production-integrated technology included:” 

 

 Establishments 

Technical characteristics of 

the production-integrated 

technology 

1 2 3 4 5 6 7 8 9 10 11 12 13 

New syntheses          +  +  

New catalyst       +       

New solvent     +         

Change in  

operational settings 

+ + + +   + + + + + + + 

Alternative input material      +     + +  

 

Question 26: 

 

“About how many percent did your company reduce waste water by the innovation mentioned in question 21?” 

 

 Establishments 

Environmental parameter 

and amount of waste water 

(reduction in percent) 

1 2 3 4 5 6 7 8 9 10 11 12 13 

COD 40 10 0 4 - 96 66 0 - 0 - 68 20 

AOX 10 0 0 20 - - - 0 - 0 - 0 15 

Amount of waste water 80 20 30 0 70 - - 29 30 0 - 0 50 

- missing cases  
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Question 10: 

 

“What importance did the subsequent objectives have for all innovation activities between 1996 and 1998 in the 

field of waste water treating end-of-pipe technologies?” 

 

(with 1 denoting not at all important and 5 very important) 

 

 Establishments 

Objectives 1 2 3 4 5 6 7 8 9 10 11 12 

Compliance with emission standards of 

appendix 22 

* 4 5 1 5 1 5 5 * 1 * 1 

Compliance with emission standards of 

other appendices 

* 1 1 1 5 1 * 4 * 1 * 5 

Compliance with emission standards of the 

Bundesland 

3 * * * * * 4 4 * 1 3 * 

Compliance with emission standards of the 

municipality  

3 * * * * * * 5 * 1 1 * 

Compliance with emission standards of 

self-commitments, e.g. “Responsible Care” 

1 3 1 5 5 5 5 1 3 3 1 1 

Anticipation of stricter emission standards 

in the future 

1 1 5 3 5 3 5 2 2 3 1 3 

Reduction of waste water charges 2 3 5 3 5 4 4 4 3 4 1 1 

Reduction of sewage sludge to reduce 

disposal costs  

5 1 2 1 1 1 4 4 2 1 1 1 

Reduction of possible conflicts with the 

neighbourhood 

1 4 1 1 1 1 5 4 1 2 1 1 

Reduction of possible conflicts with non-

governmental organisations 

1 1 1 1 1 1 4 1 2 1 1 1 

Reduction of possible conflicts with 

employees of your company 

3 1 1 1 1 1 4 3 1 1 1 1 

- missing cases  

* not relevant 
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Question 22: 

 

“What importance did the subsequent objectives have for all innovation activities between 1996 and 1998 in the 

field of waste water reducing production-integrated technologies?” 

 

(with 1 denoting not at all important and 5 very important) 

 

 Establishments 

Objectives 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Compliance with emission 

standards of appendix 22 

* * 1 5 1 1 1 5 2 5 1 1 2 * 1 

Compliance with emission 

standards of other 

appendices  

5 * 1 1 1 1 1 5 1 * 1 1 3 * 1 

Compliance with emission 

standards of the 

Bundesland 

* 2 * * * * * * * 4 1 5 4 * 1 

Compliance with emission 

standards of the 

municipality 

* 2 * * * * * * * * 1 5 4 * 4 

Compliance with emission 

standards of self-commit-

ments, e.g. “Responsible 

Care” 

* 1 3 1 5 1 5 * 3 5 1 4 * 3 1 

Anticipation of stricter 

emission standards 

2 1 1 5 1 5 2 - 2 3 1 2 2 2 1 

Reduction of waste water 

charges 

3 5 1 3 3 3 2 1 5 5 4 5 4 3 1 

Reduction of sewage 

sludge to reduce disposal 

costs 

5 4 1 1 1 1 1 - 4 5 1 1 4 2 1 

Reduction of material 

costs (recycling of 

substances in waste water 

streams) 

1 2 5 1 4 1 2 - 5 5 3 5 2 2 1 

- missing cases  

* not relevant 
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Question 10 (cont.): 

 

 Establishments 

Objectives 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Reduction of possible 

conflicts with the 

neighbourhood 

1 1 1 1 1 2 1 5 5 5 1 2 4 1 1 

Reduction of possible 

conflicts with non-

governmental 

organisations 

1 1 1 1 1 2 1 2 5 4 1 2 1 2 1 

Reduction of possible 

conflicts with employees 

of your company 

1 1 1 1 1 2 1 1 3 4 1 3 2 1 1 
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Question 13: 

 

“What importance did the subsequent reasons have for either not carrying out innovations at all or not carrying 

out additional innovations between 1996 and 1998 in the field of end-of-pipe technologies?” 

 

(with 1 denoting not at all important and 5 very important) 

 

 Establishments that participate in the 

“Responsible Care Initiative” 

Reasons for refraining from (further) innovations 1 2 3 4 5 6 7 8 9 

Pay-back period too long 1 1 1 5 1 1 1 1 2 

No need of innovations because emission standards are 

already met 

5 5 5 3 1 1 1 4 5 

Focus on core business 1 1 1 2 4 1 1 5 1 

Lack of technology suppliers 1 1 1 2 1 1 1 3 2 

Lack of opportunities for co-operation 1 1 1 2 1 1 1 4 2 

Lack of qualified personnel 1 1 1 2 1 1 1 1 2 

Opposition of employees 1 1 1 1 1 1 1 2 1 

Technology does not belong to traditional R&D activities / 

technological competence  

1 1 1 3 3 1 1 4 4 

Implementation of integrated technology at the expense of 

end-of-pipe technology 

1 1 1 2 1 5 1 5 5 
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Question 13 (cont.): 

 

 Establishments that participate in the 

“Responsible Care Initiative” 

Reasons for refraining from (further) innovations  10 11 12 13 14 15 16 17 

Pay-back period too long 1 1 1 5 1 4 5 1 

No need of innovations because emission standards are already 

met 

4 2 3 5 4 4 2 5 

Focus on core business 1 1 1 4 1 5 1 1 

Lack of technology suppliers 1 1 1 1 1 1 1 1 

Lack of opportunities for co-operation 1 1 1 1 1 1 1 1 

Lack of qualified personnel 1 1 1 1 1 1 1 1 

Opposition of employees 1 1 1 1 1 1 1 1 

Technology does not belong to traditional R&D activities / 

technological competence 

2 1 1 4 1 1 1 1 

Implementation of integrated technology at the expense of end-of-

pipe technology 

4 3 5 5 2 2 1 5 

 

Question 13 (cont.): 

 

 Establishments that do not participate in the  

“Responsible Care Initiative” 

Reasons for refraining from (further) 

innovations 

18 19 20 21 22 23 24 25 26 27 28 29 

Pay-back period too long 4 1 5 1 4 3 1 1 4 2 4 1 

No need of innovations because emission 

standards are already met 

4 3 5 5 3 1 5 5 2 5 5 5 

Focus on core business 2 5 3 1 3 3 1 1 3 5 3 4 

Lack of technology suppliers 1 1 1 1 1 4 1 1 1 2 1 1 

Lack of opportunities for co-operation 1 1 1 1 1 1 1 1 1 1 1 1 

Lack of qualified personnel 1 1 1 1 1 1 1 1 1 2 1 1 

Opposition of employees 1 1 1 1 1 1 1 1 1 1 3 1 

Technology does not belong to traditional 

R&D activities / technological competence 

1 1 1 1 4 1 1 1 1 5 5 5 

Implementation of integrated technology at 

the expense of end-of-pipe technology 

2 1 2 1 1 3 1 5 1 3 5 1 
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Question 25: 

 

“What importance did the subsequent reasons have for either not carrying out innovations at all or not carrying 

out additional innovations between 1996 and 1998 in the field of production-integrated technologies?” 

 

(with 1 denoting not at all important and 5 very important) 

 

 Establishments that participate in the 

“Responsible Care Initiative” 

Reasons for refraining from (further) innovations 1 2 3 4 5 6 7 8 

Pay-back period too long 1 1 2 5 1 1 2 1 

Integrated technology takes a long time and does not eliminate the 

need for end-of-pipe technology 

1 1 3 2 1 1 5 2 

No need of innovations because emission standards are already 

met 

5 5 5 2 1 1 3 5 

Focus on core business 1 1 1 2 4 1 4 1 

No need of innovations because plants are already cost-efficient 1 5 5 2 1 1 4 5 

Lack of technology suppliers 1 1 1 1 1 - 1 2 

Lack of opportunities for co-operation 1 1 1 2 1 1 1 2 

Lack of qualified personnel 1 1 1 1 1 1 1 1 

Opposition of employees 1 1 1 1 1 1 1 1 

Technology does not belong to traditional R&D activities  

/ technological competence 

1 1 1 3 3 1 4 4 

- missing cases  
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Question 25 (cont.): 

 

 Establishments that participate in the 

“Responsible Care Initiative” 

Reasons for refraining from (further) innovations 9 10 11 12 13 14 15 16 

Pay-back period too long 1 1 3 5 5 1 4 5 

Integrated technology takes a long time and does not eliminate the 

need for end-of-pipe technology 

2 2 1 3 1 1 1 4 

No need of innovations because emission standards are already 

met 

2 1 3 5 5 3 1 1 

Focus on core business 1 1 1 5 4 1 3 1 

No need of innovations because plants are already cost-efficient 4 1 4 5 5 3 2 1 

Lack of technology suppliers 1 1 1 1 1 1 1 1 

Lack of opportunities for co-operation 1 1 1 1 1 1 1 1 

Lack of qualified personnel 1 1 1 1 1 1 1 1 

Opposition of employees 1 1 1 2 1 1 1 1 

Technology does not belong to traditional R&D activities  

/ technological competence 

1 1 1 3 4 1 1 1 
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Question 25 (cont.): 

 

 Establishments that do not participate in the  

“Responsible Care Initiative” 

Reasons for refraining from (further) 

innovations 

17 18 19 20 21 22 23 24 25 26 27 28 

Pay-back period too long 1 1 5 1 4 3 3 1 1 - 2 1 

Integrated technology takes a long time and 

does not eliminate the need for end-of-pipe 

technology 

1 1 4 1 1 3 3 1 1 - 2 - 

No need of innovations because emission 

standards are already met 

3 3 5 5 3 1 5 5 3 - 3 5 

Focus on core business 3 5 5 1 3 3 1 1 3 - 4 4 

No need of innovations because plants are 

already cost-efficient 

4 1 5 5 2 2 3 4 3 4 2 5 

Lack of technology suppliers 1 1 1 1 1 4 1 1 1 - 2 1 

Lack of opportunities for co-operation 1 1 1 1 1 2 1 1 1 - 2 1 

Lack of qualified personnel 1 1 1 1 1 2 1 1 1 - 4 1 

Opposition of employees 1 1 1 1 1 1 1 1 1 - 3 1 

Technology does not belong to traditional 

R&D activities / technological competence 

3 1 1 1 4 3 1 1 1 4 4 3 

- missing cases  
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