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Taxonomy of environmental innovation – 

what is an environmentally innovative firm,

and how can it be identified in industry innovation surveys?

Klaus Rennings, ZEW, Mannheim, April 1999
1 Defining innovations toward sustainability

1.1 Sustainable development

There is an ongoing debate whether sustainable development can be defined operationally. Some agree (overview in Rennings and Wiggering, 1997), others doubt or  deny that it can (Norgaard, 1994; Cary, 1998; Minsch 1998). Those who doubt or deny understand sustainability more as an heuristic idea, similar to ideas of liberty and justice, guiding and orienting our search rather than predicting its outcome. As Cary (1998, p.12) writes: “Sustainability is not a fixed ideal, but an evolutionary process of improving the management of systems, through improved understanding and knowledge. Analogous to Darwin’s species evolution, the process is non-deterministic with the end point not known in advance.”

However, with any of these interpretations of sustainable development at a certain point it is necessary to give a more concrete idea about the direction and problem areas of sustainability. In its environmental report 1998, the German Council of Environmental Advisers identified a consensus on problem areas in seven major sustainability concepts developed by European institutions
 (Table 1).

Table 1: Common areas of problems and sectors addressed in sustainability concepts

Main problem areas
Main sectors

Greenhouse effect

Depletion ozone layer

Acidification

Eutrophication

Toxic impacts on media/ecosystems

Toxic impacts on humans

Loss of biodiversity

Use of soil, land

Resource use
Energy

Mobility

Waste

Source: SRU (1998), p. 88.insert Table 1

Obviously these problem areas require progress toward certain sustainability targets, which may be different across regions, time-scales, target groups etc. The definition of problem areas and the negotiation of targets can be analyzed and evaluated by scientists, but decisions are made in the political process and should be close to peoples' preferences (Rennings et al., 1998). Some may postulate a "revolution in eco-efficiency” increasing it by the factor 4 (von Weizsaecker et al., 1995) or even factor 10 (Schmidt-Bleek, 1994). Ambitious goals as formulated in the Toronto Resolution for greenhouse gases may be watered down in the political process and lead to modest agreements like those in the Kyoto Protocol. However, in the context of the IMPRESS project only two features of a definition of sustainable development are relevant: that it contains an ecological, economic and social dimension and that even modest sustainability targets, as fixed in the Kyoto Protocol, require substantial innovation.

1.2 Innovation

In political and scientific discussions the term “innovation” is interpreted in many different ways. A narrow definition defines innovations as technological novelties. Used in a broader sense, innovations include the first‑time application of newly acquired know‑how, new methods, or new products. The term can also be expanded to include non-technological innovation, such as changes in firm organization or the design of a product.

In the IMPRESS project innovation will be understood broadly as a change in the information set that connects inputs and outputs (Stoneman, 1983; Tirole, 1989; OECD, 1992; Hemmelskamp, 1997). Thus process, product and organizational innovations are considered and distinguished as follows:

· Process innovations occur when a given amount of output (goods, services) can be produced with less input.

· Product innovations require improvements to existing goods (or services) or the development of new goods. Product innovations in ma​chinery in one firm are often process innovations in another firm.

· Organizational innovations include, e.g., new forms of management like total quality management.

Innovation is different from invention, which is an idea or a model for a new improved product or process. In an economic sense, an invention becomes an innovation when the improved product or process is first introduced to the market. The third phase is the diffusion phase, when the innovation is used and adopted over time.

1.3 Innovation toward sustainable development

1.3.1 Eco-innovation

The general definition of innovation is neutral concerning the content of change and open in all directions. In contrast, putting emphasis on innovation toward sustainable development is motivated by concern about direction and content of  progress. Thus the additional attribute of innovations toward sustainability is that they reduce environmental burdens at least in one item and thus contribute to improving the situation in the problem areas mentioned above. Due to unsolved problems of weighting environmental impacts, a technology reducing air emissions and increasing solid waste should be regarded as innovation toward sustainability, too, until it is clearly discovered as an inferior one.

The interdisciplinary project "Innovation Impacts of Environmental Policy Instruments" (German acronym: FIU)
 has introduced the term environmental innovation (short: eco-innovation) and defined it very broadly as follows (FIU, 1998):

"Eco-innovations are all measures of relevant actors (firms, politicians, unions, associations, churches, private households) which:

· develop new ideas, behavior, products and processes, apply or introduce them and

· which contribute to a reduction of environmental burdens or to ecologically specified sustainability targets."   

Eco-innovations can be developed by firms or non-profit organizations, they can be traded on markets or not, their nature can be technological, organizational, social or institutional. The following sections will look more specifically at these distinctions. The IMPRESS project will, however, focus on technological and organisational eco-innovation.

1.3.2 Technological and organizational eco-innovation

Technological eco-innovations can be distinguished in curative and preventive technologies. Curative technologies repair damages (e.g. contaminated soils) while preventive technologies try to avoid them. Preventive technologies include integrated and additive technologies (see Figure 1). Additive or end-of-pipe technologies include measures like disposal methods and recycling technologies occurring after the actual production and consumption process. Unlike end-of-pipe solutions, integrated or cleaner technologies directly address the cause of emissions during the production process or at the product level. They comprise all measures leading to a reduction in input materials, energy inputs and emissions during production and consumption. Examples include reducing or replacing environmentally harmful inputs by environmentally friendly inputs (e.g. solvent‑free lacquers) and changes to the design of products so that they produce fewer emissions during their use and disposal. Integrated or cleaner technologies are often seen as the main technological challenge paving the road to sustainable development and are therefore preferred to additive or end-of-pipe-solutions (UBA,1997; BMBF, 1997).

Organizational changes are, for example, management instruments at the firm level like eco-audits which are of increasing importance for innovation (Bullinger, Rey and Steinaecker, 1997). Eco-innovations in the service sector become more and more relevant when material products are substituted by less-material intensive services (e.g. demand side management in energy and transport, waste management). Thus, reductions in mobility, energy and material flows can to a certain degree be achieved through new services. This requires new infrastructure and system changes going beyond mere changes of a certain technology (Loske, 1997).

Figure 1:
Overview of preventive environmental technologies
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Source: Hohmeyer/Koschel (1995, 6).


Identifying environmental innovators in innovation surveys – the example of the Mannheim Innovation Panel (MIP)

Following the experience of two German studies using the Mannheim Innovation Panel (MIP
), a practical way to identify eco-innovators is to integrate additional questions into the questionnaire. In the MIP a company is considered innovative if, in the three years up to the survey, i.e. between 1993 and 1995, it has been innovative with respect to its products or processes. This applies to 56.6% of the companies questioned. 72 % percent of the innovators have been identified as being eco-innovative according to 8 categegories which were mentioned in the questionnaire (an eco-innovator had to be innovative in at least one category).

Different options to identify eco-innovators have been tested. In an additional telephone survey, the eight categories have been reduced to six (see table 1). These categories are recommended to be used in the IMPRESS project as far as industry surveys are concerned.
As can be seen, a total of 90.9% of the eco-innovative companies claimed to be engaged in innovation with additive environmental protection. A high proportion of companies take action to recover waste (76.3%) and use end-of-pipe emissions control (57.3%). Only a small proportion of companies were innovating with waste disposal (27.2%) or land decontamination (27.2%). Integrated environmental protection measures are being conducted by an equally large share of the sample (88.7%). This implies a similarly strong association between additive and integrated environmental measures, as 87.6% of companies using additive measures also apply integrated measures, and 89.7% of those applying integrated measures also use additive measures. Of the integrated measures, process integration dominates with 87.3%, ahead of environmentally sound products (58.8%).

If the results for the old and new Länder are considered separately, a consistently lower proportion of individual environmental protection measures in the new Länder is apparent. While 92.8% of companies in the old Länder engage in additive, and 90% in integrated environmental protection, the figures for the new Länder are 84%. Only in the case of land decontamination, with 23.5% do companies in the new Länder overtake those in the rest of Germany.
Table 1: Proportion of Companies Practising Additive and Integrated Environmental Protection


Additive/Integrated
Additive
Integrated


All
West
East
All
West
East
All
West
East

Additive environmental protection
90.9
92.8
84.0
---
---
---
87.6
89.3
87.6

Waste recovery
76.3
78.7
67.9
84.0
84.8
80.9
76.1
78.2
67.6

Waste disposal
27.2
30.6
14.8
29.9
33.0
17.6
27.3
30.2
16.2

Soil decontamination
18.5
17.2
23.5
20.4
18.5
27.9
19.1
18.7
20.6

Emissions control
57.3
60.1
46.9
63.0
64.8
55.9
59.7
62.6
48.5

Integrated environmental protection
88.7
90.0
84.0
89.7
92.0
80.9
---
---
---

Eco-friendly products
52.2
55.0
42.0
53.0
55.9
41.2
58.8
61.1
50.0

Process integration
77.4
79.0
71.6
77.2
79.6
67.6
87.3
87.8
85.3

Source: ZEW

Due to various reasons it may not be possible in all EU countries to add additional questions in innovations surveys. In this case, eco-innovators can be identified by using some standard questions in the Community Innovation Survey concerning innovation goals. Material reduction, energy saving and emission reduction are mentioned as innovation goals in the CIS. These innovation goals can be assumed to be correlated with eco-innovative activities and have been used to identifiy eco-innovators in several studies.

Employment Structure and Size of the Companies

An accepted control variable for innovative behaviour in innovation research is the size of the company in terms of its employees. Table 2 shows various characteristics of companies set against their size. Manufacturers of environmental technology belong principally among smaller, highly specialised companies operating in niche markets and large companies employing more than 1,000 people.

If the data are applied to all companies questioned, it becomes clear that the distribution of environmental innovators is similar to that of innovators as a whole. Of the companies with less than 100 employees, 34.1% are environmentally innovative. This share rises to 68.2% for companies with over 1,000 employees.

It appears that environmental innovators scarcely differ from other innovators with regard to the numbers they employ.

Table 2:

Company Characteristics by Size of Workforce [%]

Total sample: 

All companies questioned
5-99
100-249
250-999
(1.000

All companies
50.7
19.1
21.4
8.8

Innovative
47.6
62.6
67.7
79.5

Not innovative
52.4
37.4
32.3
20.5

Environmentally innovative
34.1
50.8
59.5
68.2

Not environmentally innovative
65.9
49.2
40.5
31.8

Total sample: 

All innovators
5-99
100-249
250-999
(1.000

Environmental technology providers
13.0
10.4
11.9
17.5

Not environmental technology providers
87.0
89.6
24.2
82.5

Environmentally innovative
71.5
81.1
87.9
85.8

Not environmentally innovative
28.5
18.9
12.1
14.2

Source: ZEW

 
Proportion of Environmental Innovators by Sector

Figure 2 shows the relative proportions of environmental innovators in various sectors, as categorised in NACE. The sectors whose companies innovate most frequently in environmental matters are, not surprisingly, from the motor vehicles (66.7%), chemicals (65.4%) and machine tools (64.9%). The least environmentally innovative sectors are construction (15.4%), textiles (37.0%) and timber (37.6%).

If one compares the shares of environmentally innovative companies with those of innovative companies as a whole, the symmetry between both distributions is clear. The proportion of environmental innovators tends to be higher in “innovative” sectors. Nonetheless, certain sectors are characterised by the fact that the share of innovation applied to environmental protection is more or less than average. For example, the figures for chemicals, plastics, glass and ceramics, metals and motor vehicles are above-average, while those for mining, foodstuffs, medical technology and vehicle manufacture are below-average. Sector is thus a significant factor influencing innovation and environmental innovation.
Figure 2:

Proportion of (Environmental) Innovators by Sector (to be translated)
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1.4 Research and Development Activities by Environmental Innovators

Overall R&D activity in Germany went into decline at the end of the 1980s. This can be seen especially from the fall in the share of R&D expenditure in Gross Domestic Product. This trend only halted in the mid-1990s (Licht/Stahl 1997). The proportion of companies engaged in or commissioning R&D is 76.4%. As is shown in Figure 3, the figure rises to 79.4% among environmental innovators (64.8% for not environmentally innovative companies).

Figure 3:

Proportion of Companies Engaged in Internal or External R&D
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Source: ZEW Mannheim Innovation Panel.

If a distinction is drawn between continuous and occasional R&D, a clear emphasis on continuous R&D can be found for 55% of environmentally innovative companies. Only 38.3% of other innovative companies engage in continuous R&D.

1.5 
Innovation Strategies and Environmental Protection

In the innovation survey, the companies were asked in detail about their various innovation goals. Product quality and reducing production and wage costs are still the most important factors in innovation, with a reduction in wage costs at the top of the list for all companies, regardless of sector or size.

There is the question of whether and how the innovation goals of environmentally innovative companies differ from those of other innovative companies. To answer this, the various items were subjected to a factor analysis, with the results as shown in Table 3.

Table 3:

Factor Structure (VARIMAX) of Innovation Goals from Full MIP Survey


Factors (importance)


1
2
3
4
5
6
7
8

Subsequent products
0.19
0.11
0.04
0.00
0.13
0.10
0.84
0.16

Increasing/maintaining market share
0.09
0.11
0.05
0.12
0.06
-0.02
0.14
0.90

Expanding product palette within core production area
0.08
0.01
0.00
0.17
0.25
0.57
0.03
0.45

Expanding product palette beyond core production area
0.05
0.06
0.11
0.08
-0.03
0.88
0.07
-0.10

Creating new markets in the “old Länder”

0.08
0.10
0.06
0.86
0.12
0.08
0.07
0.04

Creating new markets in the “new Länder”
0.09
0.09
0.09
0.86
0.04
0.10
-0.10
0.13

Creating new markets in Eastern Europe
0.58
0.08
0.20
0.42
-0.06
0.00
0.10
0.05

Creating new markets in the EU
0.65
0.07
-0.01
0.43
0.17
0.03
0.21
0.00

Creating new markets in Asia
0.86
0.03
0.07
-0.04
0.01
-0.01
0.00
0.07

Creating new markets in North America
0.86
0.09
0.01
-0.04
0.06
0.04
0.04
0.01

Creating new markets in other countries
0.85
0.08
0.08
0.08
0.07
0.08
0.03
0.04

Improving product quality
0.01
0.09
0.17
0.11
0.77
-0.06
0.28
0.11

Developing environmentally friendly products
0.07
0.07
0.80
0.09
0.16
0.10
0.28
0.02

Increasing flexibility of production
0.10
0.47
0.15
0.01
0.50
0.13
-0.04
0.14

Reducing wage cost factor
0.06
0.78
-0.01
0.06
0.21
-0.08
0.14
0.05

Reducing materials cost factor
0.09
0.73
0.38
0.11
-0.04
-0.01
0.20
0.04

Reducing energy consumption
0.06
0.55
0.59
0.15
0.05
0.10
-0.14
0.02

Reducing pre-production cost factor
0.11
0.66
0.11
0.06
0.36
0.13
-0.10
0.04

Reducing waste
0.11
0.45
0.19
0.07
0.62
0.11
0.03
-0.06

Improving working conditions
0.09
0.35
0.42
0.09
0.51
0.08
-0.26
0.04

Reducing pollution
0.14
0.22
0.78
0.04
0.29
0.00
-0.13
0.05

Factors: 1. New markets abroad, 2. Cost reduction, 3. Environmental protection, 4. New domestic markets, 5. Quality management, 6. Expanding product palette, 7. New products, 8. Increasing market share.

Source

A T test on the factors for innovation goals offers a first insight into possible identification criteria for environmental innovators. At first sight, environmentally innovative companies cannot be distinguished from other innovative companies in terms of their innovation goals. “Conquering new markets at home and abroad”, increasing market share and developing new products to extend the product palette are among the goals. In the same way, environmental innovators do not distinguish themselves in terms of the age structure of their products. However, there are significant differences in the value assigned to three groups of goal, marked grey in table 4. Environmental innovators aim significantly more often for cost saving in the form of reducing energy and materials consumption and reducing pre-production and wage costs.

Table 4:

T Test for mean equivalence




Mean


Test for equivalent variance 
T Test for mean equivalence 


Environmental innovators
N

Standard deviation
Standard error 

F
Significance
T
Sample size
Significance 
(+/-)
95% confidence














Above
Below

New markets
No
214
-0.15
1.00
0.07
a)
0.01
0.93
-2.48
852.00
0.01
-0.35
-0.04

Abroad
Yes
640
0.05
1.00
0.04
b)
-2.48
365.31
0.01
-0.35
-0.04

Cost
No
214
-0.35
1.13
0.08
a)
14.90
0.00
-5.97
852.00
0.00
-0.61
-0.31

Reduction
Yes
640
0.12
0.93
0.04
b)
-5.41
314.26
0.00
-0.63
-0.29

Environmental 
No
214
-0.62
0.94
0.06
a)
0.19
0.67
-11.2
852.00
0.00
-0.97
-0.68

Protection
Yes
640
0.21
0.93
0.04
b)
-11.2
361.41
0.00
-0.97
-0.68

New domestic
No
214
0.01
1.06
0.07
a)
1.90
0.17
0.17
852.00
0.86
-0.14
0.17

Markets
Yes
640
0.00
0.98
0.04
b)
0.16
344.30
0.87
-0.15
0.17

Quality
No
214
-0.23
1.16
0.08
a)
12.43
0.00
-3.91
852.00
0.00
-0.46
-0.15

Management
Yes
640
0.08
0.93
0.04
b)
-3.49
308.11
0.00
-0.48
-0.13

Expanding 
No
214
-0.09
0.98
0.07
a)
0.50
0.48
-1.54
852.00
0.12
-0.28
0.03

Product palette
Yes
640
0.03
1.00
0.04
b)
-1.56
372.08
0.12
-0.28
0.03

New products
No
214
-0.07
1.03
0.07
a)
0.72
0.40
-1.25
852.00
0.21
-0.25
0.06


Yes
640
0.02
0.99
0.04
b)
-1.23
354.91
0.22
-0.26
0.06

Increasing 
No
214
0.03
1.01
0.07
a)
0.08
0.77
0.58
852.00
0.56
-0.11
0.20

Market share
Yes
640
-0.01
1.00
0.04
b)
0.58
362.37
0.56
-0.11
0.20

a) Equal variances assumed, b) Equal variances not assumed

Source: ZEW

This is supported particularly by quality management and related measures: increasing production flexibility, improving product quality, reducing waste and improving working conditions are given significantly more importance. The fact that environmental innovators also ascribe importance to environmental protection significantly more frequently is naturally a less than spectacular discovery.
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� Six were from Germany (one NGO-report, three from the German environmental protection agency, one from the government and one from a parliamentary commission) and one from the European Commission. However, the problem areas may be different in other contexts and countries. For example, agriculture, forestry and households may be added. Several authors consider population policy as a further central element of a policy of sustainability (Pestel/Radermacher, 1996; Mohr, 1996). But compared with environmental problems this issue is still not well addressed in most sustainability concepts and strategies.


� The project involved 10 institutes and 11 sub-projects including mainly case studies which were supplemented by model comparisons and a representative German industry survey using the Mannheim Innovation Panel (MIP). FIU was commissioned by the German Ministry of Research and Technology (BMBF) and running from 1996 to 1998.  


� The MIP company survey has been conducted annually by the ZEW and the Institute for Applied Social Science (infas) for the German Ministry for Education, Science, Research and Technology (BMBF) since 1993. Companies in manufacturing and those offering services to business across Germany are surveyed. In the MIP, alongside some general questions on the structure and size of the companies, the questioning focuses on their innovation activities. Innovation is understood according to the European standard developed in the Oslo Manual (1992). The survey concentrates on the goals of innovation, obstacles and measuring its success. In addition, information is gathered on use of resources, export activities, technological cooperation and transfer, as well as trends in employment levels. The written questionnaire was answered by a total of 2,264 companies in 1996.





� 	The term “old Länder” refers to states in the former FRG, “new Länder” to the former GDR.
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