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1

Introduction

This paper contains an inventory of the main eco-innovation surveys in Europe. Furthermore, general innovation surveys are analysed if and how they may be extended for eco-innovation purposes. Our analysis is part of the MEI (Measuring Eco-Innovation) project that will contribute to a “…conceptual clarification of eco-innovation (developing a typology) based on an understanding of innovation dynamics, and identify and discuss the main methodological challenges in developing indicators and statistics on eco-innovation and how these may be overcome.” (Kemp 2006, p. 3). 

The paper is organised as follows: Section 2 departs from a definition of eco-innovation based on the results of the first MEI workshop and the Oslo manual (OECD 2005). In a second step, the main elements of an environmental innovation theory are summarized giving a basis for the development of adequate innovation questions and control variables for the analysis of eco-innovation. 

Section 3 analyses the existing (eco-) innovation surveys on the European and national level following the criteria: Focus of the survey, periodicity, date of survey, responsible organisation; sample size, response rates, firm or enterprise level, regional coverage; questions on eco-innovation; most important control variables; panel character of data; strengths and weaknesses of the survey. Section 4 contains a short overview of the main survey results regarding the determinants of eco-innovation.

In Section 5 an optimal set of survey questions and methodology for analysing eco-innovation is developed. Due to the fact that the dynamic character of eco-innovation can only be addressed by using panel data, the advantages and problems of panel data surveys are discussed.

Finally, questions are formulated to extend the Community Innovation Survey (CIS) for eco-innovation purposes.

The annex contains an annotated library of questions on eco-innovation denoting the strengths and weaknesses of each eco-innovation question.

2

Definition and theoretical background of eco-innovation

Analysing eco-innovation requires a concise definition that can be translated in adequate survey questions. Following the results of the first MEI workshop we define eco-innovation as “the production, assimilation or exploitation of a product, production process, service or management or business methods that is novel to the firm and which results, throughout its life cycle, in a reduction of environmental risk, pollution and other negative impacts of resources use (including energy use) compared to relevant alternatives.” (Kemp 2007, p. 10)

This definition is very broad because it includes innovations that produce environmental gains as a gratis side-effect and innovations that explicitly aimed to reduce negative environmental effects. Nevertheless, it will be useful to make a distinction of these two types of eco-innovation by adequate survey questions to learn more about the motivations of the innovative behaviour of firms. 
In surveys, questions and additional information for the questioned firms have to be simple and short. Therefore, a not too much detailed classification of eco-innovation has to be applied. It seems useful to consider the distinction between technical, presentational and organisational innovations of the OECD Guidelines for Collecting and Interpreting Technological Innovation Data (OECD, 2005). Technical innovations are divided into product and process innovations:

· 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 machinery in one firm are often process innovations in another firm.

· Presentational innovations refer to the implementation of new design and marketing methods in order to increase firms’ sales.
· Organisational innovations include new forms of management, e.g. total quality management. 

The analysis of eco-innovation within surveys can not be restricted to a simple identification of the different innovation activities of the questioned firms. Especially the development of political measures to promote eco-innovation requires a profound knowledge of the drivers and barriers and also, if possible, the economic and ecological impacts of eco-innovation. One major problem of surveys in general is that there are normally only few possibilities to link survey data with official statistics or other survey data. Therefore, the survey itself has to provide information on the relevant control variables such as the influence of different policy instruments.

To define an adequate set of control variables it is useful to look at the main results of environmental innovation theory. These theories are mainly based on explanations of general innovations, but there are also environmentally-specific determinants such as institutional and political factors. The general innovation theory stresses the relevance of technology push and market, or demand pull factors for the explanation of innovation activities (Hemmelskamp 1999). There is a consensus that technology push factors are especially important during the initial phase in developing a new product, whereas demand factors become more important during the diffusion phase (Rehfeld et al. 2004, Pavitt 1984). Most environmental problems represent negative external effects so that there is no clear economic incentive to develop new environmentally benign products and processes. Therefore, the general innovation theory has to be enlarged with respect to the analysis of the influence of environmental policy and institutional factors.  

Table 1: Determinants of environmental innovation

	Supply side
	· Technological capabilities;

· Appropriation problem and market characteristics 

	Demand side
	· (Expected) market demand (demand pull hypothesis)

· Social awareness of the need for clean production; environmental consciousness and preference for environmentally friendly products

	Institutional and political influences
	· Environmental policy (incentive based instruments or regulatory approaches)

· Institutional structure: e. g. political opportunities of environmentally oriented groups, organization of information flow, existence of innovation networks


Source: Horbach 2006.

Technology push (supply side)

In the general innovation theory, firm’s technological capabilities are emphasized (see e.g. Baumol 2002, Rosenberg 1974). These capabilities comprise the physical and knowledge capital stock of a firm to develop new products and processes. To build up such a capital stock inputs like R&D investment or further education of the employees are necessary.  

Highly developed innovation capacities of a firm may lead to further innovation success in the future. Baumol characterizes these path dependencies appropriately by the expression “innovation breeds innovation” (Baumol 2002:284). In other words, the available technological possibilities (accumulation of human capital, available knowledge) induce further innovations. 

An innovation only makes sense for the firm if the innovator is able to capture the returns of his innovation activities. In fact “… the creator of an asset will typically fail to appropriate all or perhaps most of the social returns it generates.” (Jaffe et al. 2002:44). Therefore, the possibilities to minimize these so-called spill-overs are very important. These possibilities are dependent on technological characteristics (e.g. application of patents) and the market structure. 

Monopolistic market structures may help to overcome the appropriation problem, especially for large firms because they “ … must fear less imitation from competitors and gain more from scale economies associated with innovations” (Smolny 2003:449). On the other hand, large monopolistic firms have less incentives to innovate, whereas small firms in competitive markets are forced to “be better” than their competitors by developing new products. As a result, the effect of the firm’s size on its innovation activities is undetermined from a theoretical perspective. 

Demand pull, business cycle

Especially in the diffusion phase of new (environmental) products the demand from consumers, public procurement, other firms and exports is relevant (Pavitt 1984). With regard to environmentally friendly products, the environmental consciousness of the consumers and firm is an important variable.

There is increasing literature on the relationship between the business cycle and innovative activities (see e. g. Flaig and Stadler 1994, Geroski and Walters 1995, Smolny 2003) but the empirical analyses do not show a uniform picture. Also from a theoretical point of view, the relationship remains ambiguous. On the one hand, an increasing demand in the past and high capacity utilization indicate growing markets in the future, but on the other hand Smolny (2003:453) argues that in periods of slack demand “Non-production activities such as the reorganization of production processes, R&D and training exhibit less opportunity costs in case of excess capacities.”

Environmental Policy

Because of negative external effects characterizing most environmental problems, environmental innovations are at least less market-driven than other innovations, therefore making environmental policy one of the main drivers of environmental innovation. The famous Porter-hypothesis (Porter and van der Linde 1995) postulates that environmental regulation may lead to a win-win situation so that pollution is reduced and profits are increased. The Porter-hypothesis is largely based on evolutional innovation theory. Because of large uncertainties concerning the success of R&D, this theory (Nelson and Winter 1982) says that firms use rules of thumb and routines with respect to their innovation behaviour. Hence, innovation activities are not a result of an optimization process. Following Porter and van der Linde, this argument is specifically relevant for the case of environmental innovation. Firms do not detect the potential of environmental innovations because they are “… still inexperienced in dealing creatively with environmental issues.” Environmentally and economically benign innovations are not realized because of incomplete information, organizational and coordination problems (Porter and van der Linde 1995:99). Firms are not able to recognize the cost saving potentials (e.g. energy or material savings) of environmental innovation. Therefore, environmental regulation may “force” firms to realize economically benign environmental innovation. Furthermore, the encouragement of “soft” environmental measures like environmental accounting systems or eco-audits may improve the information basis for environmental innovation.

Environmental innovation surveys may also help to assess the economic and ecological success of eco-innovation. Therefore, we also need questions and control variables capturing the impacts of eco-innovation (see table 2 for examples of indicators for different eco-innovation systems). 

Table 2: Examples for indicators for the economic and ecological impacts of eco-innovation for different eco-innovation systems

	Eco-Innovation
	Examples for indicators

	Steel production

Economic

Ecological
	GDP, employment, investments

CO2-emissions, energy consumption

	Energy saving diesel cars

Economic

Ecological
	Share of diesel motors with direct injection

Reduction of fuel consumption 

	Re-organisation of material flows in a firm

Economic

Ecological
	Cost-savings

Waste reduction 


Source: Horbach (2005).

Possibilities and limitations of surveys for the analysis of eco-innovation

Due to limitations of the methodology, surveys are not able to analyse all aspects of eco-innovation because they are naturally restricted to the information of the questioned firm or household.     

Therefore, the analysis of whole innovations systems including networks of firms and stakeholders is only partially possible. Another critical point is the time aspect of eco-innovation. Most of surveys that are especially designed for the analysis of eco-innovation rely on one point in time so that the dynamic character of eco-innovation can hardly be captured. When analysing the causality of different determinants such as the impact of R&D on an environmental innovation the time structure of the different activities is of high relevance. Using one-point-in-time sources for such relationships will at least cause problems of endogeneity. Therefore, it would be advantageous to use panel data sources to address the dynamic character of eco-innovation.    

3

Inventory of the existing (eco-) innovation surveys in Europe

In this section, the existing (eco-) innovation surveys in Europe will be analyzed taking into consideration the following criteria:

·  
Focus of the survey, periodicity, date of survey, responsible organisation;

· 
Sample size, response rates, firm or enterprise level, regional coverage;

·  
Questions on eco-innovation;

·  
Most important control variables;

·  
Panel character of data;

·  
Strengths and weaknesses of the survey.

We will distinguish between surveys specifically designed for eco-innovation and general innovation surveys that may be used for eco-innovation by adding some additional questions. 


3.1
Surveys specifically designed for eco-innovation 

3.1.1
European level or other supranational level 

This section summarizes surveys that were specifically designed for the analysis of eco-innovation on the European level. In fact, there are only two important surveys, a recent OECD project and the IMPRESS project focussing on the employment effects of cleaner production.

1)
OECD project on “Environmental policy design and firm-level management”

Focus of the Project

The OECD project on ‘environmental policy design and firm-level management’ explored the determinants of environmental innovation and performance. Under the co-ordination of the OECD Environment Directorate, research teams collected data (2002–2003) from approximately 4,200 firms from seven countries (Japan, Hungary, France, Germany, Norway, Canada and the United States) (Johnstone 2005).

The very rich questionnaire allowed the analysis of eco-innovation considering a large set of control variables. An important focus lied on the impact of different environmental policy instruments and management systems on environmental innovation and performance. 

A second wave of the survey is intended so that the generation of panel data would be possible. 

Description of the sample

· Observations from seven OECD countries (United States, Canada, France, Norway, Hungary, Germany, Japan);

· Population: 4.186 facilities in the seven OECD countries (United States (489), Canada (256), France (269), Norway (309), Hungary (466), Germany (898), Japan (1499);

· Only facilities of 50 employees or more, all manufacturing sectors;

· Stratified sampling across classes of facility size and manufacturing sector;
· Postal survey undertaken by seven research teams in early 2003;
· Targeted at Chief Executive Officers and/or Environmental Managers;
· Response rate approximately 25% - with considerable variance across countries.
Questions on eco-innovation

The OECD survey covered technical and organizational/presentational eco-innovations.

Technical innovations

a)
If your facility has undertaken significant measures related to your facility’s production technologies, which of the following most closely characterises the nature of such measures? (Please tick only one box).
Changes in production processes which reduce pollution emissions and/or resource use

(
End-of-pipe technologies which reduce pollution emissions or allow for resource recovery
(
If your facility has undertaken significant technical measures, which of the following most closely characterises the nature of such measures? (Please tick only one box)

Changes in production technologies
(
Changes in product characteristics
( 

b)
Does your facility have a budget for research and development specifically related to environmental matters? (Yes
 (;  No 
()

If yes, what percentage of your total budget for research and development has been allocated to environmental matters in the last three years? ________________
Unfortunately, the quantitative variable had a very low response rate so that it could not be used for econometric analysis.

Organizational and presentational innovations

a) 
While purchasing and/or marketing goods and services, does your facility regularly consider the following measures? (yes or no) (Please tick one box for each row.)
Assessing the environmental performance of our suppliers

(
(
Requiring suppliers to undertake environmental measures

(
(
Informing buyers of ways to reduce their environmental impacts
(
(


b)
Which practices have been established in your facility in order to implement environmental management? (yes or no) (Please tick one box for each row.)

Written environmental policy 
(
(
Environmental criteria used in the evaluation and/or compensation 

of employees
(
(
Environmental training program in place for employees
(
(
Carry out external environmental audits
(
(
Carry out internal environmental audits
(
(
Benchmark environmental performance
(
(
Environmental accounting 
(
(
Public environmental report
(
(
Environmental performance indicators / goals
(
(
Other practice (please specify) __________________________________

c)
Has your facility actually implemented an environmental management system? 
Yes
( 
1
Year _ _ _ _

In progress
(
2
No
(
0

If yes: Has your facility acquired any of the following certifications in environmental management?


Yes 
No
Year





1
0

EMAS
(
(
_ _ _ _


ISO 14001
(
(
_ _ _ _


Control variables

·  
Characterization of facility-level attributes (sector, size, stock market listing, employment, value of shipments);

·  
Commercial conditions (scope of the firms´ markets, competition, sales, profitability);
·  
Influence of stakeholders and motivations on environmental practices (e.g. public authorities, pressure groups such as industry or trade associations);
·  
Perception of public environmental policy framework (regulatory stringency, different environmental policy instruments such as technology-based standards, emission taxes or liability for environmental damages);

·  
Facility management (environmental and other) structure, practices and tools;

·  
Environmental impacts of the facility´s products and production processes by different environmental fields (importance of each impact and change in impacts during the last three years);

·  
Concrete actions to reduce environmental impacts.  

Strengths and weaknesses of the survey

Strengths

·  
Profound analysis of eco-innovation because of many control and policy variables;

·  
Analysis of both technical (process- and product innovations) and organisational innovation;

·  
Inclusion of a very detailed set of different environmental policy instruments and stakeholders;

·  
Comparable results for seven different and heterogeneous countries;

Weaknesses

·  
Point in time source so that the dynamic character of innovation can not be addressed, problems of endogeneity of important variables (a second wave is intended but there are problems of financing the survey);

·  
Possibility of response biases because of low response rates;

·  
More questions on technical eco-innovations would have been useful, too much emphasis on environmental management systems.

2) IMPRESS – project (The Impact of Cleaner Production on Employment – A Study using Case Studies and Surveys)

Focus of the survey

The project (starting in November 1999 with duration of 27 months) was especially designed for analysing the relationship between environmental innovation and employment on the firm-level. A main finding of econometric analyses was that environmental innovations had small but positive effect on employment on the firm level (Rennings, Zwick 2001). 

The IMPRESS project was coordinated by the Centre for European Economic Research (ZEW) Mannheim together with the following partners: Fondazione Eni Enrico Mattei (FEEM), Italy, Maastricht Economic Research Institute on Innovation and Technology (MERIT), the Netherlands, Policy Research in Engineering, Science and Technology (PREST), Victoria University of Manchester, United Kingdom Associated Partner: Solothurn University of Applied Sciences (FHSO), Switzerland

Description of the sample

·  
Between March and July 2000, 1594 telephone interviews with industry and service firms were carried out in five European countries (401 from Germany, 384 from Italy, 201 from Switzerland, 400 from the United Kingdom, 208 from the Netherlands). The addresses for the telephone interviews were drawn from a stratified sample with the dimensions small firms (between 50 and 199 employees) and large firms (200 or more employees) and 8 sectors according to the NACE codes D-K. These NACE codes are industry, manufacturing and services. Firms active in other sectors such as mining, agriculture or public administration have not been included in the sample. (see IMPRESS final report);

·  
Data stem from identical telephone interviews carried out simultaneously in these countries;

·  
The sample was restricted to firms that realized environmental innovations;

·  
Wide range of response rates: Italy (15%), Netherlands (44%) (other figures ??).

Questions on ECO-Innovation

·  
In the last three years, did your establishment introduce (always yes or no) any

· Pollution control technologies;

· Recycling programmes;

· New or improved products or services that are more environmentally-friendly than those already on the market;

· New or improved processes with environmental benefits;

· Organisational innovations such as environmental reports, audits, or management programmes;

· New or improved delivery, transport, or distribution systems for its products or services, with environmental benefits;

·  
Precise description of a single innovation of the firm (“the most environmentally beneficial innovation” during the last three years): type of the innovation, implementation by another firm or organisation, developer of the innovation (the firm itself or another organisation), investment costs, government subsidies, innovation goals;

·  
Impacts of the innovation on sales, prices, energy, material, waste disposal and labour costs, change of production methods (end-of-pipe, reorganisation of the production system or substantial technical improvements, replacements in % of previous products), employment effects;

·  
Inputs of the innovation: requirement of new skills, further education and training measures;

· Size of innovation.

Control variables

· Firm size;

· Whether the effects can be partly explained by subsidies which have been received for the innovation; 

· Sales expectations (it can be expected that firms with optimistic expectations are more inclined to increase employment already before demand actually increases, this is also the so-called demand pull hypothesis of innovations);

· Whether products or processes have been changed due to environmental regulation (indicator for strictness of environmental regulation);

· Competition factors as a proxy for market characteristics;

· Share of workers with university or college degree. 
Strengths and weaknesses

Strengths

·  
Rich description of different types of eco-innovation

·  
Rich set of control variables

Weaknesses

·  
The sample included only eco-innovators so that no control group was available. Hence, a generalisation of results is not possible.

·  
Only one point in time available, another wave allowing panel analyses is not intended;

·   
Partially very low response rates.

3.1.2
National level

In the following, national surveys on eco-innovation are presented. Because of a great variety of different cross-section surveys for only one point in time we have restricted our analysis to panel survey data. 

1) 
Establishment panel of the Institute for Employment Research (Germany)

The employment panel of the Institute for Employment Research allows an analysis of the determinants of the introduction of environmental product innovations. The establishment panel was founded in 1993 to get a representative picture of German establishments who have at least one employee subject to social security. The establishment panel is characterized by very high response rates of more than 70%. 

The environmental sector (“eco-industry”) can be identified by a filter question of the wave 1999: “Does your firm offer goods or services related to the reduction of environmental impacts” (if yes, the firm belongs to the environmental sector). In 2001 and 2004, the questionnaires contained information about innovation activities making it possible to analyze the innovative behaviour of environmental firms. For our econometric analysis, a firm is defined as environmental innovative if it a) belongs to the environmental sector as defined above and b) has improved or developed a new product during the last two years before the respective survey. Following this definition, data from 753 firms belonging to the environmental sector is available. 56% of these firms (418) were environmentally innovative.

Classification of the environmental sector within the survey:

·  
Prevention of water pollution, waste water treatment; 

·  
Waste disposal, recycling,  

·  
Prevention of air pollution, climate protection; 

·  
Noise abatement;

·  
Removal of hazardous waste, soil protection;

·  
Measurement technology;

·  
Analytics, consulting;

·  
Environmental research and development;

·  
Other environmental fields.

Questions on innovation (Panel wave of 2004) (no direct questions on eco-innovation are available)

·  
R&D input (dummy) and R&D employees;

·  
(Environmental) Organisational changes (e.g. eco-balances, eco-audits) ;

·  
Innovation cooperation (other firms, universities, external consultants);

·  
Development of a service or product during the last two years and the share of turnover of these products;

·  
Further development of a service or product during the last two years;

·  
Adoption of an already existing product or service and the respective share of turnover

·  
Financing of innovation activities;

·  
Barriers of innovation: high investment costs, high economic risk, problems to obtain outside capital, organisational problems, shortage of high-skilled personnel, lack of consumer acceptance, long lasting authorisation processes.

Control variables
·  
Firm characteristics: sector, size (turnover and number of employees), legal form, age of the firm;

·  
Expected employment and turnover development;

·  
Problems and barriers to get skilled personnel;

·  
Profit situation in the past; 

·  
Exports by regions;

·  
Sum of investments;

·  
Qualification structure of the personnel, further education measures; 

·  
Amount of wages.


Strengths and weaknesses

Strengths

·  
Panel survey with very high response rates and a relatively low panel mortality

·  
Very rich set of control variables

Weaknesses

·  
No direct question on eco-innovation;

·  
The general innovation questions are not available for all panel waves (only 2001 and 2004);

·  
The questions on the environmental sector are only available for two years (1999 and 2005) so that the application of panel estimation methods is problematic.

Combination of MIP and UMFIS (Germany, ZEW study)

In a recent study (see Rammer et al. 2007), the Mannheim Innovation Survey (MIP) being the German part of the CIS was connected with UMFIS, an inventory of suppliers of environmental goods and services (Umwelt-Informationssystem einer Arbeitsgemeinschaft der Industrie- und Handelskammern in Deutschland). The combination of these two data bases allows an analysis of the innovation activities of the environmental sector by different environmental fields.  In the MIP database 1688 firms out of the 10.542 UMFIS firms could be identified in 2006).
To identify the eco-innovators the question: 

“How important were each of the following effects of your product (good or service) and/or process innovations introduced during the three-year period 2002-2004?

Degree of importance: Not relevant - Low - Medium - High

Reduced materials and energy per unit output

Reduced environmental impacts or improved health and safety” was utilized (see also Section 4.2).

In the panel wave of 2003 environmental regulation could be identified as innovation driver. Besides the question if there are new or modified products or processes that were introduced because of new environmental standards or other regulations the questioned firms gave also information on the names of these regulations. The different environmental regulations were coded and attributed to the following environmental fields: general environmental problems, energy, materials, hazardous substances, water, waste and noise. More than 20% of the firms with innovation activities stated that regulations were responsible for their innovation activities. 

Further innovation questions, drivers, barriers and control variables that can be analysed using this database will be discussed in Section 4.2 because the Mannheim Innovation Panel (MIP) delivers the German data of the Community Innovation Survey (CIS).

Italy (Mazzanti, Zoboli 2006)

Focus of the study

Mazzanti and Zoboli (2006) provide new evidence on the factors associated to environmental innovations, by exploiting a specific dataset rich in information on firm strategies and structure. 

· The dataset stems from two surveys on the same firms (2002 and 2004, reporting data respectively on 1998-2001 and 2001-2004 trends). Thus, it only partially suffers from “cross sectional bias”, since it is built on two consequential surveys: some of the correlations between innovation and its explanatory factors are not affected by eventual ambiguity regarding the causal direction of the link (see Mazzanti, Zoboli 2006);

· Regulatory intensity and typology, technological factors, market dynamics and firm structure as determinants of eco-innovations;

· District-based manufacturing local system in Emilia Romagna, specifically the industrial system of Reggio Emilia;

· Firms preliminarily included in the sample belong to the manufacturing sector (257 firms) with at least 50 employees and located in the province of Reggio Emilia in year 2001. The first survey carried out in 2002 was made up of a questionnaire addressed to the management; 199 firms responded; 

· The survey on environmental innovation was carried out by administering a short focused questionnaire to the 199 firms who had joined the first survey. Telephone interviews were made in November 2004. Mazzanti and Zoboli (2006) got 140 out of 197 firms joining the second survey, showing no significant distortion by sector and by size.

Innovation information

· Process and product technological innovation introduced from 2001-2003, aimed at increasing environmental efficiency in emission production, waste production and management, material inputs and energy sources;

· Innovations produced within the firm, stemming from co-operative agreements with other firms, stemming from co-operative agreements with research institutions, acquired from other firms;

· Patenting activity;

· Adoption of environmental corporate management schemes; 

· Environmental policy: question whether the firm was subject to policies on emissions and waste/energy; number of years the policy had been implemented; 

· Expenses on environmental R&D, capital investments and direct costs (current costs plus tax payments) over 2001-2003. 

· Existence of governmental environmental grants/subsidies over the past 3 years.

Strengths and weaknesses

Strengths

·  
Panel character of the survey allows the application of the respective panel econometric methods;

·  
Rich set of innovation questions and control variables.

Weaknesses

·  
Small sample size restricts the possibilities of econometric methods;

·   
Only one region (Emilia Romagna) was included.

3.2
General innovation surveys on the European level

CIS (Community Innovation survey): different questionnaires of the countries with common questions (Götzfried 2006)

Focus of the survey

The Community innovation survey aims to provide, at the firm level, harmonised and comparable information on innovation activities in the European countries. The survey follows the methodological guidelines defined in the Oslo Manuel and in the task forces dedicated to CIS preparation are submitted to national statistical institutes and other centres in charge of the survey. Through the different rounds of the survey these guidelines were modified and improved leading to progress related to data quality and comparability across countries (see also Dautel 2007). The survey is coordinated by the European Commission in cooperation with the OECD and research institutes and/or statistical offices of the member states. 

The first CIS wave was conducted in 1991/1993, the latest CIS 4 was launched in 2005 with an observation period from 2002 to 2004. This CIS wave was carried out in around 30 European countries plus some no-European countries. The harmonised questionnaire based on the 1997 Oslo Manual focuses on product and process innovation, sources of information about innovation activities, and innovation expenditure (Götzfried 2006).

At least in Germany, the CIS is organised as a panel so that the same firms are questioned at different points of time.

Questions on eco-innovation

Questions on the environmental effects of the innovation activities of the firms (harmonized questionnaire):

How important were each of the following effects of your product (good or service) and/or process innovations introduced during the three-year period 2002-2004?

Degree of importance: Not relevant - Low - Medium - High

Increased range of goods or services

Entered new markets or increased market share

Improved quality of goods or services

Improved flexibility of production or service provision

Increased capacity for production or service provision

Reduced labour costs per unit output

Reduced materials and energy per unit output

British questionnaire only: Reduced costs per unit produced or provided

Reduced environmental impacts or improved health and safety
Met regulatory requirements

Increased value added

Other innovation questions (but not environmentally related)

·  
New or significantly improved goods from 2002 to 2004;

·  
New or significantly improved services from 2002 to 2004;

·  
Developer of these product innovations (your enterprise or other);

·  
Products new to the market or only new to the firm, existence and percentage of total turnover;

·  
New or significantly improved production process, distribution method or support activity for your goods or services;

·  
Innovation activities by type (acquisition of machinery, training measures etc.);

·  
Amount of expenditure for the different innovation activities;

·  
Existence of public financial support (local or regional, central government or EU);

·  
Information sources for innovation activities;

·  
Innovation cooperation by type;

·  
Innovation effects (see above);

·  
Barriers for innovation activities;

·  
Patent activities;

·  
Existence and effects of organisational and marketing innovations;

Control variables

·  
Geographic markets (local, national, other European countries, EFTA or EU candidate countries, all other countries);

·  
Total turnover for 2002 and 2004;

·  
Total number of employees;

·  
Main activity.

Strengths and weaknesses

Strengths

·  
Rich data basis for more than 30 countries with much information;

·  
Panel data character allows applying the respective econometric methods;

·  
Slight extension of the survey for the analysis of eco-innovation is realistic.

Weaknesses

·  
Availability of data for researchers is very restricted up to now. To realize econometric analysis, the access to the micro-data of the different countries is indispensable;

·  
Lack of competition variables;

·  
Lack of policy and institutional variables allowing a more complete analysis of the innovation system.

CIS 2006 will be launched in 2007 with the same questionnaire of 2004 so that it will be possible to introduce more environmental questions for CIS 2008 (Götzfried 2006).

European Manufacturing Survey (EMS) (see ISI 2006)

Focus of the survey 

The survey collects information about firms´ activities to improve the performance of their production processes. The main topics are the modernisation of manufacturing by implementation of innovative manufacturing technologies and organisational practices as well as performance indicators and company data.

The European-wide EMS was introduced in 2003/2004 and will be realized every two years.   The survey stems from a national survey in Germany that was introduced in 1993.  

The EMS of 2006/2007 was conducted in thirteen European countries: Austria, Croatia, Finland, France, Germany, Greece, Netherlands, Great Britain, Italy, Slovenia, Spain, Switzerland and Turkey and coordinated by the Fraunhofer Institute of Systems and Innovation Research (ISI) in Karlsruhe (Germany) in cooperation with twelve research institutes and universities. 

Description of the sample

· Sample comprises establishments of manufacturing industries (e.g. machinery, metal industries, food, textile, chemicals, automotive, etc.) (NACE 15-37) with 20 or more employees;

· The questionnaire of six pages is sent out by post, the different project partner are responsible for the organisation of the survey in their country;

· Sample size: more than 1650 firms in Germany (response rate about 14%), the information for the other countries was not available;

· Because of empirically observed high panel mortality rates the EMS has not been designed as a panel survey (except the possibility in the German data constructing a small sub-sample for two points in time with the same firms).

Innovation questions

· Process innovations: Implementation of innovative manufacturing technologies;

· Organisational innovations: Implementation of innovative organisational concepts;

· Product innovations: Implementation of new products, share of turnover with new products (e.g. “During the past three years has your factory introduced new products or significantly, technologically improved products (changes of a solely aesthetic nature excluded) (no, yes; What percentage of your turnover did these products have in 2005?, How long did it take on average to develop such a product (time to market) (in months), Did these products also include products which were new, not only for your company, but also for the market);

· Product related service innovations: Offer of product-related services (e.g. training, maintenance/repair, renting, build-operate-own models, etc.);

· Relative importance of different innovation activities for the questioned firm;

· Types of technologies (e.g. computer aided design, industrial robots and automated handling systems, simulation of production process design);

· Types of organisational concepts (e.g. quality management system, balanced scorecard, ISO 14001 environmental audit);

· R&D expenditure in % of turnover.

Most important control variables

· Relocation: outsourcing and repatriation, reasons, countries;

· Innovation cooperation: type of cooperation, regional, national, international;

· Qualification of the employees;

· Split of employees among different fields (research and development, design, manufacturing and assembly, after sale service, other (e.g. administration));

· Importance of competitive factors such as price, quality, innovation/technology, service;

· Predominantly a supplier of components or finished products;

· Characteristics that best describe the main product or main product group (e.g. product complexity, assembly characteristics, batch size);

· Performance indicators: productivity, manufacturing lead times, delivery lead time, share of turnover with new products and new services, time to market, return on sales differentiated by products and services, growth of employment and turnover;

· Company data: size (number of employees and total sales turnover), amount of inputs in EUR, depreciation of machinery and equipment, employee costs as % of turnover, degree of capacity utilisation, export and import quota, return on sales, share of overheads in total costs, sector etc.

Strengths and weaknesses 

Strengths

· Detailed description of the innovation activities including questions regarding the complexity of the innovation;

· Many relevant control variables;

· Inclusion of 13 structurally different European countries.

Weaknesses

· Availability of the micro-data to researchers restricted;

· No inclusion of policy variables allowing a more complete analysis of the innovation system.

Innobarometer (European Commission 2006) 

The INNOBAROMETER is an opinion poll carried out by the European Commission since 2001, 2002, 2003 and 2004 in the European Union under the EUROBAROMETER opinion poll system. The main objective of the survey is to explore the opinions of European managers on their companies’ needs in innovation, their investments in innovation and the output achieved (European Commission 2006). More than 3.500 (4.500) firms employing 20 people or more in all 25 EU member states were interviewed by telephone in 2006 (2004). 

Innovation questions (2004 or 2006)

·  
In the last two years, did your firm (yes, no)




a) Conduct market research for introducing new products or services;




b) Introduce new or significantly improved products or services;




c) Introduce new or significantly improved production technology;




d) Apply for one or more patents;




e) Register one or more international trademarks;




f) Carry out research in your own laboratories;




g) Contract out research to other firms, universities or research institutes.

·  
Focus 2006 on innovation clusters, in 2004 on regulatory issues;

·  
Innovation cooperation with public or private institutions;

·  
Public assistance to conduct market research for new products  or services;

·  
Relocation of innovation activities (2004).

Important control variables

·  
Sector and (NUTS) region of the firm;

·  
Size by employee classes;

·  
Age of the firm;

·  
Changes of  turnover during the last two years;

·  
Different policy instruments to improve the performance of the innovation cluster;

·  
Market scope (local, regional, European, international);

·  
Qualification levels of employees, further education measures;

·  
Influence of different regulation (e.g. environmental regulations, safety regulations) on innovation (only 2004).

Strengths and weaknesses

Strengths

·  
Large sample size and coverage of 25 European countries;

·  
Inclusion of policy variables.

Weaknesses

·  
No possibility of panel analyses because the questioned firms and the questions change from wave to wave.

4

Survey results for the determinants of eco-innovation

In the following, some main results from recent (panel-) surveys regarding the determinants of eco-innovation are summarized. 

In the survey of Bartolomeo et al. (2003) the three most cited reasons for introducing an environmental innovation were to improve the firm’s image, to comply with environmental regulation and to reduce costs. The regulatory push/pull effect has also been confirmed by several other case studies and surveys (see e.g. Cleff and Rennings (1999)).

Rennings et al. (2003) use survey data to analyze the influence of environmental management systems (especially EMAS) on environmentally related organizational, process and product innovations. Other than the positive influences of environmental management tools, the authors show that the existence of a specialized R&D department as an input variable triggers environmental innovation.  

Rehfeld’s et al. paper (2004) detects a positive relationship between the certification of environmental management systems and environmental product innovations for German manufacturing. Furthermore, despite other factors and firm specific characteristics, waste disposal measures and product take-back systems are important drivers of environmental product innovations.
Survey results for the determinants in the introduction of environmental R&D and for cleaner technologies are available from a recent OECD project in 2003 on Public Environmental Policy and the Private Firm covering seven OECD countries (Canada, France, Germany, Hungary, Japan, Norway, and the USA) (see Arimura et al. 2005; Frondel et al. 2005; Johnstone 2007). The whole data set includes 4,186 observations originating from manufacturing facilities with more than 50 employees. 3,100 of the sample facilities, that is around 74%, took significant technical measures to reduce the environmental impacts associated with their activities (Frondel et al. (2005)). Econometric results exploiting the OECD database show that a strict environmental policy measured by the perceived policy stringency of the questioned firm, environmental accounting systems and flexible environmental instruments stimulate environmental R&D. Environmental management tools and the possibility of cost savings are very important for the introduction of cleaner technologies (Frondel et al. 2005) but not for end-of-pipe measures.
Using a panel data set of Italian firms in 2002 and 2004, Mazzanti and Zoboli (2006) stress the positive influence of network activities and R&D as an input on environmental innovation.

The authors regard the influence of firm structural variables, environmental R&D, environmental policy pressure and regulatory costs, past firm performances, networking activities, other non environmental techno-organizational innovations and the quality and nature of industrial relations on eco-innovation. The results show that “… structural characteristics of the firm and performances appear to matter less than R&D, induced costs, networking, organisational flatness and innovative oriented industrial relations. Environmental Policies and environmental voluntary auditing schemes exert some relevant direct and indirect effects on innovation, although evidence is mixed and further research is particularly needed.” (Mazzanti and Zoboli 2006, p. 2).

Horbach (2006) uses two German panel data bases, the establishment panel of the Institute for Employment Research (IAB) and the Mannheim Innovation Panel (MIP) of the Centre for European Economic Research (ZEW) (see also Section 3), to explore the determinants of environmental innovations. The econometric estimations show that the improvement of the technological capabilities (“knowledge capital”) by R&D or further education measures triggers environmental innovations. Environmental regulation, environmental management tools and general organizational changes also encourage environmental innovation, a result that has also been postulated by the famous Porter-hypothesis. The hypothesis that “Innovation breeds innovation” is confirmed by the analysis of the MIP data. General and environmental innovative firms in the past are also more likely to innovate in the present. The demand pull hypothesis is confirmed in both models.

Del Rio Gonzalez (2005) analyse the drivers of adopting cleaner technology in the Spanish pulp and paper industry. He found that most of the environmental technologies introduced were of the EOP type (i.e. waste water treatment plants) or incremental clean technologies.  Regulatory pressure and corporate image were the main drivers for adopting green technologies. In contradiction to other survey results where cost savings are one of the main drivers of cleaner technologies (e.g. the OECD survey), costs are often seen as an obstacle, especially for firms that do not develop innovations themselves but have to buy them from suppliers.

5  
Propositions for the enhancement of the survey instrument to analyse eco-innovations
5.1


Optimal set of survey questions and methodology for analyzing eco-innovation
In the following, we try to develop an optimal set of relevant variables and preferable methodologies for (panel-) surveys allowing the analysis of eco-innovation by econometric methods. Section 5.3 contains concrete formulations of questions on eco-innovation with the aim to extend the Community Innovation Survey (CIS) for environmental purposes.

(Eco-) Innovation questions

Following our definition, all innovations that include an environmental benefit (broadly defined) have to be analyzed. In fact, not all environmentally-beneficial innovations are developed intentionally. Results of the IMPRESS survey show that 34.4% of the 1,594 most environmentally beneficial innovations were not introduced to comply with environmental regulations (Arundel 2005). 

Due to the fact that space in questionnaires is very limited, the classification of eco-innovation must be limited to only few categories. Hence, it is useful to follow the slightly revised Oslo manual definition dividing between process-, product-, presentational- and organisational innovations. For a concrete formulation of questions on innovation that can be added to the Community Innovation Survey see Section 5.3.

Drivers, barriers and impacts of eco-innovation, control variables

Based on the theoretical considerations in Section 2 the following set of determinants, impacts and control variables seem to be necessary for the design of an environmental innovation survey (the lists are not comprehensive and only contain a core set of variables):

Determinants (drivers and barriers) of eco-innovation 

· Inputs: financial and human resources, R&D expenditure supporting the technological capabilities of a firm;

· Environmental policy framework (e.g. regulatory stringency, different environmental policy instruments such as technology-based standards, emission taxes or liability for environmental damages);
· Existence of environmental management systems, practices and tools;
· Demand pull hypothesis: expected market demand, profit situation in the past;
· Appropriation problem: Competition situation (e.g. number of competitors, concentration of the market), innovation cooperation;
· Influence of stakeholders and motivations for environmental innovation (e.g. public authorities, pressure groups such as industry or trade associations);

· Availability of risk capital; 

· Availability of high-skilled labour force.

Control variables and impacts

· 
Firm-level attributes (sector, size, stock market listing, employment, value of shipments);

·  
Commercial conditions (scope of the firms´ markets, competition, sales, profitability);
·  
Environmental impacts of the facilities´ products and production processes by different environmental fields (importance of each impact and change in impacts during the last three years).

Concerning the measurement level of both innovation and control variables, a general answer is not possible. For econometric analysis it would always be the best solution to analyze interval data but in many cases the firms are not able to provide quantitative answers on questions like “R&D expenditures for eco-innovation in EUR”. The number of missing values for these questions will be very high so that the results of econometric analyses would probably be biased. Therefore, questions that are likely to demand too much information of the interviewed firm representative have to be posed in a simple, in many cases, binary manner (see also Arundel 2005). Arundel (2005) proposes to obtain nominal data on prevalence of different types of innovation, ordinal data on inputs, outputs and impacts. 

5.2

Advantages and problems of panel data surveys

Besides the definition of the eco-innovation questions and the relevant determinants and control variables, an adequate survey methodology has to be chosen that allow addressing the dynamic character of the environmental innovation process.

In most cases, empirical analyses of environmental innovations based on firm-level data relied on survey data for one point in time. These surveys, especially designed for the analysis of environmental innovations, are useful because they allow for the inclusion of many explanatory variables such as different policy instruments or the influence of stakeholders and pressure groups. But on the other hand, it is difficult to capture the time structure of innovation processes. For instance, the role of economic performance in the past as a possible precondition for (environmental) innovation or the inclusion of innovation activities in the past, which is an indicator for the path dependency of environmental innovation can not be explored. Therefore, it would be advantageous to use panel surveys for the analysis of eco-innovation. 

A panel data set contains repeated observations over the same units (firms, households, individuals) over a number of periods, ideally every year with - if possible - the same set of questions (see Wooldridge 2002 or Verbeek 2004 for econometric analysis of panel data). 

The availability of different observations on the same firms allow the estimation of more realistic models able to address the causality structure of the included variables.

There are several analyses of environmental innovation based on panel data and the respective econometric methods but in most cases they relied on patent data (see e.g. Jaffe, Palmer 1997, Brunnermeier, Cohen 2003). Due to the very few possibilities to get survey-related panel data on eco-innovation the respective literature on this topic is limited (see e.g. Mazzanti, Zoboli 2006, Horbach 2006). There are however several innovation panel surveys which would potentially be able to include questions on eco-innovation, e.g. the Community Innovation Survey (CIS) of the European Commission or the Innobarometer (see also Section 3.2). 

The inclusion of additional questions on eco-innovation in existing general innovation surveys would moderate the problem of the high costs of panel surveys especially designed for eco-innovation. Nevertheless, it is important to note that the eco-innovation question would have to be included in all the different waves of the panel survey because of the empirically observed high mortality rates of firms in panel surveys.   

5.3

Formulation of additional questions for the Community Innovation Survey (CIS) 

In the following, we try to formulate concrete questions for an enlargement of the CIS for environmental purposes. Using the CIS for the analysis of environmental innovation does not require adding many questions because the survey is already very rich concerning the relevant control variables. Therefore, we only need to alter some of the questions and to add only one question capturing the character of the environmental innovation activity. 

The MIP questionnaire of 2003 already contained one question about environmental regulation as innovation source. It would be useful to introduce this question in the general questionnaire of CIS for all the involved countries (see question 1). It is important to formulate the question in a manner that the environmental regulation can also be seen as a driver of general innovation and not only for eco-innovation (see also the debate on the Porter-hypothesis).

With respect to the effects of innovation, we only see one little change of the existing question. It would be useful to separate the environmental from the health effects. In general, it is not useful to combine these two effects because in many cases health effects have nothing to do with environmental effects. For instance, the development of a new medicament to reduce the mortality of heart diseases has high health impacts but no environmental effects. To learn more about the character of eco-innovation it would be useful to add one single question following the classification product, process, organisational and presentational eco-innovation of the Oslo manual.

Proposition of a concrete formulation for questions on eco-innovation for the CIS: 

1) 
Environmental policy as innovation source


a) 
Did you realise innovations from 20XX to 20XY (new or significantly improved products or production processes) predominantly because of existing or anticipated environmental policy measures? 



⁮ 
Yes, 
⁮
No


b)
If yes, which of the environmental policy measures were decisive for the introduction of these innovations, please describe the measures in order of their importance:




……………………………………………….

2)
How important were each of the following effects of your product (good or service) and/or process innovations introduced during the three-year period 20XX-20XX?

Degree of importance: Not relevant - Low - Medium - High

Reduced materials and energy per unit output

Reduced environmental impacts 

Improved health and safety

3)
Please answer the following questions if you reported high or medium reduced environmental impacts of your innovation activities in question 2:


a) 
Do you consider the reduction of environmental impacts as the main purpose of your innovation activities?




⁮
Yes 




⁮
No


b) 
Predominant category of your innovation: 




⁮ 
Product innovation




⁮
Process innovation




⁮
Organisational innovation
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Annex:  Annotated library of survey questions on eco-innovation

a) 
Technical innovations

	Eco-innovation questions

(Source of Question in brackets)
	Strengths
	Weaknesses

	OECD survey (Section 3.1.1):

If your facility has undertaken significant measures related to your facility’s production technologies, which of the following most closely characterises the nature of such measures:

Changes in production processes which reduce pollution emissions and/or resource use

(
End-of-pipe technologies which reduce pollution emissions or allow for resource recovery
(
If your facility has undertaken significant technical measures, which of the following most closely characterises the nature of such measures?
Changes in production technologies

Changes in product characteristics 


Does your facility have a budget for research and development specifically related to environmental matters? (Yes; No)

If yes, what percentage of your total budget for research and development has been allocated to environmental matters in the last three years? ________________
	Question captures the nature of the eco-innovation

Attempt to get quantitative data 
	Only dummy variables, no quantitative information

No time dimension

Firms with many different products and production processes have problems to answer

Very high non-response rates

	IMPRESS Project (Section 3.1.1)

In the last three years, did your establishment introduce (always yes or no):

any pollution control technologies; recycling programmes; new or improved products or services that are more environmentally-friendly than those already on the market; new or improved processes with environmental benefits; organisational innovations such as environmental reports, audits, or management programmes; new or improved delivery, transport, or distribution systems for its products or services, with environmental benefits
	Detailed classification of eco-innovation


	No quantitative information available

Answers probably highly correlated with the size of the firm

	IAB Establishment panel (Section 3.1.2)

Affiliation to the environmental sector following the classification: Prevention of water pollution, waste water treatment; 

•
 
Waste disposal, recycling,  

•
 
Prevention of air pollution, climate protection; 

•
 
Noise abatement;

•
 
Removal of hazardous waste, soil protection;

•
 
Measurement technology;

•
 
Analytics, consulting;

•
 
Environmental research and development;

•
 
Other environmental fields.
	Detailed and representative picture of the eco-industry is available

Panel analyses are possible
	Only innovations of the eco-industry are captured

No direct information on eco-innovation 


	Survey of Mazzanti and Zoboli for Italy (2006)(Section 3.1.2)

Process and product technological innovation introduced over 2001-2003, aimed at increasing environmental efficiency in (a) emission production, (b) waste production and management (c) material inputs, (d) energy sources;

Innovations (a) produced within the firm (b) stemming from co-operative agreements with other firms, (c) stemming from co-operative agreements with research institutions, (d) acquired from other firms;

Patenting activity;

Expenses on environmental R&D, capital investments and direct costs (current costs plus tax payments) over 2001-2003.
	Connection of the eco-innovation question with their impacts

Source of the innovation
	No distinction between different types of eco-innovations

	Community Innovation Survey (CIS)

How important were each of the following effects of your product (good or service) and/or process innovations introduced during the three-year period 2002-2004?

(Degree of importance: Not relevant - Low - Medium – High)

Reduced materials and energy per unit output

Reduced environmental impacts or improved health and safety
	Capturing all intended and non intended eco-innovations
	No distinction between different eco-innovations

No separation between health and environmental impacts


b) Organisational innovations 

	Eco-innovation questions

(Source of Question in brackets)
	Strengths
	Weaknesses

	OECD survey (Section 3.1.1)

While purchasing and/or marketing goods and services, does your facility regularly consider the following measures? (yes or no)

Assessing the environmental performance of our suppliers

Requiring suppliers to undertake environmental measure

Informing buyers of ways to reduce their environmental impacts

Which practices have been established in your facility in order to implement environmental management? (yes or no) 

Written environmental policy

Environmental criteria used in the evaluation and/or compensation of employees

Environmental training program in place for employees

Carry out external environmental audits


Carry out internal environmental audits

Benchmark environmental performance


Environmental accounting 

Public environmental report

Environmental performance indicators / goals

Other practice (please specify)

Has your facility actually implemented an environmental management system? (yes, no, in progress)
	Detailed description of organisational innovations and practices
	Time aspect not clearly formulated



	IMPRESS Project (Section 3.1.1)

In the last three years, did your establishment introduce (always yes or no):

organisational innovations such as environmental reports, audits, or management programmes; new or improved delivery, transport, or distribution systems for its products or services, with environmental benefits
	Detailed classification of eco-innovation


	No quantitative information available

Answers probably highly correlated with the size of the firm
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