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Abstract

In this paper we examine the innovation effects of environmental policy instruments in four literatures: theoretical models on incentives for eco-innovation, econometric studies, survey analysis and case studies. These four research streams arrive at contrary claims, because of theoretical assumptions and methodological commitments. It is argued and shown that the theoretical and econometric studies fail to account for relevant factors and features of eco-innovation. It is here argued that case study analysis and survey analysis have much to offer and we will present the findings from these literatures, scrutinise these, something that has not been done before. The conclusion of the paper -- stated in the form of seven “issues for understanding” -- is that the effects of environmental policy instruments depend on the design of the instruments and the techno-economic and political context in which they are used. Policy instruments cannot be usefully ranked with regard to their effects on eco-innovation, and the statement from economists that market-based approaches such as pollution taxes and emission trading systems are better for promoting eco-innovation seems only warranted for non-innovative, or marginally-innovative, changes. 

1. Introduction

The economic desirability of environmental policy instruments depends on (1) the value of the expected environmental benefits, (2) the costs at which environmental improvements are achieved, and (3) the extent to which they stimulate innovation at the supply side or user side (dynamic efficiency). Dynamic efficiency may be even more important than static efficiency because the development and wide-spread application of new technologies can greatly ameliorate conflicts between economic well-being and environmental quality (Jaffe and Stavins, 1990, p.1). 

In this paper we examine the innovation effects of environmental policy instruments in four literatures: theoretical models on incentives for eco-innovation, econometric studies, case studies and surveys. These research streams arrive at different claims and it is important to examine the reasons for this. We will see that the methodological approach employed in different research traditions is the main cause for such a divergence. 

As in the well-known parable of the six blind men and the elephant, we will show that scholarship has been blinded (to use a very pejorative term) by theoretical assumptions and methodological commitments, preventing scholars to see the “elephant” (the reality of eco-innovation processes and its relationship with policy). 

The conclusion of the paper, stated in the form of seven “issues for understanding” that should guide further research, is that the effects of environmental policy instruments depend on the design of the instruments and the techno-economic and political context in which they are used. Policy instruments cannot be usefully ranked with regard to their effects on eco-innovation, and the statement from economists that market-based approaches such as pollution taxes and emission trading systems are better for promoting eco-innovation is not brought out by the case study literature or by survey analysis, and seems only warranted for non-innovative, or marginally-innovative, changes. 

2. Results from various literatures 

2.1 Introduction

Different research streams have investigated the role of environmental policy instruments in influencing the innovation process. The research streams can be seen as belonging to one of four bodies of literature: (a) theoretical models of incentives for eco-innovation, (b) econometric studies about the effects of environmental policy instruments on technical change and (c) case studies of the effects of environmental policy instruments on innovation, and (d) surveys of firms seeking to distinguish the influence of different environmental policy instruments, amongst various other factors, on eco-innovation. 

These approaches, built on different methodologies, rarely attempt to acknowledge each other, as it is demonstrated by the scarce cross-reference between the three bodies of literature (see Appendix 1). In particular, the first group of theoretical studies very scarcely considers the issues arising from the empirical case studies developed in order to investigate the effects on environmental innovation of past regulations. This statement also holds true for econometric analysis, although with some exceptions.
 We argue that the case studies literature, even when its results may be anecdotal and difficult to generalize, is a necessary source of empirical evidence about policy impacts and the factors responsible for these impacts, pointing to issues that are neglected in the two other streams of literature such as the role of anticipation, the factors that work against the adoption of radical innovations (timing, stringency) and the influence of the techno-economic context on both policy and the responses to it. 

In the next section we briefly describe the state-of-art of these four literatures, showing how they lead to somehow different claims about the role of environmental policy instruments in influencing the innovation process. The analysis of the findings from the (a) theoretical and (b) econometric studies are built on already existing reviews. Case studies literature is instead quite dispersed and one aim of this paper is to bring case study findings together, including very recent contributions.

2.2 Incentives for eco-innovation

The first published model incorporating an incentives analysis of the effect of regulation on innovation is found in Ashford et al. (1979).  The authors lay out a behaviour model that distinguished innovation conducted for ‘main business’ purposes from that conducted to come into regulatory compliance.  Innovation advances that benefit main business purposes that come about as a result of complying with regulatory demands are termed ‘ancillary offsets’, identified many years later by Michael Porter as “innovation offsets” (Porter and van den Linde 1995a and 1995b).  It turns out that whether by technology push or market pull motivation, it is important to distinguish between these two kinds of innovation.  The two merge when cleaner technology or pollution prevention becomes the main approach taken by firms under regulatory challenge.

Later, researchers set out to assess firm incentives for innovation in pollution control under different regulatory regimes. These incentives are measured as cost savings in firm abatement costs in three forms: (1) direct costs of abatement (equipment expenses, operating costs); (2) associated transfer losses (payments made by the firm such as emission taxes) and (3) associated transfer gains (payments made to the firm, such as emission subsidies or patent royalties) (Milliman and Prince, 1989, p. 251). The central idea behind such analyses is that the cost savings under the different regulatory regimes are indicative for the probability that innovation in pollution control will occur.

Innovation in pollution control is modelled as a downward shift in the marginal cost curve of emission reduction – not just for some infra-marginal units of control. Polluters are modelled as profit maximizers, which means that the polluting firm will pursue innovations at the margin up to the point at which the marginal gains are equal to the marginal costs of innovation. In the models the regulator is assumed to possess perfect knowledge about the marginal conditions (the marginal cost curves and the damage function) which allows it to realize the socially optimal amount of emission reduction (before the innovation is available, and after).

Milliman and Prince (1989) assess and rank firm incentives to promote technological change in pollution control for polluting innovators, non-innovators and outside suppliers under two appropriability regimes (with and without patent protection), before and after optimal agency control, for all five regulatory regimes. They find that incentives under emission taxes and auctioned permits are equal to or higher than incentives under direct controls, free permits and emission subsidies in all cases, except for control adjustment with a non-industry innovator. Moreover only emission taxes and auctioned permits clearly reward positive gains to an industry innovator from the entire process of technological change by providing economic incentives for continuous innovation. Thus the analysis finds that emission taxes and auctioned permits are better facilitators of technological change than regulation and free permits.

The superiority of incentive-based instruments is called into question by later studies. For instance the study by Fischer et al. (2003) found that no unequivocal ranking was possible between pollution taxes, auctioned permits and free (grandfathered) permits. The relative welfare ranking of instruments depends on the costs of innovation, the extent to which innovations can be imitated, the slope and level of the marginal environmental benefit function, and the number of pollution firms. 

More recently, Requate and Unold (2003) and Requate (2005) provided a comprehensive review on the theoretical inquiries on the incentives for adoption and development (including R&D) of innovations provided by environmental policy. Requate (2005)  examined in total 28 different models and concludes that “it seems to be difficult to draw clear conclusions on which policy instruments dominate other policy instruments. I think, however, one can draw the main conclusion that instruments which provide incentives through the price mechanism, by and large, perform better than command and control policies” (Requate, 2005, p. 193). Requate also observed that some relevant aspects like the innovation output market, and the conflicts between short and long term incentives provided by environmental policy instruments are missing in traditional models and they should be brought into the analysis.

It is clear that the results of such theoretical models are valid under constraining conditions and suffer from some limitations concerning both the description of the innovation and the policy-making process. The studies are mainly limited to the incentives for pollution control innovation that result from policy, not other incentives and techno-economic constraints. Moreover they are restricted to innovation in pollution control, neglecting other types of environmental innovations (see Section 3 for a complete taxonomy).  

The theoretical studies may thus be criticised for overlooking the fact that there are other options than end-of-pipe treatment technologies and for failing to analyse the influence of policy on the choice between various technological options. It is clear that policy has an influence on technology choices, in favouring some solutions while disfavouring other. Regulations that prescribe pollution control technologies hardly stimulate clean process technologies or the re-use of waste from other companies. Economic instruments probably stimulate a much broader range of environmental innovations than regulations do but this is not investigated in the above literature. The studies pay only minimally attention to important policy features such as the regulatory preference for quick results, the inspector’s preference for identifiable end-of-pipe technologies, easing the inspection task, and the industries’ resistance to pollution taxes which usually results in low taxes when used. Such restrictions do not allow one to predict what will happen if they are used in a concrete context. In section 2.4 we will return to this issue.

2.3 Results from econometric studies

The econometric studies do not exclusively focus on end-of-pipe technologies and look at real outcomes. They may be used to examine the effects of environmental policies on products, clean processes and waste management activities but they have a number of limitations too as we will see. Nonetheless the econometric studies are an important source of information of the effects of actual policies. 

The first survey of econometric studies is that of Jaffe et al. (2002). It is not exclusively limited to econometric studies but they feature prominently in it. The focus is on the US. The main conclusion of this study is that “market-based instruments for environmental protection are likely to have significantly greater, positive impacts over time than command-and-control approaches on the invention, innovation, and diffusion of desirable, environmentally-friendly technologies”. 

In the past few years the results of several new studies appeared. The findings are incorporated in the OECD report “Impacts of environmental policy instruments on technological change” prepared by Vollebergh (2007). The OECD report is an updated survey of the empirical literature addressing the question whether there is any evidence of different effects on the rate and direction of technological change associated with different environmental policy instruments. The underlying hypothesis is that market-based incentives have a stronger impact on the rate and direction of technological innovation compared to the incentives associated to command-and-control instruments.

The main conclusion of the OECD review is that environmental regulation has a serious impact on technological change in general. Changes in invention, innovation and diffusion of technologies are clearly observable, “although the direct causal link with environmental policies is not clear” (Vollebergh, 2007, p. 5) . At least there is a change in the direction of technological change, “regardless from the kind of instrument applied” (Vollebergh, 2007, p. 5). 

With regard to the believed superiority of market-based mechanism, it is stated that it is difficult to compare the impacts of different instruments, because the studies analyzed vary greatly in methods and the instruments are different in design features that determine their incentive and because of local circumstances
 (Vollebergh, 2007, p. 23). It is being said that the distinction between command and control and market based instrument may be too general and require further investigation and that future research of the dynamic impact of environmental instruments should focus more on the issues of policy instruments’ design  (Vollebergh, 2007, p. 28).

One may wonder how well-suited econometric analysis itself is for deeper analysis into those issues. To us it seems that the econometric studies suffer from three serious methodological problems. The first has to do with the difficulty of measuring environmental policy. It is very hard to incorporate design aspects of environmental policy instruments in the econometric analysis (strictness, enforcement, differentiation of standards or taxes with regard to type of polluter, and instrument combination where the effects depend on synergies). For environmental regulation, the most common proxy employed in econometric analysis is PAC (pollution abatement cost) that measures the expenditures for achieving compliance (used inter alia by Lanjouw and Mody, 1996, Shadbegian and Gray, 2005, Höglund Isaksson, 2005). As pointed out by Rennings (2000) regulatory compliance expenditures fall short of providing a truly exogenous measure, since PAC reflects the nature of an industry’s response to environmental regulation. Other studies (Becker and Henderson, 2000 and Greenstone, 2002) use “attainment status of US counties” as a proxy for regulatory stringency. Brunnermeier and Cohen (2003) used the number of inspections as a measure for the intensity of regulation. De Vries and Withagen (2005) used dummy variables for years in which an important environmental act took effect, which allow them to assess the influence of each of various acts.All studies are struggling with the problem of measuring environmental policy, which consists of various regulations, environmental agreements, goals, taxes, subsidies and emission trading systems. In the econometric studies, no attention is given to innovation policy and to the effects of waste regulations pertaining to waste management companies having upstream effects. The studies reviewed in most cases mainly deal with pollution control measures (SO2, NOx, lead), with few exceptions considering chlorine regulation, water effluent charges, the diffusion of energy efficiency electronic appliances in the residential sector or renewable energy technologies. This can be seen as a strong restriction in drawing conclusions about the effects of environmental policies on environmental innovation. 

The second methodological problem is the measurement of innovation. Between the studies comprehended in the OECD survey, only one (Newell et al., 1999) measures innovation output (based on trade journal information about new models). All other econometric studies reviewed use measure of inventive activity or other measures. For environmental innovation the most used indicator is patents, followed by environmental R&D. This results in a bias in favour of product, as opposed to process, innovation. The other indicators used relate to firm-internal characteristics like knowledge stocks or indicators of a firm’s economic performance like productivity, investments, operating costs or marginal abatement costs.  These indicators are well-established in the innovation literature, however each of them is subject to some limitations. The influence of some relevant factors shaping the linkage between environmental policy and innovation cannot be established with general indicators such R&D, which are an input measure, not an output measure, and fail to capture research and innovation realized outside the sector affected by regulation. Patents are the most commonly used indicator for innovation output, however they are better suited to count end-of-pipe solutions and are not a good indicator to measure invention activity in the area of process integrated environmentally superior technologies. Patents are about invention, not innovation. The majority of environmental innovations are not patented and thus missed
. R&D may be a better indicator for innovation in companies subject to regulation but data on environmental R&D is often not available and also does not tell anything about the type of innovation that is being developed. 

The third methodological problem is that the econometric studies learn nothing about the actual processes of decision-making and contingencies involved. They are unable to examine the generative processes of innovation, the innovation journeys which are shown to be cumulative, non-linear processes (Van de Ven et al., 1999). The studies statistically examine the outcomes of company decision-making processes and in so doing they are unable to offer insight on the critical issue of how the effects depend on the techno-economic context in which the instruments are used and their design.

2.4 Results from case studies of eco-innovation

The third body of literature empirically investigating the role of environmental policy instruments in influencing the development and adoption of environmental technologies is composed by a broad number of case studies. Contributions are dispersed and already existing systematic reviews are not very up-to-date (Kemp, 1997, Jaffe et al., 2002). A wide set of recent empirical studies have been scanned for this purpose, and some of the evidences and outcomes are here presented in order to show the inputs emerging from this literature. We also discuss the methodologies employed. The inclusion of case studies calls into question the conclusions from the other types of literature and helps to provide a more comprehensive and realistic picture of the effects of environmental regulations on the eco-innovation process. 

Our assessment starts with the description of results what appears  the first important study on environmental policy and innovation, by Ashford et al. (1985). The authors provided a history of environmental regulation affecting innovation, built on ten regulatory cases in the US after 1970 under the Clean Air and Water Act, the Toxic Substances Control Act (TSCA), the Occupational Safety and Health Act (OSHA) and the Consumer Product Safety Act (CPSA). For each case it examined the degree of stringency (middle or very strict) and the type (product, process) and degree (diffusion, incremental, radical) of the predominant innovative industrial response.

Under the TSCA, a ban on PCBs resulted in modest process innovation and significant product innovation (development of substitutes), pioneered by new entrant firms, to the detriment of less technology-flexible incumbent firms. A similar effect, (development of new propellants substituting CFC) was observed after the ban of CFCs for aerosol applications in 1978. Whereas technological alternatives were already available within the regulated industry, regulations boosted mainly non-innovative changes and resulted in the adoption/diffusion of existing suitable substitutes. This effect was reported for the ban on the use of mercury in oil-based paints and the limitation of the lead pigments in household paints under CPSA. All in all, the industry response was “ a partially successful incremental product innovation” (Ashford et al., 1985, p. 436). The same held true for the Water Act which imposed an effluent standard for mercury chloralkali plants. Industrial response was based on the adoption of incremental innovations in the production process and of pollution control devices. In the case of permissible occupational exposure limits for lead introduced in 1978 under the OSHA the results were slightly different. The compliance with the imposed limit was mainly achieved through the diffusion of existing technologies in process practices (ventilation and isolation techniques, worker training). However, radical innovative responses were observed in the development of a completely new production process (the direct smelting process) and in accelerating the development of a new process technology in the battery industry.

Vinyl chloride standards (for VCM and PVC) accelerated incremental process innovation in the polymerization and plastic fabricators industry, where a set of monitoring and controlling and cleaning devices where introduced as a result. 

The OSHA cotton dust standard was responsible for prompting the full-scale modernization of the US textile industry. However, these comprehensive advances were not accomplished through a breakthrough technology, but through the widespread diffusion of existing technological alternatives already developed in the 1960’s. The OSHA asbestos standards imposed a limit on airborne asbestos particles in the workplace. The adoption of pollution control systems was the main compliance strategy in the asbestos industry. 

The analysis of the regulatory cases here summarized show how standard mechanisms encouraged a variety of innovations, both incremental and radical in nature. In a number of cases product regulations called forth product innovations, whereas component or pollutant regulations tend to elicit process innovation. High degree of stringency was found to be a fundamental condition for inducing more innovative compliance responses.

More recently, Christiansen (2001) investigated the innovation effects of the Norwegian carbon tax
 system in the oil industry. The methodology employed is mainly qualitative in nature. Semi-structured interviews with industrial managers and technology experts were carried out and official documents and scholarly literature were reviewed. The overall analysis is of particular interest since it is one of the very few studies addressing a climate mitigation policy instrument, thus providing and ex-post evaluation of an environmental tax, as opposed to an ex ante evaluation. 

In general, CO2 in the oil sector can be abated reducing energy requirements (process optimisations or retrofitting), improving energy efficiency (more efficient gas turbines, CCGTs), fuel-switching (substituting fossil fuels with renewable sources of energy), introducing carbon sequestration technologies or reducing flaring (Christiansen, 2001, p. 506). 

The author identified the technological solutions and institutional innovations adopted by oil companies operating in the Norwegian Continental Shelf to reduce their carbon intensity. Diffusion of available technologies and incremental process changes were the main innovation pattern observed. Two projects developed in different fields  constituted radical innovations. However, the author pointed out that in both cases (a carbon capture and sequestration technology and a system to generate electricity from shore) innovations were carried out in the design phase of new facilities (not as retrofits), and the existence of a carbon tax was but one of the many shaping factors. It provided leverage but did not start the innovation process. 

One of the best studies into the environmental technology effects of policy is the study of Taylor et al. (2005), into the policy determinants of  innovation in SO2 control technology. The study used different measures for innovation (patents, R&D expenditures, technologies, experience curves) in analysing the role of various policies on the innovation in SO2 control technology. The study is extremely rich in empirical detail. It offers a chronology of government legislation/regulation in SO2 control from 1955 to the 1990s in the US, specifying the implications for the Fluegas Desulphurisation (FGD) market, together with a chronology of public RD&D highlights. The main goal of the study was to establish the influence of 3 types of policy on innovation: 1) SO2 control regulations, 2) public research support, and 3) the emission trading system for sulphur emissions introduced as part of the Clean Air Act Amendments (CAA) in 1990. The effects of the different policy approaches were analysed in 3 different ways: (i) through econometric analysis using information about patent activity and government regulatory activity, (ii) through interviews with technology vendors and specialists, and (iii) through a content analysis of the yearly proceedings of the SO2 symposium at which FGD vendors met with government and university researchers, utility pollution control operators. The study found that patent activity predated the actual regulations (anticipation effect) and stayed at a high level thanks to SO2 control regulations introduced in the 1970-1990 period. A second interesting finding is that the regulations curtailed invention in pre-combustion technologies that cleaned coals. Patenting in these technologies fell after the introduction of the 1979 New Source Performance Standards regulations. The emission trading system introduced in 1990 as part of the Clean Air Amendments did not restore patenting levels for precombustion technology. In fact, the introduction of the emission trading system was found to have little effect on invention, a conclusion which corresponds with Burtraw (2000). The 1990 CAA did cause a shift in the compliance options, away from dry FGD and sorbent injection systems, which were less economical than the use of low sulphur coal with limited wet FGD application. The emission trading system did hardly stimulate invention but affected the choice of compliance choices. Regulation clearly is the mother of invention but also acted as a filter. It is unclear what would have happened if the US had introduced an emission trading systems already in 1970 instead of 1990. The trading system certainly has saved a lot of costs
 but would it also have led to the same advances in FGD? Probably not.  

The results of the study of Taylor et al (2005) appeared 2 years after a publication on the innovation effects of the Clear Air Act on innovation in sulphur control by David Popp (2003). Using patent data and data about the scrubbers installed, Popp found that the emission trading system for sulphur did not lead to an increase in patents in sulphur control technologies but noted that the control efficiencies of the scrubbers installed were higher than those installed prior to 1990, leading him to the conclusion that the ETS led to a change in the direction of technical change (towards higher control efficiencies). This result fits with economic thinking that economic instruments offer a greater spur to innovation, especially innovation in greater control efficiencies, and is quoted by the overview articles of Jaffe et al. (2003) and Vollebergh (2007) where it is singled out as “a telling example”. It is interesting to look more deeply into this result. What we find is that much is made of a small increase in the type of patents. Scrubbers with control efficiencies of 90% and more were already available and being used prior to 1990 in reaction to the SO2 control regulations.  The ETS had an impact mainly on the type of scrubbers adopted. Innovation was pulled by regulation rather than by the emission trading system of the Clean Air Act.
 The innovation impact of ETS remains to be demonstrated.  

Yarime (2003) offers a detailed analysis of the policy events in Japan relating to the control of mercury emissions from Chlor-Alkali plants in Japan and the technologies being adopted in response to those regulations. It is an interesting study, showing the positive and negative power of regulation. Following the discovery from mercury-related diseases in the Minamata area stemming from the consumption of fish containing mercury, Chlor-Alkali plants all over Japan became the focus of public attention, wrongly as it turned out later. Giving in to public pressures to act, the Japanese government established a Council for the Promotion of Counter Measure who decided that all Chlor-Alkali plant has to convert the mercury process to non-using mercury plants. In November 1973 at its third meeting the Council ordained that 2/3 of the existing mercury plants were to be converted to the diaphragm process (the only real alternative at that time) by Sept 2005 and the remaining 1/3 by March 1978. A multistakeholder Committee for the Promotion of Process Conversion in the Soda industry was established, to work out a schedule of the process conversion programme. The time plan left industry little choice but to adopt diaphragm technology, an energy intensive technology producing lower-quality soda than the mercury process, making it a suboptimal choice from an industry point. 

News about rapid progress in a new process for producing soda and chlorine -- the ion exchange membrane process -- led the Council to the decision to investigate its potential. In 1976 the Council established an expert committee to investigate the appropriateness of use of the ion exchange membrane process. A positive if cautious report based on first experiences with ion exchange membrane technology led the countermeasures committee to review its schedule. At the 5th meeting held in Sept 1979 the Council reached an agreement that the remaining mercury plants were to be converted by the end of 1984. This gave industry time to prepare themselves for the use of ion exchange membrane technology, which became the preferred choice, not immediately but after a few years.

Mickwitz et al. (2005) examined the role of policy instruments in the innovation and diffusion of environmentally friendlier technologies in two sectors in Finland: Pulp and Paper (P&P) and the marine engine industry. The main source of information for the analysis were interviews with innovators and companies using the innovation. They tested 8 claims concerning the effects of regulations, environmental taxation and R&D funding. The claims for regulation and environmental taxation are presented in Table 1, together with the empirical evidence for the cases studied. They found evidence supporting common claims that regulation drives diffusion rather than innovation but also contrary evidence. There is both evidence of regulations driving innovation and energy taxes stimulating innovation diffusion instead of innovation. 

Table 1. Empirical evidence about claims regarding the effects of regulation and economic instruments on technical change

	Claim
	Supporting experiences
	Contradicting experiences

	R1   Environmental regulations (permits, standards, etc.) are often based on existing technology and provide no incentive to innovate but may stimulate diffusion.
	· Activated sludge treatment,  diffusion

· Chlorine-free bleaching of pulp

· Filters for air emissions
	· Activated sludge treatment,  technology development

· The Alaskan smoke standard

· The anticipation of the IMO NOx regulation

	R2  Non-binding permit conditions or standards do not provide any incentive to innovate.
	
	· Wastewater permits, especially for BOD and phosphorus

· The anticipation of the IMO NOx regulation

	R3  Permit conditions or standards only confirm the development that has taken place otherwise and provide no additional incentive even for technology diffusion. 
	· Reduced discharges of chlorine compounds from pulp bleaching

· Change from sulphite to sulphate pulp production
	· Activated sludge treatment

· The Alaskan smoke standard

· The anticipation of the IMO NOx regulation

	R4  Environmental regulations (permits, standards, etc.) can easily hamper innovations, by directly specifying the technology to use or indirectly making try-outs impossible.
	
	· The flexibility of the Finnish water permits to support try-outs

	E1  Environmental taxes are superior to other policy instruments with respect to innovations.
	The Swedish fairway and port fee differentiation
	· The Finnish energy taxation, in the case of  pulp and paper production


Source: Mickwitz et al. (2005)

The conclusion that they draw from their analysis is that “generalisations of the role of policy instruments innovation and diffusion in environmentally friendlier technologies, without considering the specific characteristics of the situation, are dangerous” (Mickwitz et al. 2005, p. 27). One important situational aspect is the distribution of the benefits and costs of a policy instrument as these affect the choice and design of the instrument: the strictness, exemptions, enforcement and adoption. According to Vollebergh (2007) the use of economic instruments creates less space for rent-seeking. This may be true but taxes may also be misdirected and the experience with them shows that they are usually set at too low levels to spur innovations new to the world. 

Nill and Tiessen (2005) show how environmental standards (Clean Air Act and equivalent standard regulation to address atmospheric pollution from cars) can have direct implications for technological advances, influencing the competition between technological alternatives. The analysis carried out by the authors reveals that the time-schedule of the Clean Air Act, pushing for quick results, favoured the use of the catalytic converter, a fuel-increasing solution, and it “slowed down the development of more radical solutions able to overcome the emission-fuel consumption trade-off”. It is hard to tell what would have happened under different policies but the study marshals a great deal of evidence that the particular timing and stringency affected variation-selection dynamics. It more or less locked out potentially superior solutions. The study also describes how policy itself was influenced by public pressure and political factors.

The influence of the time aspects of environmental policy on techno-economic dynamics has been studied for various cases
 in the Sustime project – the results of which are published in Sartorius and Zundel (2005). The conclusion of this study is that the time strategy is a fundamental design issue for the success (or failure) of an innovation-oriented environmental policy: “Political impulses at the wrong time either barely bring about a worthwhile effect or else they cost too much money and time to bring about a real change in economic behaviour. At the right time, even weak political incentives can stimulate external environmentally friendly innovations” (Sartorius and Zundel, 2005).

Similä (2002) developed a retrospective assessment of the impact on environmental innovations in the Finnish paper industry
 of the Water Act regime (period 1970-2000). The author’s focus is set on the analysis of the regulatory framework (guiding principles and design aspects) and on the political processes. The methodology developed combines interviews with the analysis of official documents.

The study looks at implementation issues, which were found to be important for compliance choices. Permitting under the Finnish Water Act was based on case-by-case decisions. In the absence of legally-binding technical parameters, the regulator’s decisions were based on a set of general criteria. One of the identified criteria was the following of the ‘general policy line’ that new ELVs (Emissions Limit Values) should be “at least as stringent as the ones established before for similar cases”. Another principle guiding the setting of emissions level was that of assessing available technologies, formally introduced as BAT principle in the Act in the 1990s. Both principles lead to the diffusion and adoption of existing incremental technologies and did not provide further incentives to innovate. 

Whilst permits can have a technology-forcing effect (as shown by the study of Ashford et al., 1985), the Finnish permit system was proved to have an effect only on the diffusion of incremental/end-of-pipe technologies. They did little to alter the production processes. For instance, sulphite mills are much more polluting than sulphate mills, but no evidence has been found that the implementation of the Water Act resulted in a shift towards less polluting process technologies. 

The above-described empirical works employs a different set of methodological tools and sources: interviews with experts, innovator companies (both users and developers) and officials. People can be expected to have a sophisticated understanding of complex processes but their knowledge is likely to be partial and restricted to cases; there remains a need for information that is collected more systematically on a large sample basis (allowing one to also see differences as well as offering a basis for statistical generalisation). For this, survey analysis may be used.  

2.5 Results from surveys of firms on the effects of environmental policy instruments on eco-innovation

A fourth methodological resource are surveys. Survey analysis can be used to learn about the influence of specific policies and specific policy features on environmental innovation (as in Becker and Engelmann, 2005). They may also be used to study the influence of a spectrum of variables influencing innovation choices, (such as firms-internal and market characteristics as in Mazzanti and Zoboli, 2006b and in del Rio Gonzaléz, 2005) or to distinguish drivers according to the typology of the environmental innovations adopted (process/product/EOP, as in Frondel et al., 2007 and Rehfeld et al., 2007). Surveys can refer to a micro-level of analysis (a single industrial sector) or be national or multi-national (as in OECD; 2007).  The size of the analysis influences the generalization of findings.

Becker and Engelmann (2005) looked both at factors promoting and hindering the adoption of innovations able to reduce water pollution from chemical industry in West Germany. The authors selected an array of supposed drivers and barriers for water benign innovations, based on expert interviews and a literature review. The identified factors were combined in a conceptual framework illustrating the factors influencing a firm’s innovative decision, that was later empirically tested by means of a survey. The questionnaire investigated the motivations guiding the innovation decisions and went along with follow-up interviews.

On a total amount of 31 respondents (from a randomly selected sample of 80 companies), 12 companies reported the implementation of EOP and 16 the adoption of production integrated technologies
 between 1996 and 1998. Process-integrated changes were the most common response; a change in input materials (for example abandoning the use of solvents) rarely occurred. As for the relative importance of the determinants of innovations, the reaction to environmental regulations proved to be by far the most important factor for both categories of environmental technologies, followed by reputation gains and reduction of material costs (only for process-integrated innovation). The attainment of the regulation requirements proved to be the most important impediment for further EOP innovations (see Table 2). This shows again the two-way influence of regulation. 

Table 2. Drivers and barriers for innovations

	Reasons for carrying out innovations
	End of pipe
	Integrated

	Reaction to environmental regulations
	83%
	80%

	Reputation vis-à-vis different stakeholders
	50%
	47%

	Reduction of material costs
	-
	27%

	Reasons for refraining from innovations
	
	

	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: Adapted from Becker and Engelmann (2005)

The study of Mazzanti and Zoboli (2006b) under manufacturing firms in the Emilia Romagna region in North Italy is interesting for looking at both eco-innovation outcomes and facilitating processes. Based on 2 surveys (in 2000 and 2003), it obtained interesting information about such issues as the focus of environmental innovation (emission, waste, material substitution, energy), the source of the innovation and the relationship between inputs, organisational matters and outputs. Emission reduction was the most important target (quoted by 49% of the eco-innovating companies) followed by green energy (46%), waste management (42%) and material input substitution (28%).  Innovation developed by firms themselves is highest for material input related innovation (62% of the innovating firms) and lowest for emission reduction (34%); collaboration with other firms is the most important source of collaboration. The study found evidence of networking for eco-innovation and established a positive relationship between organisational innovation and technological innovation.
 It shows that eco-innovation is not just about pollution control or reduction. 

Frondel et al. (2007) studied the influence of various policy instruments on the choice of end-of-pipe and integrated process changes in Germany. Policy stringency is the most significant determinant. The choice of instrument is found to be less important; what really counts is stringency. Regulation is important especially for end-of-pipe solutions but less important for cleaner production for which cost reduction is an important factor. The study found no significant impacts of market-based instruments. These results are in line with the case study findings (especially the findings of Ashford et al., 1985, and Ekins and Venn, 2006) but quite orthogonal to the conclusions of the theoretical models. 

Survey analysis can also be used to study the effects of other variables than policy on compliance choices. Del Rio Gonzaléz (2005) investigated the factors influencing clean technology adoption in the Spanish Pulp and Paper industry. His analysis is based on a survey comprehending a structured questionnaire followed by telephonic interviews to firms managers (46 mills on a total population of 130). For this industry he found that the most important drivers for the adoption of environmental technologies are: corporate image, regulatory pressure, personal commitment of managers, pressure from foreign parent companies and pressure from environmental NGOs. The adoption of an environmentally superior technological solution is viewed as the result of an interactive set of factors varying according to the type of firm and technology considered. The author find that “smaller firms tend to adopt less radical environmental technologies due to a relative shortage of financial, human and technical resources” (del Rio Gonzalez, 2005, p. 30).

The OECD (2007) in a three-year project has investigated the role of environmental policy initiatives on environmental management, performance and innovation. Several econometric analyses were undertaken based on the application of different techniques to a database of manufacturing facilities in seven OECD countries
. We restrict our analysis here to the findings concerning environmental innovations. In this respect, two issues were investigated: (a) whether a facility invested in integrated ‘clean production’ rather than EOP abatement and (b) environmental R&D.

A large majority of the respondents, the highest percentages being registered in Japan and France, reported that the actions undertaken to comply with environmental regulation were more closely characterized as a change in production process, rather than EOP or resource recovery (OECD, 2007 p. 57). Germany registered instead the highest proportion of EOP. For clean technologies the main factors are ‘cost savings’, ‘flexible’ instruments and the institutional location of the person responsible for environmental matters. With clean production technologies production and abatement are undertaken together, thus allowing a facility to realize economies of scope between production and abatement. Direct regulations (technology standards) increase the propensity to invest in EOP, while taxes and (to a lesser extent) performance standards and input bans favour the introduction of change in production process (OECD, 2007 p. 10). Johnstone and Labonne (2007) found evidence that when the person responsible for environmental matters “is located in an 'environmental health and safety department', the facility is much less likely to have adopted an integrated approach to environmental concerns” (Johnstone and Labonne, 2007, cited in OECD, 2007 p. 59).

Environmental research and development defines investments with the primary objective of improving environmental performance. However, the distinction between environmental and non-environmental R&D encounters several limitations and difficulties. For instance, the objective of a research effort may not be the same as the outcomes and country differences may be reflected in the definition of what is environmental in nature (OECD, 2007 p. 61). Furthermore, as Ashford (2000) suggested, the distinction between main business innovation and compliance-driven innovation blurs when the compliance approach is characterized as pollution prevention or cleaner production. The main drivers for environmental R&D proved to be policy stringency and the type of instrument employed. Different econometric models were developed, one finding evidence of the positive role of flexible policy instrument, the other that policy stringency is the main determinant for environmental R&D, with policy instruments only having an indirect influence through the role of environmental accounting. Also firm size matters, larger facilities are more likely to undertake environmental R&D.

Policy stringency proved to be a key issue for both environmental performance, clean production and green R&D.  The measure used for policy stringency is “perceived environmental stringency” being the respondent’s view of the relative stringency of the environmental policy regime to which their facility is subject.  The environmental stringency of policy as perceived by the respondents was found to be weakly correlated with the reported number of inspections, suggesting that inspections (used by Brunnermeier and Cohen, 2003)  is not a very good measure. As for the influences wielded by different instruments, it was found that policy instrument choice does not directly affect environmental performance. The influence is through innovation and environmental R&D. As to the influence of various instruments it was found that flexible instruments are more likely to trigger clean technologies instead of EOP solutions.

As previously stated, the concept of environmental innovations encompasses a spectrum of options also including green products, that can reduce input materials or hazardous substances, energy use and waste production. Green product choices are studied by Türpitz (2004) who developed a case study based on interviews and analysis of company specific documents (environmental reports, eco-balances etc.) that considered technological, political, market-related and company specific determinants for environmentally-friendly product innovations in six companies
. 

Türpitz found that regulation appears to be the main driver of product-related eco-innovations: the compliance with existing regulation requirements and the anticipation of future rules was the most influential incentive among companies underpinning product innovations.

The interviews with managers responsible for product-related environmental issues revealed that information on the viable technological and organizational options to reduce the environmental burdens of a product can come from both the upstream (suppliers) and the downstream of the value chain (users). In particular, the utilisation phase showed the higher potential of easily-exploitable and cost-saving solutions. As for the role of market signals, the analysis demonstrated that their influence varies per sector and that green innovators often faced commercial obstacles. The willingness to pay of consumers for the environmental friendliness of a product appeared to be low and strongly dependent upon ecological awareness. Further influencing factors are company-specific factors (size and culture). IPP measures proved to be weakly relevant, product responsibility increases the manufacturer’s attention to recycling-suitable product design; eco-labels and LCAs did not come out as main drivers of product-related eco-innovations in the statistical analysis.

With respect to the methodology employed, Türpitz (2004) remarks that even though the set of cases collected is too limited to consider the results obtained as statistically representative, nonetheless the small sample size allowed for a detailed analysis, comprehensive of timeframes of company processes and of technology-specific information that cannot be addressed in extended surveys and in econometric analysis. 

An important rationale for case studies, is that they can lay the groundwork for subsequent and more extended surveys, as is the case for Rehfeld, Rennings and Ziegler (2007), who employed case studies findings from Türpitz (2004) for the survey questionnaire design as well as to select the potential determinants of environmental product innovations.

The authors empirically analyzed the determinants of environmental product innovations in German manufacturing sectors based on a firm level data set
 and focusing on the role of organizational-IPP
 measures. The methodology adopted combines descriptive statistics with an econometric analysis. 

Only 37,2% of the companies interviewed had introduced an environmental product innovation between 2001 and 2003 of. A far higher percentage of respondent have been instead involved in the implementation of environmental process innovation (69,9%) or non-environmental product innovation (64,5%). As for IPP-measures, 74,9% of the companies who developed a green product applied environmental criteria in product planning and development and half of them were active in waste disposal or take-back systems. A minor role is played by LCA and eco-labels.

Besides IPP measures, the survey directly investigates the role of policies as a determinant for green products innovations. It turned out that “compliance with existing and future legal requirements” was an important innovation goal for 68,9% of environmental product innovators, the corresponding share for non-environmental innovators is 53,3%. However, according to the econometric analysis (applying binary and multinomial discrete choice models) aimed at establising the influence of each of the previously identified determinants, the environmental policy variable proved to have only a “weakly significant effect” on environmental product innovation. Environmental policy is depicted as one among many others factors (technology-push, market-pull and firm-internal) and the evidence described through simple statistical evidence is partially refuted by the econometric analysis. The two evidences, stemming from different methods of analysis applied to the same sample, complement each other and together provide a more insightful representation of reality.

3.  Issues for understanding 

Future research will benefit from certain issues for understanding based on various literatures, especially the case study literature. This section formulates seven important issues for understanding. We are not saying that they are completely overlooked but they certainly are poorly integrated in the research traditions. 

The first issue for understanding is that technology responses depend on more than the incentives. The case studies show that eco-innovation depends on company capabilities to innovate in environment friendly ways, the company’s attitude towards risk and the attention given to environmental issues
 (Hyvättinen and Hildén, 2004, del Rio Gonzalez, 2005, OECD, 2007). Frondel, Horbach and Rennings (2007) found a positive correlation between internal forces and market forces and environmentally innovation behaviour. Eco-innovation choices also depend on factors outside the company, such as the techno-economic context where a company is settled at industrial, local and national level. The evidence provided by the case study literature shows the importance of networks for environmental innovation (Hyvättinen and Hildén, 2004, Luijten, 2001, Taylor et al., 2005,  Mazzanti and Zoboli, 2006b).

The second issue for understanding is that we should not talk about innovation and environmental innovation in an unqualified way. Within the innovation literature, a distinction is made between incremental innovations, radical innovation and system innovation (new technological systems) (Freeman, 1982, Kemp, 1997, Rennings et al., 2003, Arundel et al., 2003). Incremental innovations are minor modifications of existing processes or products, while radical innovations imply a technological discontinuity based on a break with existing competencies and technologies. The very radical innovations may entail the formation of new technological paths providing new solutions to a problem, e.g. renewable energy sources as opposed to fossil fuels biological agriculture and novel protein foods replacing animal meat products. A traditional taxonomy of environmental innovation is that of end-of-pipe and clean technological solutions (or process-integrated), the second often being environmentally superior (see Kemp, 1997, Frondel et al., 2007). A more elaborate scheme is given in table 3.

Table 3. A taxonomy of eco-innovations

	Category


	Subgroups

	Environmental technologies
	Pollution control technologies including waste water treatment technologies Cleaning technologies that treat pollution released into the environment

Cleaner process technologies: new manufacturing processes that are less polluting and/or more resource efficient

Waste management equipment

Environmental monitoring and instrumentation

Green energy technologies

Water supply

Noise and vibration control

	Organisational innovation for the environment
	Pollution prevention schemes: aimed at prevention of pollution through input substitution, a more efficient operation of processes and small changes to production plants (avoiding or stopping leakages and the like)

Environmental management and auditing systems: formal systems of environmental management involving measurement, reporting and responsibilities for dealing with issues of material use, energy, water and waste

Chain management: cooperation between companies so as to close material loops and to avoid environmental damage across the value chain (from cradle to grave)

	New or environmental improved products, environmental/greener services 
	New or environmentally improved products (goods) including eco-houses and buildings

Environmental services: solid and hazardous waste management, water and waste water management, environmental consulting, testing and engineering, testing and analytical services

Services that are less pollution and resource intensive

	Green system innovations


	Alternative systems of production and consumption that are more environmentally beneficial than existing systems 


Source: MEI project (www.merit.unu.edu\MEI) 
In the OECD, end-of-pipe solutions are no longer the most important technology for dealing with environmental issues (Figure 2). Companies have shifted to cleaner production. Of the companies that had undertaken environmental measures, 76.8% had changed their production technologies; end-of-pipe measures were adopted by 23.2% of the facilities involved in the survey. The dominance of cleaner production was a consistent findings across the 7 countries studied, but the shares differed between countries. Germany had the highest share of EOP solution; Japan had the highest share for cleaner production. 

Figure 2: Choice of environmental technologies in seven OECD countries (in %)
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Source: Frondel et al. (2007).

A third issue, related to the second one, is that almost all firms are engaged in environmental innovation if we define environmental 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 (working definition MEI project).  Most of the responses consist however of simple improvement or the adoption of technologies developed by others. According to Foxon and Kemp (2007), reasons for this are: 

1. The absence of an economic incentive to go beyond standards required by law;

2. Low level of taxes when used;

3. Regulatory preference for quick results, which leads regulators and permit writers to set unchallenging standards from an innovation point of view;

4. Poor innovation capabilities of the problem sector; and

5. The problem sector’s preference for non-disruptive technology responses.

More systematic research is needed on this. 

The fourth issue is that technology responses are not a simple response to regulatory pressure. Apart from the regulatory stimulus, many other factors exercised influence
. This suggests that the stimulus-response model is too simple. For one thing, it assumes that environmental innovation starts with regulation, which is most often not the case. The link between regulator and regulated is not unidirectional, the empirical literature describes anticipative behaviour of regulated firms (Hyvättinen and Hildén, 2004, Simila, 2002). Instead of a traditional ‘policy cycle’ where an environmental technological solution follows the implementation of a policy, the development of an innovation may precede a policy and even exert influence over the policymaking process (Kemp, 1997, Kivimaa, 2007, p. 101).

The fifth issue of understanding is that impacts of policy instruments depend on how the instrument is formulated and used. Relevant aspects of design are:

· Stringency

· Predictability

· Differentiation with regard to industrial sector, plant, new investment, …

· Timing: the moment at which they become effective, the use of phase-in periods

· Time path of the standards and the credibility of policy commitments to future standards 

· Possibilities for monitoring compliance and discovering non-compliance

· Enforcement (inspection and penalties for non-compliance)

· Combination with other instruments of policy

The different impact associated to the a different nature of the instrument employed (command-and-control or market-based) could be barely significant compared to the combined effect of other design issues that are under the control of the regulator and that should be carefully considered. Regulatory stringency for instance was already recognized as “the most important factor influencing technological innovation” by Ashford et al (1985) and many of the reviewed empirical studies confirm this statement. The correlation between policy stringency
 and environmental innovation behaviour has been proved econometrically by Frondel, Horbach and Rennings (2007) and very early by the American case studies of Ashford et al., 1985). This points to the necessity to consider a policy instrument design in a broader sense, to go beyond ‘instrumentalism’, i.e.  “the assumption that it is the proper selection of the most appropriate policy instrument that guarantees policy success” (Frondel, Horbach and Rennings, 2004, p. 4). This position fits with the findings of Blazejczak et al. (1999) and Norberg-Bohm (1999a, 1999b) and corresponds with Driesen who writes that “since both trading and traditional regulation sometimes stimulates innovation and sometimes does not, some factors besides instrument choice must influence the degree of innovation” and “ design considerations such as stringency and the existence of adequate monitoring may matter even more than the choice between trading and non-trading programmes” (Driesen, 2005 p. 30).  

The sixth issue is strictly connected to the previous one and states that there is not one single best instrument to foster innovative response to environmental regulations. According to the theoretical literature, taxes and emissions trading systems are superior in promoting innovation than regulation. This may be true for low-cost improvement innovations but not for radical innovation. There is more evidence of regulation promoting radical innovation (Ashford et al., 1985) and Taylor et al. (2005) than evidence of market based instruments promoting radical innovation. Burtraw (2000) found that the ETS for SO2 in the US stimulated fuel substitution and organisational innovation, it did not stimulate “patentable discoveries”. The most important response to the CAA was fuel substitution. About half of the reductions in sulfur during Phase I of the program have been achieved by changing to coal with lower sulfur content. This conclusion fits with the arguments of Driesen (2005) that ETS “weakens net incentives for innovation” by offering a cheap way out. This is also the view of Ashford (2000, 2005) who favours regulation for stimulating radical innovation. Frondel, Horbach and Rennings (2007) found no evidence of the impact of market-based environmental instruments on innovation, and they interpreted this evidence “by the fact that policy instruments do not have a significant impact if their implementation is lax. Particularly market-based instruments, such as eco-taxes, are often watered down in the political process” (Frondel, Horbach and Rennings, (2007, p. 579). 

Market based instruments have the important value that they do not prescribe a particular solution, but neither do performance-based regulations. Taxes and emission trading allow for more flexibility from the part of the regulated agent, reducing adjustment costs, and optimizing entry/exit and capital turnover rates (Vollebergh, 2007). A second advantage is that economic instruments provide a constant incentive to reduce emissions. A third advantage of taxes is that the technology-related information requirements for public authorities are much lower when using a tax compared to when using technology standards. This reduces the space for rent-seeking and the potential to misdirect innovation (Vollebergh, 2007). In order to be effective, polluters must be responsive to price signals and the price signal must be be strong enough, two important conditions for their effective use (Kemp, 2000). 

Little research has been done on the innovation effects of the IPPC system based on the notion of BAT, which constitutes the most important innovation in environmental policy in Europe. There is a danger that the BAT system prescribes certain technologies. But it may also encourage suppliers to develop solutions as long as the BAT lists are regularly updated. 

The seventh issue of understanding is that environmental policy can have both a positive and a negative influence on environmental innovation.  Some of the illustrated case studies (Nill and Tiessen, 2005, Mazzanti and Zoboli, 2006a and Yarime, 2003) showed how in presence of the regulator preference for quick results, environmentally superior solutions were locked-out in favour for incremental solutions. This evidence points to the possible conflict between short-term goals of policy and the long-term change needed for sustainability . 

From a welfare point of view, we should not only look at whether the policies stimulated innovation but whether the technological solution developed and adopted constitutes the best choice. To answer this question, one might do a cost-benefit analysis of the options adopted and those not adopted. This is not easy to do in a dynamic world in which the costs of new technologies change over time (when the technology goes down the learning curve and competition takes away monopoly rents), in which there are knowledge spillovers and all kind of other knock-on effects. 

Whether or not the policy is not just cost-effective but contributing to general welfare would require an analysis of all the effects: the environmental benefits and the value of all the indirect effects. 

4. Conclusions

Four bodies of literature have investigated the role of environmental policies promoting innovation. Theoretical efforts concentrated in the different benefits associated to policy mechanisms with a different nature. However, a clear ranking between environmental policy instruments is difficult to achieve, even though market based instruments are usually at the top (Requate, 2005). In addition, theoretical models are built under several restrictive assumptions.

As for the empirical literature, we examined approaches and main findings from econometric (time series) analysis, case studies and surveys. In the first group, several contributions concentrated on the different effects associated to different instruments. Instruments choice is one of the aspects under regulatory control, however, design issues could impact more on overall dynamic efficiency than the nature of the incentive provided.

Econometric analysis reviewed by Vollebergh (2007) show how difficult it is to de-link the incentive associated to the use of a specific instrument to the incentive depending to the specific design features of the instrument analyzed, thus hampering the possibilities for a straightforward comparison between instruments and suggest that the simple distinction between command-and-control (CAC) and market-based (MB) instruments may be too general. The conclusion that environmental policy instrument have an impact on environmental innovation (at least on the direction of technological change) holds, regardless of the type of instrument applied (Vollebergh, 2007, p. 28).

Survey analysis undertaken by the OECD (2007) finds that flexible instruments such as MB instruments are more likely to trigger clean technologies than EOP solutions. 

From the examination of the empirical literature based on case studies it is difficult to generalise about the innovation effects of CAC and MB instruments. What these studies show is that techno-economic and political factors interact with each other in the eco-innovation process. There is more evidence of regulations stimulating radical innovation than of market-based instruments doing so. This is an important fact to be acknowledged because regulation is generally viewed as stimulating merely the diffusion of environmental technology. When using regulation to foster radical change there is a danger of locking industry into overly expensive technologies, especially when using specification standards. Examples are diaphragm technology for mercury production and EDTA (Yarime, 2003). Of course radical innovation may also be stimulated by innovation policy, through special eco-innovation programmes and through general subsidy schemes prior to regulation.  

From the whole literature and the discussion of section 3 it follows that the effects of environmental policy instruments in the real world are governed by the complexity of the innovation processes and political considerations of using instruments. Policy instruments are complex “things” and the same is true for innovation. The effects of any policy depend on the design of the instrument and the context in which they are applied. The specifics of policy and the situation in which they are applied are all-important for the outcomes. Increasingly this is acknowledged in the theoretical literature, but the general view holds that market based instruments are superior. Our own conclusion from the empirical literature is that market based instruments are good for stimulating incremental change and diffusion of technology but not very effective in stimulating innovations new to the world. For this, regulation has proved more effective. But the empirical literature also shows that regulation acts as a barrier to innovation in greater control efficiencies once emissions limits are met. 

Rather than asking which instrument is best a more fruitful research question is: given the available range of policy instruments, which is most likely to be successful in attaining desired objectives? There will be a role for market-based instruments, but the simple-minded conclusion of economists that it is always correct to use market-based instruments is not likely to be the most effective way to promote innovation in all circumstances, and in some may be completely ineffective. Innovation policy and regulation may be better suited for bringing forward radical innovation than market-based instruments. 

For future research concerning “the elephant” (the truth about best policy for stimulating eco-innovation), we want to say that any failure to include relevant policies and policy features in the analysis (endemic in econometric studies and theoretical studies) may lead analysts to wrong conclusions about the influence of policy and other factors on eco-innovation. Of course, it will be hard to take into account all relevant features in studying eco-innovation. Giving the wide range of factors affecting environmental innovation and because of measurement difficulties, there is a need for combining different methods, as Taylor et al. (2005) and Rehberg et al. (2007) did, in analyzing the influence of environmental policy instruments on innovation. It is certainly advisable to use other literatures and to speak to industry and suppliers about technology choices and the most important factors for innovation, before embarking on a sophisticated econometric analysis. The results of such an inquiry under experts should be reported. It allows the readers to assess the robustness of the results and the relevance of the findings. More attention should be given to case study work. It is striking that almost all theoretical economists and most econometricians do not refer to case study findings. They only refer to other theoretical models and other econometric studies, whose findings are frequently orthogonal to the findings of case studies.  The survey studies (Frondel et al., 2007; Mazzanti and Zoboli, 2006b) are a positive exception in this regard by referring to findings from various literatures. 

This paper has not the aim to question the quality and honesty of the researchers engaged in the studies surveyed but to draw attention to limitations and potential biases in the results. The metaphor of the elephant should be interpreted as follows: we are all blind men, to some extent, in that we have a limited range of tools (theoretical and empirical) at our disposal to try to understand something that is certainly larger than any one discipline can encompass. The tendency is therefore for all of us to examine one part of the phenomenon in detail, and perhaps come up with partial truths, but then we run the risk of making unjustified generalisations about the nature of the whole. With this paper we hoped to give a better picture of the “elephant” by delineating 7 features. We were able to do so by drawing on multiple sources of knowledge. 
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Appendix 1

With the aim of understanding whether the three research streams analysing the effects of past environmental regulations on innovation are sharing their findings among each others, we examined the references quoted in the econometric works reviewed by Vollebergh (2007, p. 17, 21 and 25).  For each of the reviewed studies we put a mark in case they cited other econometric studies, theoretical models, case studies or surveys.

Table 4: Cross reference analysis of econometric studies.

	Econometric analysis

OECD/Vollebergh 2007
	Other econometric analysis
	Theoretical analysis on

incentives
	Case studies
	Survey-based

analysis

	Lanjouw and Mody (1996)

	x
	
	
	

	Jaffe and Palmer (1997)
	x
	x
	
	x

	Becker and Henderson (2000)
	x
	
	x
	

	Brunnermeier and Cohen

(2003)
	x
	x
	
	

	Popp (2002)
	x
	x
	
	

	Snyder, Miller and Stavins

(2003)
	x
	
	
	

	Gray and Shadbegian (1998)
	x
	
	
	

	Shadbegian and Gray (2005)
	x
	
	
	x

	Bellas (1998)
	x
	x
	
	

	Popp (2006a)
	x
	x
	
	

	Popp (2006b)
	x
	
	
	

	Kemp (1998)
	x
	
	x
	x

	Höglund Isaksson (2005)
	x
	x
	
	x

	Millock and Nauges (2006)
	x
	x
	
	

	Hassett and Metcalf (1995)
	x
	
	
	x

	Klaassen et al. (2005)
	x
	
	
	

	Aalbers et al. (2007)

	n.a.
	n.a.
	n.a.
	n.a.

	DeCanio and Watkins (1998)
	x
	
	
	

	Greene (1990)
	x
	x?
	x
	

	Jaffe and Stavins (1995)
	x
	x
	
	x

	Newell, Jaffe and Stavins (1999)
	x
	x
	
	

	Revelt and Train (1998)
	x
	
	
	

	Kerr and Newell (2003)
	x
	x
	
	

	Carlson, Burtraw, Cropper and Palmer (2000)
	x
	
	
	

	Popp (2003)
	x
	x
	
	

	Lange and Bellas (2005)
	x
	x
	x
	x
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�	 This paper has taken long to write and went through various versions. We are grateful for the comments we received from Nick Ashford, Paul Ekins, Roberto Zoboli and Massimiliano Mazzanti. They are not accountable for the views expressed in this paper. 


�	 Of the 26 econometric studies surveyed in Vollebergh (2007) 4 refer to case studies and 7 to the results of survey-based analysis.  


�	 As for the geographical coverage, most of the studies reviewed (22 on 26) are US based, only 4 refers to European experiences (French tax, wind turbines, Swedish NOX and Dutch water effluent charge), all the others are US based. This limit is recognized in the OECD review where it is stated that the comparison with European studies could provide elements to understand the role of cultural differences. Such a comparison could also provide elements to understand the implications of different policy styles and institutional settings.


�	 As example, Mazzanti and Zoboli (2006b) investigate the factors influencing environmental innovation in a local industrial district. About the 79% of the firms included in their survey reported to have adopted environmental innovation (both process and product innovations), but only 2% of them reported a patent activity. 


�	 The CO2-tax system was introduced in 1991 and it is the cornerstone of Norwegian climate policy. Tax rates are not directly tied to carbon emissions, but they were based on coefficients of carbon content of various fuels.


�	 More work needs to be done on estimating the cost savings from emission trading systems. Stavins (2000) provides some evidence, using a crude methodology. A more sophisticated analysis of cost savings from sulphur allowance trading in the US under the CAA Amendments is being done by Newell et al. (2003) for the US Steel industry. They find average annual savings of $600,000-$800,000 per plant associated with a shift to SO2 emissions trading, or 11-14% as a share of overall air pollution control costs.





�	 It would have been nice if Popp would have provided statements from innovators that the CAA indeed led them to innovate in greater control efficiencies, but such statements are not offered  (a common neglect in econometric studies).


�	 The cases examined are the ban of ozone-depleting technologies, the regulation of chlorine production, the reduction of transport-based air pollution (competition between catalytic converter and lean-burn engine), the promotion of photovoltaic technologies, the case of Californian Zero Emission Vehicle Mandate, the promotion of cogeneration technologies, the ban of EDTA (ethylenediaminetetraacetc acid), the promotion of environmental efficient technologies (combined-cyclegas turbines and the smelting reduction technologies), the safety in the design of nuclear power plants and the competition between two different standards in video recording systems.


�	 Since the pulp and paper industry is a very polluting and environmentally regulated industry, it constitutes a widely examined sector. See Blazejczak et al. (1999); Hildén et al. (2002), del Rio Gonzalez (2005) and Kivimaa (2007).


�	 This category included new synthesis, use of new catalyst, use of new solvent, change in operational setting or in input materials.


�	 Their findings corresponds with Johnstone and Labonne (2007) but differs from Frondel et al (2004) who did not find a significant relation between organisational innovation and technological innovation.


�	 The database covers observations from approximately 4200 facilities with more that 50 employees in all manufacturing sectors in Japan, France, Germany, Norway, Hungary, Canada and the United States. The survey was directed to a sample of more than 17 000 manufacturing facilities in January 2003. The response rate was 24,7%. Respondents were generally chief executives officers (CEOs) and environmental managers. As for the collection of the data, a postal survey was developed, and the information requested were directed both to facility characteristics and factors internal to the firm and to the environmental performance and activities (management systems, green investments, R&D). 


�	 Siemens Medical Solutions, Toshiba Europe GmbH, Schott Glas AG, Continental, Ergo-Fit, Ensinger Mineral-Heilquellen.


�	 Data were collected using a telephone survey carried out in 2003. 588 manufacturing companies (out of a population of 2511) have participated in the survey.


�	 Integrated Product Policy refers to a set of guidance principles set by the EU in the “Green Paper on Integrated Product Policy” aimed at reducing environmental impacts of final goods in a cradle-to-the-grave perspective. 


�	Ashford (2005) has suggested that in order for firms to innovate they must be willing, have the motivation/opportunity, and the capabilty or capacity to innovate.


�	 In this respect the traditional distinction made is between demand pull (market), technology push and regulatory push/pull (Klemmer; 1999).


�	 As for the methodology employed by Frondel, Horbach and Rennings (2004), the authors develop a multinomial logit model based on data from a specific survey carried out on firms in OECD countries. Stringency of a policy instrument is there measured as a firm’s perceived level of stringency.


�	 Full references of the reviewed studies can be found in Vollebergh(2007).


�	 Albers et al. (2007) carried out an experimental analysis. Their study thus pertains to a completely different area of research.







