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Environmental Innovation and Regulation:  
Sifting Reality From Rhetoric

“[O]ur laws and regulations often end up hindering innovation by making it difficult for polluters to try out new technologies.  ...  These barriers to innovation take many forms.  For example, most environmental standards serve to ‘lock in’ the use of existing technologies.  Companies receive neither rewards for trying something new nor protection against failure. … Traditionally enforcement personnel have been reluctant to grant exceptions for businesses that make bona fide attempts to comply using an innovative approach but need extra time or fall short of the regulatory mark.  …  Often, the promulgation of a new environmental standard takes many years to develop.  Only at the end … do companies find out what will be required of them.  At that point they may be required to meet the new standards within a relatively short period of time.  …  EPA is striving to make our regulatory program more friendly towards innovative technologies.”

Carol M. Browner, Administrator, Environmental Protection Agency

“... We have heard from both users and developers that EPA’s policies can inhibit the introduction of new and innovative technologies into the marketplace. … A good example is that many of the most innovative ideas that might be applied in a particular facility have to work their way through a permitting process.  And many times, the permit writers themselves, or indeed the people who might buy these technologies, aren’t sure they work.” 

David Gardiner, Assistant Administrator for Policy, Planning & Evaluation, Environmental Protection Agency

I. Purpose of Study, and Principal Findings

The above comments by the leaders of the Environmental Protection Agency (EPA) reflect a prevailing conviction that the current regulatory regime erects barriers to technology and process innovations that could benefit the environment.  These barriers are thought not to be limited to a narrow subset of environmental regulations.  Rather, they are held to be embedded in both regulations and regulatory implementation of our nation’s major air, water and hazardous waste legislation.  The implication is that we need significant reform of our major environmental laws and regulations to prevent them from discouraging innovation.  It is striking, however, that complaints about how the current regulatory regime affects innovation are based largely on theory with little empirical basis.

The principal purpose of this study was to determine the extent to which the current regulatory system does, in fact, create barriers to environmental innovation.  Our research asked how environmental regulations actually affect manufacturing firms' decisions to innovate in their control or prevention of environmental releases.  In addition, we sought to better understand the full range of hurdles to innovation that manufacturers face, so that we might put in context the relative importance of regulatory-induced innovation barriers.

We focused on how firms experience regulatory hurdles to innovation, the nature and extent of perceived hurdles, and the relative importance of hurdles in preventing innovation.  In both structured interviews and with survey tools, we looked for instances where manufacturing firms had wanted to do something innovative but were prevented or hindered from doing so by the environmental regulatory regime.  We analyzed firms' experiences to provide direction to policymakers for how they might remove or lower the regulatory hurdles to innovation.  

In stark contrast to the impression of EPA administrators, and the literature more generally, we found no instances where firms perceived that the environmental regulatory process erected outright barriers to innovation.  No interviewed firm could identify a specific instance in which they sought to use an innovative approach for controlling or preventing pollution but were prevented from doing so by environmental regulations, how those regulations were implemented, or how they were enforced.  

The following questions and responses were typical:

[Q: Can you think of any areas in which regulation has gotten in the way of doing something that would have been environmentally nifty, or, [would have achieved] same level of compliance but less expensive?]  “I can't think of anything ...  If anything, it's becoming more flexible in terms of what you have to submit if you want to try a new technology or something like that.”
[Q:  There's a certain amount of talk out there, that regulations are counter-productive, and that they hinder environmental improvement, that you can't go beyond compliance, because the regulations get in the way. Do you have any examples, and if you don't have any here, of other people who have run into this kind of problem?]  “Well, I've just... I've been around a lot of different projects, waste min projects, [waste min] philosophies, but I've just, I can't think of anything where the regulations really have hindered anything.  I can't even think of something... I can't think of an example, no.”
[Q:  Do you see any ways in which the regulations are inhibiting you from being innovative at this facility?  Doing something new to reduce pollution, or - ?]

1:  “No.”

2:  “No.”

3:  “No, I don't think so.”

The body of the full report includes three main sections.  The first lays out the factors that motivate firms to innovate.  The second addresses the potential hurdles to innovation that firms might face.  And the last provides potential policy responses.  

MOTIVATIONS:  We sought to understand the range of factors that motivate firms to innovate.  Some innovation occurs in response to regulatory incentives.  Other innovation occurs in response to market incentives.  Exploring why firms innovated provided a basis for later discussion of how and why innovation gets discouraged.  It thus helped to clarify the policy choices available to encourage further innovative efforts.  

HURDLES:  We investigated a range of potential hurdles to innovation that firms might experience.  These hurdles arise from the environmental regulatory system and from internal firm characteristics.  We sought to place the effects of environmental regulations in context, by addressing more broadly why innovation sometimes fails to occur.

POLICY RESPONSE:  We provided potential policy responses to address the regulatory hurdles to innovation.  We focused first on instances in which the environmental regulatory regime does appear to hinder innovation, and discussed policy options for addressing them.  Then we addressed various barriers to innovation that the theoretical literature considers important, but which in practice appear not to importantly hinder firms’ innovation efforts.  Finally, we reviewed motivations to innovate that are generated or augmented by current environmental policies, underlining areas in which existing policies and practices might be strengthened.

We discuss the focus of study, the research methods used, and summarize our findings and policy recommendations in the pages that follow.  

II.
Focus Of Study

The object of our inquiry -- innovation, and the forces that inhibit it -- is fairly complex. We started by defining what we meant by “innovation,” generating a model for how innovation might be curtailed, and determining which firms and which regulations we would investigate.  The rest of this section outlines our approach, and concludes with a discussion of issues and areas that are not addressed.

Innovation Defined

Working definitions of “environmental innovation” abound.  This can cause confusion on what is included in -- or excluded from -- the discussion.  Innovative actions could include the development of a new process, the substitution of cleaner inputs, or the adaptation of an existing approach to the particular circumstances of the facility.  Interviews revealed that most manufacturing firms consider “innovation” to mean the adaptation of an existing approach to their facility, not the development of something entirely new.  Interviewed manufacturers explained that they could rarely take an approach off the shelf and easily apply it to their facilities.  Firms know that to get a new approach to work at their particular facility a great deal of testing and tweaking must be done.  Using firms' perceptions as a guide, we defined environmental innovation to be any change by a facility that reduces or prevents an environmental release at the same or lower cost to the facility; or any change that reduces a firm's costs but results in the same or lower level of environmental release.  Our definition accommodates firms’ actions that produce benefits that are difficult to quantify -- such as reducing liability for hazardous waste.  

A Model of Innovation

Innovation occurs only after a chain of events:  there must be incentives to innovate, the firm must recognize and respond to those incentives, the firm must then develop innovative ideas, and finally, must adopt the innovative approach.  Innovation can be hindered at any point in this process.  A hindrance earlier in the process will preclude subsequent actions.  Thus, if the firm does not have or feel incentives to innovate, none of the other steps will be relevant.  The regulatory system affects the innovation process at many points, and in many ways.  Regulatory hurdles could be erected by laws or rules, by how permit writers interpret those laws and rules, or by how compliance staff enforce them.  

Firms and Regulations of Interest

Manufacturing firms -- those firms with Standard Industrial Classification codes between 20 and 39 -- are by far the most numerous type of firm affected by this nation’s major environmental laws.  There are roughly 10,000 manufacturing firms in Wisconsin, of which over 5,000 report to the state’s environmental protection agency -- the Department of Natural Resources.  From the list of firms regulated by the department, we used a multi-stage process to select the firms to study.  

Since we wanted to understand the extent and manner in which regulations erect hurdles to innovative environmental approaches for manufacturing firms, we wanted to find firms that might have encountered obstacles in their efforts to develop or implement such approaches.  We reasoned that firms were more likely to encounter hurdles to innovative efforts if they were in the process of innovating.  We reasoned further that firms were more likely to engage in innovative efforts if they had incentives to do so.  Firms subject to new regulations are likely to have these incentives, since to comply with the regulations they may need to change or modify their production processes.  Firms subject to new regulations are more likely to try to innovate -- and thus more likely to run into regulatory trouble while attempting innovation -- than firms who have had no recent external incentive to innovate.  Finding firms subject to a relatively recent regulatory push seemed a reasonable way to turn up examples of firms that have faced hurdles in their efforts to develop or implement innovative approaches to controlling their releases.  For a great many firms, the 1990 Clean Air Act (CAA) Amendments has provided just such a regulatory push.  

For our research, we selected manufacturing firms to interview and survey that had processes for which innovative pollution prevention or control technologies had been or were being developed.  We chose “process” as the relevant criteria because innovative efforts are often directed towards improving specific processes.  This selection criterion contrasts with most regulatory studies that select firms by their Standard Industrial Classification (SIC) code.  For the most part, there is no neat way to relate SIC codes and manufacturing processes.  The particular processes were selected because they had also been subject to recent tightening of regulatory standards, as noted above.  Processes chosen as selection criteria were:  

Adhesive Application
Leather Tanning

Degreasing
Metal Pickling

Vapor Degreasing
Paint Application

Fiber Reinforced Plastics
Printing

More than 450 Wisconsin firms use one or more of these processes.

We studied how the environmental regulatory regime affects firms' decisions regarding pollution control or prevention.  Regulations affecting releases to all media -- air, water, and land -- were investigated.  

Issues and Areas Not Addressed by the Study

There are many ways in which the environmental regulatory system might be burdensome to firms, but yet have little effect on firm innovation.  For example, some firms believe certain regulatory standards are inappropriate, given the goal of protecting public health.  Others take issue with being regulated at all, viewing it as an invasion of their privacy and a curtailment of their rights.  We do not address such complaints in our study.  Our goal was to address the relatively narrow problem of environmental innovation. 

The study’s working definition of “innovation” excluded innovation directed towards reducing a products' in-use emissions.  We were interested in releases during the product manufacturing, not releases caused by the products' use.  Of course, environmental regulations do affect innovations in product design.  For example, regulations might cause a small-engine manufacturer to re-engineer its engines to reduce emissions from when consumers use the engine.  Regulations could also cause paint manufacturers to change paint constituents to reduce emissions when other manufacturers use their paint.  Such innovation was not the focus of our study.  However, in the latter example, we were interested in how regulations might prompt secondary manufacturers to use innovative paints in the manufacture of their products or to work with paint suppliers to develop these paints.  We examined how regulations affected innovation by manufacturers in the manufacturing process, not innovations in the products they manufactured. 

Importantly, the study specifically excluded from consideration how the environmental regulatory system affects innovative efforts of firms that specialize in treatment of hazardous waste.  Most manufacturers do not treat their own hazardous waste; rather, they ship it off-site to be treated by special treatment facilities.  Given the extreme liability issues associated with hazardous waste treatment and disposal, it seems likely that such facilities may face special issues that differ from those affecting the average manufacturing firm.  While some manufacturers do treat their own hazardous waste, and so share the special concerns of hazardous waste treatment facilities, these issues were not discussed in this report.

We also did not investigate how the environmental regulatory regime directly affects innovation by suppliers of pollution control technologies.  Environmental regulations may well affect whether these firms develop innovative, cleaner, or less costly approaches to controlling releases.  These supplier issues were addressed only to the extent that the regulatory regime affects manufacturing firms in their relationship with control technology providers.  For example, the study did include instances in which regulations influenced manufacturers' decisions to test or develop innovative approaches in concert with suppliers of control technology.

The study did not address how solid waste regulations, as distinct from hazardous waste regulations, affect environmental innovation.

III.
Methods 

We started by generalizing hypotheses derived from our own experience and a literature review.  This provided an understanding of the prevailing rhetoric about regulation and innovation, and of the common theories about how and why innovation gets thwarted.  As part of this hypothesis development, we interviewed academics and practitioners familiar with manufacturing firms and the ways in which regulations affect manufacturing.  

We interviewed technical assistance providers at the University of Wisconsin - Extension’s Solid and Hazardous Waste Education Center (SHWEC); members of environmental groups; environmental consultants; representatives of business associations; and state agency staff in Wisconsin, New Jersey and Massachusetts.  Interviewed agency staff included policymakers, permit writers, and compliance and enforcement personnel in all media.  We solicited perceptions of how the regulatory regime might hinder or prevent firms from developing or adopting innovative approaches to pollution prevention or control; where we might find such instances; and how best to discover these instances.  

After selecting our universe of firms -- the 450 Wisconsin firms that used one or more of the criteria processes -- we characterized each firm by size, relative position and movement on the state Toxic Release Inventory (TRI) list, awards won for environmental performance, and enforcement history.  We then used a two step process to search for barriers to innovation.  First we interviewed a cross-section of firms, chosen to represent all processes and multiple firm characteristics.  The interviews were our major source of information on how the regulatory process motivates firms to innovate and how it stands in their way.  Next we surveyed all Wisconsin firms that use one or more of the target processes, using a mail questionnaire, to test interview findings about (the lack of) specific barriers to innovation.  

Interviews

We conducted in-depth interviews with thirty-eight (38) manufacturing facilities.  Firms of each size, of each type of movement on the TRI list, of each type of enforcement history, and that both had and had not won environmental awards were interviewed.  We made no attempt to randomly sample from our list of 450 firms.  Our qualitative interviews cannot be interpreted in any statistical sense, and we made no attempt to generate statistical data from them.  Rather, we wanted to learn about the experiences of a wide variety of firms.  Interviews allowed us to probe further into the issues specifically relating to innovation and to explore the multiple points at which innovation might be hindered.  

Interviews lasted two to four hours.  Each interview was taped and transcribed.  Quotes are verbatim although not attributed to the individuals or firms to preserve confidentiality.  Interviews were guided by a list of questions.  Questions were tested both internally and in facility interviews, then reviewed and revised.  Since interviewed firms differed in many respects, questions were tailored to each facility.

We asked firms whether they had taken actions to reduce their environmental releases in the last five years.  Each such effort recounted was followed up with questions to elicit what had motivated action, how the decision to act had been made, and what had hindered their efforts.  If a firm had done nothing to reduce releases we attempted to determine the reasons for inaction.  

We also asked firms about their experiences with the state environmental regulatory agency, the Wisconsin Department of Natural Resources (DNR.)  We asked specifically whether efforts to innovate had been adversely affected by the regulatory regime.  When firms said they had not been so hindered they were prompted further.  We asked, for example, whether they had experienced difficulty innovating or had failed to innovate because of delays in permitting; a fear of triggering stricter standards; a sense that their permit writer preferred a certain approach for their environmental compliance; or a problem in having enough time for testing an innovative approach.  

Mail Survey

When in-depth interviews of environmental quality managers at the manufacturing facilities failed to produce any examples of regulatory barriers to innovation, we decided to confirm these findings.  We did this by developing and conducting a mail survey.  The survey was sent to 450 manufacturing facilities in Wisconsin having production processes of interest.  Seventy percent of the firms responded.  The survey instrument asked CEOs and environmental quality managers three questions.  The first question was designed to elicit problems with the environmental regulatory regime that are unrelated to innovation, as defined in our study.  The second question defined innovation and asked firms if the regulatory system kept them from innovating.  If firms thought they had been prevented from innovating, they answered the survey’s third question, which asked for the specific barriers encountered.  Firms were given a list of seven hypothesized barriers to innovation; they were also asked to explain their responses.  

The survey was meant to elicit concrete examples of where environmental regulations or their implementation had prevented innovation.  It did not uncover any examples of environmental regulations preventing facilities' innovative control of pollution.  While many firms reported having problems with the environmental regulatory regime, none were related to innovation as defined in this study.  

IV.
Findings and Policy Recommendations

We found a few instances where the environmental regulatory system can make it more difficult for firms to innovate than to use conventional approaches to pollution control.  We found a few other situations where the regulatory system fails to provide firms a strong incentive to innovate. 

We were interested in hurdles that might cause firms to choose conventional approaches in preference to innovative approaches to pollution control, or that might cause firms to forgo pollution reductions altogether.  Some regulatory requirements hinder firm action, but they do not hinder the use of innovative approaches any more than conventional approaches to pollution control, and thus do not concern us here.  We did confirm some hurdles that could dissuade firms from innovating.  Of note, surprisingly few of the identified hurdles stemmed from the regulatory system.  More typically, hurdles arose because of internal corporate characteristics, such as capital constraints or the firm’s corporate culture.  

We did find instances in which the environmental regulatory regime does appear to hinder innovation, either by making it more difficult to innovate or by failing to provide strong incentives for innovation.  We summarize these regulatory hurdles and our policy recommendations below.  We then note the various barriers to innovation that the theoretical literature considers important, but that appear in practice not to importantly hinder innovation.  Finally, we review motivations to innovate that are generated or augmented by current environmental policies and attempt to underline areas in which existing policies and practices might be strengthened.

Regulatory hurdles are of two types; they discourage innovation or fail to encourage innovation.  The regulatory hurdles that could discourage innovative approaches, and therefore merit immediate attention include the following:  


Permits that limit production or production inputs, in addition to pollution, can blunt firms’ incentives to consider creative ways to reduce emissions per unit of product.  EPA requires such production limits, in response to a court order; so short of challenging the court decision, state and federal agencies can not directly address this problem.  Nevertheless, agencies should make certain that firms understand that their production cap is based on their releases and that it may be recalculated if the firm demonstrates that it has reduced its releases.  Expedited permit review for such changes may lessen this hurdle to innovation.


Performance standards that apply to the content of the input material, rather than to environmental releases from production activities, can hinder innovation.  While it doesn’t appear that this application of performance standards has deterred much innovative activity, it remains possible.  Either such standards themselves should be revisited, or an expedited variance process should be developed for innovative approaches that run into conflict with these standards.  

The instances where the regulatory system fails to create or enhance incentives to innovate, and therefore should be remedied where possible, include the following:  


Existing sources and new sources are treated differently; existing sources are subject to less stringent requirements than are new sources.  This reduces the incentive existing sources feel to innovate to reduce releases.  Further, grandfathered equipment is subject to less stringent requirements and can retain its preferred status in perpetuity, regardless of its depreciable life.  This can curtail or slow the replacement of equipment with cleaner, innovative approaches.  To the extent possible, grandfathering in legislation and regulations should include sunset provisions.  In addition, new source performance standards could be written to apply to all equipment and firms after a number of years.  The point would be to encourage creative replacement or upgrade of older polluting equipment with cleaner approaches to production.


Permit limits sometimes do not affect firm behavior, but rather are so easy to meet that firms do not feel this incentive to innovate to reduce environmental releases.  There is a clear tradeoff between policy objectives that should be explicitly considered and balanced as regulations are developed and permit limits are calculated.  


Synthetic minor status, allowed under the Clean Air Act Amendments Title V program, fails to create a threshold of reduced regulatory burden for many firms.  This represents a lost opportunity to motivate innovative activity.  This situation should prove instructive to Congress and the EPA in future legislation and rulemaking.  

There are various barriers to innovation that the theoretical literature considers important, but that appear in practice not to importantly hinder innovation.  These theorized regulatory hurdles appear to have limited or no practical effect on innovation.  Findings include the following:


Regulations do not specify the technologies firms must use.  Rather, both in the regulations and in firms' experiences, requirements specify the level of environmental performance to be achieved.


Firms do not appear unable to distinguish agency requirements from agency suggestions.  No interviewed firm felt that their permit writer had a preferred approach to compliance.  


Fear of noncompliance penalties is not a factor in deterring innovation.  However, firms dislike being treated like “bad actors” if attempts to innovate run into difficulty, as happened to one interviewed firm.  Firms were largely unaware of available variances that would prevent compliance problems by allowing them more time to get their innovative approach up and running.  Agencies should consider ways of better publicizing the existence of variances for innovative endeavors.  Agencies should also consider addressing issues of enforcement style in training programs or review for enforcement staff.


Information is available for small firms.  It does not appear that small firms have significantly less access to information about innovative approaches than large firms.  However, environmental managers at smaller firms are more likely to have multiple responsibilities and so are less likely to have time to avail themselves of the information.  Unless small firms feel that the potential benefits of tracking emerging requirements and researching alternative approaches is worth the investment in time, providing more information and seminars is unlikely to have the desired result.  


Permitting delays occur, but do not appear to favor conventional over innovative approaches to pollution prevention and control.


Time is required to monitor, record, and report environmental data.  Some firms said that time spent on fulfilling reporting requirements might otherwise have been used for innovative efforts.  Nevertheless, innovative firms noted that they often used the environmental data generated to support their environmental decisionmaking.  Moreover, firms indicated that having to take time for required reporting acted as an important incentive to change processes and thereby avoid the reporting burdens of the regulatory system.  Therefore, the net effect of required reporting on innovation cannot be ascertained.

Even while the environmental regulatory system erects some hurdles to environmental innovation, it also provides important incentives for firms to innovate.  Policymakers concerned about innovation should use care when considering proposals that would dilute these regulatory incentives.  Firms must comply with environmental requirements.  Frequently, they pay attention to the actual and potential costs associated with releases and their control.  The following regulatory motivations, found to be especially effective at motivating innovative approaches to pollution control, should be enhanced or strengthened where possible.


Environmental requirements that limit firms' releases.  One example, product bans, motivates considerable innovative activity.  Stringent regulations that require firms to reduce or watch their releases also motivates innovative behavior.


Future standards anticipated to be more stringent.  Firms innovate to stay ahead of the regulations.  


Liability for process wastes.  The potential for uncertain liability prompts firms to innovate to eliminate their use of hazardous substances altogether.  


Reduction in regulatory burden when releases fall below a threshold.  Thresholds can motivate innovation if the regulatory burden is substantially lessened for firms that reduce their releases below the threshold, i.e., the firm is subject to less burdensome recordkeeping or reporting requirements or is no longer subject to a regulation.  


Public release of firms' pollutant information.  The Toxic Release Inventory status appears to provide a powerful motivation to innovate.

V.
Conclusions

Using firms' perceptions as a guide, we defined environmental innovation to be any change by a facility that reduces or prevents an environmental release at the same or lower cost to the facility; or any change that reduces a firm's costs but results in the same or lower level of environmental release.  Our definition accommodated firms’ actions that produce benefits that are difficult to quantify -- such as reducing liability for hazardous waste.  

The majority of manufacturing firms affected by environmental regulations face minimal regulatory hurdles to environmental innovation.  Suggestions for the remedy of identified hurdles can be found in the pages above.  In general, the environmental regulatory regime does not discourage innovation, but rather, very importantly encourages environmental innovation.  Policymakers concerned about innovation should use care when considering proposals that would dilute these regulatory incentives.  
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