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Abstract

Regulation is often seen as a barrier to innovation. However, if done properly, it can

actually serve as a driver of innovation. To understand how environmental regulation

can be designed to stimulate innovation, we scrutinise the scientific literature related

to regulation, innovation and the environment. Fifty one carefully selected studies

are examined with regard to their scope, results and geographical affiliation, and their

findings were distilled into ten lessons on how to design environmental regulation to

stimulate innovation. Subsequently, we discuss the validity and implications of the

lessons. We find that the lessons are overarching concepts of principal nature that

are applicable for most regulatory settings. We also find that recent EU regulations

on plastics, nanomaterials and waste support many of the lessons learned, while

some are completely neglected. The lessons offer important guidance and can be

seen as a checklist of what regulators must consider when designing new regulation.

K E YWORD S

environmental regulation, innovation, nano-specific REACH revisions, porter hypothesis, single-
use plastic directive, waste framework directive

1 | INTRODUCTION

Regulation is often seen as a barrier to innovation and creative

solutions, and new regulatory initiatives are frequently met with

apprehension or even animosity by industries (AISE and

CEFIC, 2015; SCI, 2020), who fear for their business practices and

the economic and administrative burden imposed on them by the

new regulation.

In the past few years, the EU has recognised that measures are

needed to secure innovation within its regulatory framework

(EC, 2021a; European Council, 2016). This requirement became bla-

tant following the support of the ‘innovation principle’ (IP), which, in

short, aims to: improve existing and future EU regulations by asses-

sing their impact on beneficial innovation, steer the development of

innovative solutions to embed EU values and protect Europeans and

secure adaptability for scientific and technological progress as well as

the predictability of the regulatory environment (EC, 2019a).

According to Garnett et al., the IP was proposed to the European

Union (EU) in 2013. It was originally set up as a lobbying tool by

industry, but it has since enjoyed increased popularity and is now

recognised in the EU (European Council, 2016; Garnett et al., 2018).

However, the IP is not implemented in either primary or secondary

EU legislation, and it has been criticised as a compromise to the well-

established precautionary principle (PP; Garnett et al., 2018)—and as a

Trojan horse (Leroux, 2018). Nevertheless, the IP is still increasing in

popularity with the European Council and the Commission

(EC, 2019a). Recently, the European Commission (EC) initiated an

independent expert evaluation of the IP and its current implementa-

tion in the EU (Renda & Simonelli, 2019). This expert evaluation was

published in a report dated November 2019 and concluded, among
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others, that the IP lacks: a clear legal basis, clarity between the PP and

the IP, an acknowledged definition, sufficient awareness from EU officials

and other stakeholders and enough capabilities in research and innova-

tion (R&I) for better regulation initiatives (Renda & Simonelli, 2019). Nev-

ertheless, the report does merit the IP holds as a successful tool for

securing the quality and future-proof nature of EU policy.

Scientific literature published within the field of regulation and

innovation is vast. A search on ‘Regulation’ and ‘Innovation’ yields

more than 8000 hits on Web of Science (WoS) and more than 2.3 mil-

lion hits on Google Scholar; many suggestions on how to improve reg-

ulation to stimulate innovation have been published over the years.

The scope of the present paper is to collect data on how environmen-

tal regulation can be successfully compiled and implemented to drive

green innovation. This is achieved by scrutinising the scientific litera-

ture and then assembling a set of lessons learned to support future

regulators when designing environmental principles. Further, the

implications of the lessons learned for future regulations are discussed

with a glance at how the lessons learned are supported by three

recent EU environmental regulations.

1.1 | The Porter hypothesis and the triple helix of
regulatory driven innovation

The early and mid-1980s saw an increased awareness of how regulation

affects industrial innovation (Ashford & Heaton, 1983; Stewart, 1981).

Ashford et al. published a key paper describing responses in innovation

to regulation, setting the scene for how regulation can be utilised to drive

the market for innovation (Ashford et al., 1985). Building upon the work

of Ashford et al. and others, Porter formulated the conceptual paradigm

that environmental regulation is not just another economic and adminis-

trative obstacle for the industry to overcome but is rather a measure to

support and steer innovation, if constructed properly (Porter, 1991). In

his paper, Porter refers to how countries with strict environmental regu-

lation often lead the market, claiming that ‘tough standards trigger inno-

vation and upgrading’ (Porter, 1991). Within environmental management

and regulation, this paradigm has become known as the ‘Porter hypothe-
sis’ (Ambec et al., 2013; Kriechel & Ziesemer, 2009; Wagner, 2003),

which has both a weak and a strong version. The weak version postu-

lates a positive correlation between environmental regulation and inno-

vation, while the strong version establishes a positive causal relationship

between environmental regulation, innovation and a firm's productivity

(Dechezleprêtre et al., 2019).

The Porter hypothesis has been at the epicentre of a long and

heavy debate on regulatory eligibility as a driver of market innovation

and competitiveness (Ambec et al., 2013; Kriechel & Ziesemer, 2009;

Palmer et al., 1995; Wagner, 2003; Xepapadeas & de Zeeuw, 1999),

and to date, it has been vehement challenged—especially by economists

and business managers. One example of this criticism is the publication

of Palmer et al., who claim that the hypothesis completely denies the

validity of established environmental decision-support tools, leading to

a fundamental misrepresentation of the problems surrounding environ-

mental regulation (Palmer et al., 1995). Several studies have scrutinised

the theoretical foundations of and empirical evidence for and against

the Porter hypothesis (Ambec et al., 2013; Petroni et al., 2019; Xepapa-

deas & de Zeeuw, 1999; Xu, 2016), and although the findings are not

unequivocal, most studies tend to favour the hypothesis—or at least its

weak version. Thus, it remains controversial, but many of the thoughts

behind it still stand tall, and it seems broadly accepted that environmen-

tal regulation can—and should—be designed to stimulate creativity and

innovation while protecting human health and the environment. To

illustrate this, the conceptual model of the innovation triple helix was

developed in the late 1990 s and early 2000 s (Leydesdorff &

Etzkowitz, 1998). Figure 1 depicts the conceptual model of the triple

helix with the basic elements; industry, regulating authorities and acade-

mia/researchers, and the processes of regulatory driven innovation. The

question left to answer is, how are such environmental regulations best

designed to facilitate innovation?

2 | METHOD

2.1 | Literature review

For the systematic review in this study, WoS was utilised to analyse the

scientific literature for peer-reviewed reviews published before August

2021 in recognised ISI journals within the field of regulation and inno-

vation. The key search terms used were: Innovation, Regulation and

Environment* in combination. In total, the searches yielded 223 reviews.

However, 46 of these evolved around the regulation of biological pro-

cesses and were thus disregarded. After careful inspection of the

abstracts of the remaining 177 reviews, 32 were deemed relevant for

innovation related to regulation and the purpose of this study. Through

the reviews identified, relevant studies were backtracked. A brief histor-

ical biography of the 177 reviews was conducted to illustrate the

increasing attention on regulation and innovation in the scientific litera-

ture, including an analysis of the geographical affiliation of the first

authors (Africa, Asia, Europe, Middle East, North America, Oceania or

South America), thereby helping to understand where the research is

anchored. Also, a few studies evolving around regulatory measures

were included in the review, together with EU regulatory documents,

including reports and communications. Based on the reviews, studies

identified through them and the hand-picked studies, this review

encompasses a total of 51 carefully selected studies based on their rele-

vance in terms of innovation related to regulation. A list of the studies

included herein is provided in Appendix S1A. From the literature, infor-

mation on how environmental regulation might be structured, assem-

bled and implemented, in order to stimulate innovation, was compiled

into 10 lessons learned.

3 | RESULTS AND DISCUSSION

To provide an overview of the historic development of the scientific

papers published within the fields of innovation, regulation and envi-

ronment* (the three key search terms), data on the numbers of review

publications per year were extracted from WoS, as shown in

Figure 2a. From the figure, it is evident that approximately 50% of all

2 CLAUSEN ET AL.
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reviews published in the field have been released over the past

5 years, with approximately 35% of the papers published in the past

2–3 years, that is, from 2019 to August 2021. It is noteworthy that a

substantial amount of the literature (48 papers, or more than 25%) is

relatively old, in that it was published in 2010 or before. Despite their

age, however, many of the observations and conclusions might still be

valid, and thus they are still included in our review.

From the analysis of the geographical affiliation of the first

authors, as illustrated in Figure 2b, it is obvious that the majority of

the research within the field has taken place in Europe and North

America, constituting 69% (124 studies) of the studies identified. A

quite substantial contribution is also provided by Asia (17%; 30 stud-

ies), whilst much less represented are Oceania (6%; 10 studies), South

America (4%; 7 studies), Africa (2%; 4 studies) and the Middle East

(2%; 4 studies).

3.1 | Lessons learned in terms of how
environmental regulation can stimulate innovation

From the literature scrutinised, 10 lessons learned in terms of how

environmental regulation can and should stimulate innovation was

extracted. The lessons learned, the rationale and corresponding argu-

ments behind the inclusion of the lessons, as well as the references

for the supporting literature are provided in Table 1.

4 | DISCUSSION

4.1 | Lessons learned about the tripple helix of
regulatory driven innovation

The concept of regulatory driven innovation is not a new invention. In

fact, it has been around for decades—if not centuries without being

termed as such. The triple helix of regulatory driven innovation,

Figure 1, depicts how industry, regulators and researchers must come

together to find solutions on how regulation can be designed to stim-

ulate innovation. The ‘pure’ form of command-and-control regulation

taking place between industry and regulators has little or nothing to

do with facilitating innovation. This type of regulation only provides,

what is often perceived as constricting, frameworks within which

innovation has to take place. This is the reasoning behind much of

criticism of command-and-control environmental regulation, for

example, Palmer et al. (1995). On the other hand, there is a risk that

F IGURE 1 The innovation triple helix
depicting the processes of regulatory driven
innovation. Modified from Zhou and Etzkowitz
(2021) [Color figure can be viewed at
wileyonlinelibrary.com]

F IGURE 2 (a) Historical bibliography overview of the 177 published scientific review papers matching the search terms ‘innovation’,
‘regulation’ and ‘environmental*’ in WoS. (b) Geographical affiliation of the first authors of the identified papers. The numbers provided are
numbers of studies from the respective geographical area followed by the percentage of the total studies identified. Note that the sum of papers
is greater than 177, as some first authors were affiliated with more than one geographical area
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innovation taking place in the intersection between industry and

academia/research can get ‘out of hand’. Consequently, it is generally
recognised that regulation should put in place restrictions or guidance of

research to avoid, for example, the violation of ethical issues. Contrary

the ‘free’ innovative research at the industry-academia/research

intersection, policy driven research risk being locked to specific means,

methodologies or paradigms and might not be considered truly free and

innovative and might not be relevant for the industry either. Thus, it is

not sufficient for regulators, industry and researchers to work two-and-

two but rather, all three have to work together to promote the regula-

tory driven innovation. The 10 lessons learned established in this study

aims at facilitating this collaboration, which must be much more than

simple collaboration. It should be a partnership with the common goal of

making innovation thrive within the regulatory settings.

4.2 | Validity of the lessons learned

The lessons learned extracted from the literature are overarching con-

cepts of principal nature that are applicable for most regulatory settings

and that we believe should be relevant for all who wishes to accelerate

green environmental innovation by the use of regulation. The lessons

compiled are based on literature and experiences from around the globe.

Though, it is noteworthy that a substantial amount of the data gathered

in this study, originates from Europe and the United States of America,

potentially favouring those regulatory settings. We do believe that the

lessons learned provides a universal frame for what to consider when

designing regulation with respect to fostering innovation.

The 10 lessons learned in themselves fail to provide guidance on

how to implement them. For instance, lesson number three states that

regulations should promote innovation by being clear and concise. How-

ever, it is not within the scope of this study to gather empirical evidence

on how to establish clear and concise regulation that minimise ambiguity

and misunderstandings. This would be an entire field of research of its

own, for each of the lessons established, and how to do so might be very

dependant of the specific pieces of legislation (e.g., environmental field

such as waste, chemical or other type of regulation), type of legislation

(e.g., command and control, directive or other) and cultural setting, and

must be carefully designed and tailored for each case.

The next step in the process of validation of the lessons learned

will be to gather empirical data on how regulation affects innovation.

Some studies for example, de Vries and Verhagen (2016) have col-

lected data for specific sectors, which might or might not be represen-

tative for other cases. Indeed, more research is needed in order to

confirm the validity of the lessons learned and to gather the empirical

data required to support it.

4.3 | Implications of the lessons learned on future
regulation

A valid question to raise is to what extend the lessons learned estab-

lished in this study, are supported by current legislation. A briefT
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scrutiny of three recent EU regulations, namely the nano-specific Reg-

istration, Evaluation, Authorisation and Restriction of Chemicals

(REACH) annex revisions, the Single-Use-Plastic (SUP) Directive and

the Waste Framework Directive (WFD), indicates that the

regulations—to a large extent—do support the lessons learned as the

EU system has integrated several measures to address and account

for many of them (see Appendix S1B). An example is the impact

assessment, which specifically mentions impacts on innovation and

economic consequences. This could indicate that the implications of

adopting the lessons learned might not be so voluminous. However,

there are lessons learned that are clearly not implemented yet or only

supported to a very limited degree. For instance, lesson 5 that is, calls

for providing economic incentives and other benefits for (doing more

than) complying, however such incentives are lacking in for example,

nano-specific REACH annex revisions, the SUP Directive and the

WFD. Adhering to lesson 5, would require regulators to substantially

rethink the regulatory means and instruments to avoid the risk of stal-

ling innovation—or even ceasing innovation—as soon as the regulatory

requirements are met. Similarly, lesson 2 calls for transition period of

no longer than 3 year, allowing industry to prepare for upcoming obli-

gations and invent innovative solutions. Longer transition periods

tend to make firms hesitant (Hansen & Tickner, 2007). In the EU, the

implications of following lesson 2 would in many cases mean that the

transition period would be shorter than it currently is. For instance,

the period for out phasing the use of intentionally added microplastics

is between 4 years for rinse-off cosmetic products and 12 years for

cosmetic lip, nail and certain make-up products (EC, 2022). Shorter

transitions periods would force industry to avoid procrastinate while

still providing sufficient time to prepare for the upcoming obligations,

invent innovative solutions and reward early movers for their efforts.

The three regulations scrutinised in Appendix S1B are all examples

of recent European regulations. However, they do illustrate how some

lessons learned already are accounted for in current regulation and some

not. This of course varies from regulation to regulation and from country

to country. Despite this, we believe that they depict well how regulators

have to change mind-set to accommodate all of the lessons learned.

Lastly, the 10 lessons learned on how environmental regulation

can foster innovation offers important guidance and can be seen as a

checklist of what regulators have to consider when designing new

environmental regulation.

5 | CONCLUSIONS

A great deal has been said in the scientific literature about environ-

mental regulation and its impacts on innovation. Of the 177 reviews

identified, approximately half were published within the past 5 years,

thus demonstrating the recent focus on the area. More than two-

thirds of the publications originate from North America or Europe,

while Asia accounts for almost one-third of the publications, thus indi-

cating a broad worldwide interest.

Often, available conceptions and interpretations of the data are

contradictory. Nevertheless, there are also many issues where, to a

certain extent, there seems to be some form of consensus. This paper

scrutinised 51 scientific peer-reviewed papers in the field of environ-

mental regulation and innovation and deduced 10 lessons learned on

how to design future environmental regulation to stimulate innova-

tion, namely (1) Environmental regulation should set the frame for

innovation; (2) A transition period is vital for industry to adapt and

find innovative solutions; (3) Clear and concise regulations should be

provided; (4) Flexible regulation and compliance deadlines should be

made available; (5) Economic incentives and other benefits for (doing

more than) complying should be in place; (6) A regulatory process

should ensure all voices are heard; (7) The effects on innovation

should be evaluated; (8) Secure support and capacity-building should

be provided; (9) Multiple regulatory measures are needed and

(10) The costs of compliance, that is, proportionality principle, need to

be considered. The 10 lessons learned on how regulation can support

innovation are overarching concepts of principal nature that are appli-

cable for most regulatory settings. As most of the literature on the

topic originates from Europe and the United States of America, they

might have a bias towards those regulatory settings. A brief analysis

of three European regulations (nano-specific REACH annex; SUP

Directive and the WFD) indicates that many of the lessons learned

are already accounted for under the European regulatory settings.

However, some of them are not, requiring a substantial effort to

change the regulatory mind-set to truly allow the regulation to spark

innovation. More research is needed in order to confirm the validity

of the lessons learned and to gather the empirical data required to

support it. Despite, the lessons learned offers important guidance and

can be seen as a checklist of what regulators have to consider when

designing new regulation.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge MISTRA Environmental Nanosaf-

ety Phase II and Velux MarinePlastic for financial support.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

ORCID

Lauge Peter Westergaard Clausen https://orcid.org/0000-0001-

9710-2588

REFERENCES

Acar, O. A., Tarakci, M., & van Knippenberg, D. (2019). Creativity and inno-

vation under constraints: A cross-disciplinary integrative review. Jour-

nal of Management, 45(1), 96–121. https://doi.org/10.1177/

0149206318805832

Ambec, S., Cohen, M. A., Elgie, S., & Lanoie, P. (2013). The Porter hypothe-

sis at 20: Can environmental regulation enhance innovation and com-

petitiveness? Review of Environmental Economics and Policy, 7(1), 2–22.
https://doi.org/10.1093/reep/res016

Ashford, N. A. (1999). An innovation-based strategy for a sustainable envi-

ronment. In J. Hemmelskamp, K. Rennings, F. Leone, (Eds.), Innovation-

oriented environmental regulation (pp. 67–107). Physica.
Ashford, N. A., Ayers, C., & Stone, R. F. (1985). Using regulation to change

the market for innovation. Harvard Environmental Law Review, 9, 419.

8 CLAUSEN ET AL.

 17569338, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/eet.2035 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [22/11/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0001-9710-2588
https://orcid.org/0000-0001-9710-2588
https://orcid.org/0000-0001-9710-2588
https://doi.org/10.1177/0149206318805832
https://doi.org/10.1177/0149206318805832
https://doi.org/10.1093/reep/res016


Ashford, N. A., & Hall, R. P. (2011). The importance of regulation-induced

innovation for sustainable development. Sustainability-Basel, 3, 270–
290. https://doi.org/10.3390/su3010270

Ashford, N. A., & Heaton, G. R. (1983). Regulation and technological inno-

vation in the chemical industry. Law and Contemporary Problems, 46(3),

109–157. https://doi.org/10.2307/1191559
Banks, G. (2004). The good, the bad and the ugly: Economic perspectives

on regulation in Australia. Economic Papers, 23(1), 22–38. https://doi.
org/10.1111/j.1759-3441.2004.tb00350.x

Beierle, T. C. (2002). The quality of stakeholder-based decisions. Risk

Analysis, 22(4), 739–749. https://doi.org/10.1111/0272-4332.

00065

Borsatto, J. M. L. S., & Bazani, C. L. (2020). Green innovation

and environmental regulations: A systematic review of interna-

tional academic works. Environmental Science and Pollution

Research, 1-18, 63751–63768. https://doi.org/10.1007/s11356-
020-11379-7

Bowen, F., & Panagiotopoulos, P. (2020). Regulatory roles and functions in

information-based regulation: A systematic review. International

Review of Administrative Sciences, 86(2), 203–221. https://doi.org/10.
1177/0020852318778775

Brown, M. A., Zhou, S., & Ahmadi, M. (2018). Smart grid governance: An

international review of evolving policy issues and innovations. Wiley

Interdisciplinary Reviews: Energy and Environment, 7(5), e290. https://

doi.org/10.1002/wene.290

de Medeiros, J. F., Ribeiro, J. L. D., & Cortimiglia, M. N. (2014). Success fac-

tors for environmentally sustainable product innovation: A systematic

literature review. Journal of Cleaner Production, 65, 76–86. https://doi.
org/10.1016/j.jclepro.2013.08.035

de Miranda Ribeiro, F., & Kruglianskas, I. (2015). Principles of environmen-

tal regulatory quality: A synthesis from literature review. Journal of

Cleaner Production, 96, 58–76. https://doi.org/10.1016/j.jclepro.2014.
03.047

de Vries, H. J., & Verhagen, W. P. (2016). Impact of changes in regulatory

performance standards on innovation: A case of energy performance

standards for newly-built houses. Technovation, 48, 56–68. https://
doi.org/10.1016/j.technovation.2016.01.008
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