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Abstract
The role of intellectual property (IP) in climate change is undervalued, since the amount of
(empirical) research on this topic is limited. However, IP might be an important factor in fighting
climate change since the role of IP is to stimulate innovation and the diffusion thereof. This study
tries to contribute to climate change discussion by exploring the role between IP and innovation of
green technologies (sustainable innovations) using a fixed-effects analysis, thereby being one of the
first studies to explore this relationship econometrically.
IP has a dual role, namely as an incentive for innovation and as an enabling (or disabling) factor for
technology diffusion, and this duality is explored in this study. The results show that IP is currently
not designed to act as an incentive for the development of sustainable innovation, which means that
IP does not significantly lead to more innovation. Moreover, IP is also currently not designed to
promote the diffusion of sustainable innovation, since there is no significant positive relationship
between IP and the diffusion of sustainable innovation. This is a situation which needs to be
addressed, because IP is a factor that cannot be neglected in fighting climate change.
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1.

Introduction

Climate change is possibly the biggest global challenge of this time. Almost everyone in the world is
currently affected by climate change, for example by forest fires, warm winters and melting ice caps.
The solution of climate change lies partly in reducing (CO2) emissions in order to bring global warming
down. To reduce emissions, technologies must be invented and research to potential substitutes for fuels
has to be done.
As can be seen in Figure 1, there has already been an ongoing growth in the inventions of green
technologies, indicated by an increased application of green patents (WIPO, 2020). These are patents in
which the protected technology somehow contributes to climate change mitigation, either via a more
effective use of fuels, or by coming up with technologies that find new ways to generate electricity.
Figure 1: growth in green patents

In order to really ensure that climate change mitigation technologies are valuable for the entire world, it
is important that these technologies are shared with and shipped to other countries. Figure 2 shows that
the amount of patent families in innovations focused on climate change mitigation has grown
substantially (IRENA, 2013a). Patent families are important to consider, since these indicate in how
many countries a patent has been filed for the same technology. So, if the number of patent families
increases, this can be an indicator that green technologies are spread over the world. This is confirmed
by Figure 2.
Figure 2: Cumulative patent families in desalination and renewable energy

It is important to consider what drives the innovation of these technologies, because if it is known what
drives innovation, policies can be designed that incentivize innovation, and with that, climate change
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can be tackled. There are a few drivers of innovation, namely internal and external drivers. Internal
drivers focus on the internal environment of a firm, so whether a firm’s goal is to invent certain
technologies, what the values of the management team are and what the financial position of the firm is.
External drivers are factors that influence innovation from outside the company, such as public policy
and market (f)actors. However, an important, but highly undervalued, role in the research to and
adaptation of ‘clean’ technologies, is intellectual property. This undervalued role is represented by the
low amount of empirical research that has been done in this field.
Intellectual property (IP) is a “creation of the mind, such as inventions, literary and artistic works,
designs, and symbols, names and images used in commerce” (WIPO, 2015), for example a poem, the
design of mobile phones, technology for solar energy and the Samsung brand. There are two different
kinds of intellectual property rights. The first are industrial property rights, which includes patents,
trademarks, designs and geographical indications. The second are copyrights. This includes literary
works, movies, architectural design and other rights related to copyright. These kinds of intellectual
property are mainly protected by law. Moreover, intellectual property rights (IPRs) serve multiple
purposes (Greenhalgh & Rogers, 2010). The first one is that IPRs incentivize innovation, since inventors
get rewarded for their inventions. The second one is that IPRs protect inventions by providing inventors
the exclusive right to their inventions.
In this master’s thesis, I want to look deeper into the relationship between IP and sustainability, which
will be defined as “the quality of causing little or no damage to the environment and therefore able to
continue for a long time” (McIntosh, 2020). I want to find out to what extent IP contributes to the
worldwide aim to reduce global warming and stop climate change. The goal is to explore whether IP
incentivizes research to and adaptation of clean technologies, which are called sustainable innovations:
the application of new ideas to products, processes or other aspects of activities of a firm that are able
to cause little or no damage to the environment. Another often-used concept is environmentally sound
technologies (ESTs), which are technologies that are potentially environmental-improving relative to
other technologies (Lybecker & Lohse, 2015).
An example of a sustainable innovation that is patented is the Variable Wind Turbine, also known as
the ‘039 patent’ (Richardson & Erdman, 1992). The patented technology is variable speed technology,
which enables a turbine to convert wind of varying speeds into energy (Lane, 2013). The wind industry
is considered to be one of the most important industries in fighting climate change and this invention
was one of the first that made wind energy possible. Because this invention addressed environmental
issues, it can be qualified as a ‘sustainable innovation.’
The role of IP in sustainable innovation will be discussed from two perspectives. The first one is on the
question whether IP incentivizes sustainable innovation. Although evidence is mixed on the assumption
that IP stimulates innovation, the general conclusion is that it does. This study is going to test whether
the stimulating role of IP is also apparent for sustainable innovations. One thing to keep in mind is that
sustainable innovation is a different concept than innovation in general: it is much more specific and it
is necessarily focused on mitigation of climate change. Moreover, there are no specific IP-regulations
on sustainable innovations. Therefore, it is not sure that IP serves the same purpose for sustainable
innovation as for ‘general’ innovation. For example, IP systems do not really have special requirements
for sustainable innovations, fore faster application procedures or lower application fees. So, there could
be a different role for IP in sustainable innovation.
The second perspective is on the diffusion of technology. How technology spreads, to what places and
what specific technologies are diffused, can be dependent on the IP system of a country. The literature
shows that IP is of influence in this process. For example, if the IP system of country X is really
protective for foreign technologies, it is more likely that foreign inventors will spread their technology
to this country. The main question is whether IP is an enabling or disabling factor in the diffusion of
sustainable technologies. Again, sustainable innovation is different than general innovation. Thus,
although IP can have a certain role in the diffusion of normal innovations, this role may be different for
sustainable innovations.
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In order to combine the two perspectives into one, the research question for this thesis will be formulated
as follows:
What is the role of the IP system in sustainable innovation?
The goal of the research is to find out specifically how the IP system relates to sustainable innovation
with regard to the two perspectives described above. It is important to explore this, since the role of IP
in the literature is relatively undervalued and there has not been much empirical evidence on the
relationship between IP and sustainable innovation. As climate change mitigation is a very important
topic in today’s academic world, the concept and understanding of the relationship must be broadened
and deepened.
Moreover, gaining insights in the role of IP is really important for the future of the planet: if IP truly
plays a significant role in climate change mitigation, that role should be recognized worldwide by
making more use of IP in the fight against climate change .All over the world, the IP systems are
somewhat different and by finding out what sort of IP system is promoting sustainability and the
diffusion of sustainable innovation, every country can adopt its IP system in order to make it suitable
for fighting climate change. On the other hand, if the IP system is not contributing to sustainability, then
the question is: Why is that the case? How can we adjust the system to serve the environmental needs?
In order to answer the research question, a fixed effects-analysis is done using data on the development
and diffusion of sustainable innovations.
This study is being set up as follows. First, the literature on the role of IP in (sustainable) innovation
will be discussed (chapter 2). The assessment of the literature will lead to the formulation of a few
hypotheses on the relationship between IP and sustainable innovation. In chapter 3, the methodology
and the datasets that are used in this study will be described. Chapter 4 presents the results of the
econometric analysis. The results and their implications will be more deeply discussed in chapter 5, in
which also the limitations will be discussed and suggestions for further research will be given.
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2.

Literature review

The goal of this thesis is to find out if IP incentivizes sustainable innovation and what the role of IP is
in the diffusion of sustainable innovation. To explore this relationship, the first topic will be the question
on the stimulating role of IP: does IP incentivize innovation and how does this work? If IP is not
stimulating innovation at all, it is very unlikely that it will stimulate green innovation. Section 2.1 will
explore the relationship between IP and innovation in general, in order to lay down a basis for the rest
of the thesis. It will discuss if and how IP incentivizes sustainable innovation. The focus of section 2.2
will be on the application of this knowledge on sustainable innovation. The main issue is whether IP
stimulates green innovation and in what ways. After, the different role of IP will be discussed, namely
the role of IP in the diffusion of technology. A general framework of IP and the diffusion of technologies
will be discussed, followed by a discussion of IP and the diffusion of green innovations.

2.1

Intellectual property as an incentive

One of the main goals of IPRs is to incentivize new innovations (Greenhalgh & Rogers, 2010). How
and why is that the case? Inventors get rewarded an exclusive right to their innovation; without this,
others could easily imitate the innovation, which would ensure that the inventor would get no or very
little profit. This is because knowledge can be considered to be a public good. An innovation has two
characteristics that makes it a public good: it is non-rivalrous and it is non-excludable (Stiglitz, 1999).
Non-rivalrous means that the knowledge can be used by anyone without being used up, or in more
economic terms, the marginal costs from an additional use are zero. Non-excludable means that no one
can be excluded from the use of that knowledge. Since knowledge does have these characteristics, it can
be defined as a public good and this has strong implications for the production and diffusion of
innovations: inventors are not able to earn back their investments or make any profits, since everyone
can use the knowledge and this hinders innovation (Breitwieser & Foster-McGregor, 2012). The solution
for this problem is the provision of IPRs, since they provide the inventors with a monopoly right to their
inventions. This allows them to earn back their inventions and make profits. This way, IP should
stimulate innovation.
The question that follows is whether IP succeeds in this role. This question has been a topic of discussion
and research and the results are mixed. Generally, this question is being approached in three different
ways. The first one is by using theoretical analysis, the second one is by using empirical analysis and
the third one is by using a case study (Hall & Helmers, 2010).
Theory
Theoretical models yield different results on the question on the relationship between IPRs and
innovation. Pollock (2008) designed a theoretical model in which he compares the amount of innovation
in a situation with and without intellectual property rights. The conclusion is that in the absence of
intellectual property rights, there will be less innovation, but still a significant amount of innovation
takes place. The main reason is imitation costs and first mover advantage for the initial imitator. When
imitation is costly, the initial innovator will still be able to earn back his investments even though he
does not enjoy a pure monopoly. Moreover, the effect of IPRs differs from industry to industry, which
leads to the conclusion that some industries need IPRs to stimulate innovation and others do not
(Pollock, 2008).
Contrary to this research, a different theoretical model showed that patents can encourage
experimentation, when appropriately designed (Acemoglu, Bimpikis, & Ozdaglar, 2011). The authors
show that patents are an attractive instrument in comparison with other instruments, such as subsidies,
in order to achieve more experimentation, research or innovation, because patents improve the allocation
of resources and make free-riding costly.
A more nuanced view is given by Gangopadhyay and Mondal (2012). They modelled the relationship
between IPRs and innovation and find that stronger IPRs do not always lead to increased innovation.
The reason behind this finding is that on the one hand, IPRs simulate innovations by increasing the
expected benefits from an innovation, however, they also make future innovations more difficult as
6

knowledge spillovers are more difficult. They promote the existence of IPRs, but they also promote that
IPRs should not be too strict, in order to make future innovation possible.
Empirics
Empirical studies on panel data showed mixed results. Mansfield (1986) looked at the amount of
inventions that would have been developed in the absence of a patent system. Using data from 100 firms
in different industries, he found that the effect of a patent system on the number of innovations is very
small in most industries. Only in the pharmaceutical and chemical sector, the effect of the patent system
was very substantial. In other sectors, firms hardly regarded patent protection as a necessary condition
for innovation. The absence of IPRs would thus only have minor effects on innovative activities. A
pooled empirical study was also done by Lerner (2002), who examined patent reforms in 51 countries
over a period of almost 150 years. He found that the number of patent application before and after the
strengthening of patent laws did not significantly change; the strengthening of patent protection only
had a small positive effect on local patent applications. Using data on 12 developing countries,
Branstetter, Fisman, and Foley (2006) found no significant increase in patent applications after
strengthening of patent rights in developing countries in the period from 1982 to 1999.
There are also more positive results on the role of IP on sustainable innovation. Kanwar and Evenson
(2003) showed unambiguously that IP protection, measured by an index of patent rights, strongly
influences technological change, measured by R&D investments, in a positive way. It is also shown
theoretically and empirically, for developing countries, that increased IPR protection led to more
domestic innovation by Chen and Puttitanun (2005). In their theoretical model they argued that stronger
IPR protection can lead to lower competition and higher prices in the export sector, however, it can also
encourage local innovation in developing countries. They supported this view with a panel analysis
using data of 64 developing countries. A related panel-study showed similar results: IPRs positively
affect the innovation rate, but this effect is more significant in developed countries (Schneider, 2005).
Allred and Park (2007) found that for developing countries, patent strength is negatively correlated with
domestic fillings and it insignificantly affects R&D and foreign patent fillings. For developed countries,
patent strength is positively correlated with R&D and domestic patenting (and has an U-shaped
relationship), and is negatively correlated with foreign patent filings, after a certain level of patent
protection is reached, and has an inverted U-shaped relationship. Also, Papageorgiadis and Sharma
(2016) found a positive and significant effect of IPRs on innovation in 48 countries. Their research is
distinctive in the sense that they use a new patent index, that also includes enforcement of patents, next
to regulatory strength of the patent laws. This addition to the index was found to be significant in
explaining the relationship between IPR and innovation.
Case Studies
Sakakibara and Branstetter (1999) looked at the effect of a widening of the patent scope in Japan on
innovative efforts by Japanese firms. Using interviews and econometric analysis, they found that
additional R&D effort and innovative output was quite modest. A comparable research was done by
Kortum and Lerner (1997). They noticed a surge in patenting in the 1980s and 1990s and they wanted
to explore whether this was due to a juridical case of the Court of Appeal which led to a legal change
regarding patents as they broadened patent rights. They found no evidence for a relationship between
this legal change and the increased patenting. Instead, they found that the patent surge was caused by
changes in the management of innovation, which involved a shift to more applied activities.
A positive relationship was found by Lo (2011), who investigated patent reforms in Taiwan in 1986.
These patent reforms consisted of improved enforcement mechanisms, some administrative reforms and
the creation of a special court. He found that the patent reforms led to higher R&D spendings, an increase
in US patenting for certain industries and the reforms increased FDI. Contrary to other researches, this
research focuses on the effect of strengthening patent law in a developing country. A conclusion from
this fact is that patent reforms in developing countries might yield more innovative activities contrary
to patent reforms in developed countries.
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Inverted U-curve
The conclusion of these studies is that there seem to be an academic discourse on the question whether
the relationship between IPRs and innovation is positive or negative. Some theoretical, empirical and
case studies show that IPRs positively influence innovation, while other studies show that IPRs do not
have a significant effect on innovation. Moreover, there are differences between developing and
developed countries with regard to this relationship.
A potential reason for this discourse is that there could be an inverted U-shaped relationship between
strengthening IPRs and innovation. Allred and Park (2007) already mentioned this in their research and
they showed that there was proof for the existence of this inverted U-shaped relationship. Qian (2007)
and Lerner (2002) indeed proved that strengthening an already strong IPR system reduces innovation.
Based on these findings, Furukawa (2010) designed an endogenous growth model that explains the
inverted U-relationship between IPR protection and innovation. He presents it in the following way (
Figure 3):
Figure 3. Inverted U-curve relationship between IPR and innovation

The inverted U-curve, as presented above, states that when IPR strength is not really high, it is profitable
to strengthen the IPRs since this will increase innovation. However, when IPR strength is already really
high, stronger IPRs will not lead to more innovation. This might be an explanation for the fact that there
are differences in results when comparing studies or when comparing IPR reforms in developed and
developing countries. In developing countries, IPRs are most of the time not fully developed and
therefore, strengthening IPRs will yield more innovation. On the opposite, developed countries often
have very strong IPRs and a strengthening of these will probably yield less innovation. A possible reason
for this is that when patent rights are stronger, there will be a greater incentive to file patents, and the
more patents are filed, the more permissions innovators need to find in order to continue development
based on previous technologies. The transaction costs of licensing will then increase and it also the
likelihood of blocking will increase. Due to these increased transaction costs and blockings, innovation
will go down (Shapiro, 2001). The ideal IPR strength would thus be somewhere in the middle
(Furukawa, 2010). It must be taken into account that for every country, this ideal threshold is different,
as it is dependent on the context and needs of a country (Chen & Puttitanun, 2005).

2.2

Intellectual property and the environment

The next step is to consider how this works in the context of climate change and sustainability. Does IP
stimulate sustainable innovation and if so, how does that work?
The World Intellectual Property Organization (WIPO) argues that IP is likely to be an important
instrument in fighting climate change (WIPO, 2014), with a special role appointed to patents, because
patents are relevant in the creation and dissemination of the relevant technologies. Discussions are
ongoing on the use and regulations of patents, for example, the question whether environmental patents
should be treated in a special way. The WIPO recognizes that debates over patents and climate change
touch many of the already existing doubts and questions about patents in general, of which one is already
8

discussed in the paragraph above. However, empirical research and evidence on the relationship between
IP and sustainable innovation is currently not widely available. Most work in this field is about IP as a
policy tool and the problems of IP with respect to climate change. This includes theoretical studies and
case studies, but hardly any statistical studies.
Derzko (1996) was one of the first that wrote about the intellectual property system as a tool of
environmental policy. She recognized the potential of IPRs as a tool for stimulating sustainable
innovation, since IPRs do stimulate general innovation, thus they should also stimulate sustainable
innovation. However, she also argued that the patent system has problems with regard to providing the
proper incentives. Since the cost and time of a patent application is very high, small innovators of
environmental technologies are discouraged to innovate in these technologies. Moreover, the
requirement of non-obviousness for a patent application might not be satisfied as sustainable innovation
might involve only a small improvement over the already existing technology. Derzko (1996) concluded
that the patent system in the U.S. is not designed to foster more sustainable innovation.
IRENA (2013b) also recognized that patents can play an important role in climate change mitigation.
They consider multiple ways in supporting sustainable innovation. The first is that patents serve as an
incentive for innovation. The second is that patents are a source of information. Because patents are
published, the knowledge is accessible for everyone, thus everyone is able to make use of the
technological innovation of that patent once the patent has expired. However, a downside is that
individual patents are often a part of a larger technology solution, and to understand the written texts of
the patents, specialized knowledge is required. IRENA (2013b) looked at trends of specific technologies
and found that high patent growth rates have resulted in a significant increase in the rate of deployment
of these technologies, which was also found for wind energy technology. An important note is that such
correlations are different for distinctive technologies, for example, for hydrogen fuel cell vehicles a
similar correlation between patenting growth and the rate of deployment was not found. The overall
conclusion of the research was that patents play a relevant role in sustainable innovation.
Other studies, however, found different results. Maskus (2010) concluded from the limited evidence
available that the patent system is most likely not a significant driver of sustainable innovation. The
reason for that is that there are cases, especially for small countries, in which there is no guaranteed
market, thus no opportunity for the innovator to earn back his investments. The second reason is that
there are multiple government-subsidized researches in OECD-countries in the field of sustainability,
which shows that IPRs in these countries are not succeeding in their stimulating role. This conclusion is
also reached by Reichman, Rai, Newell, and Wiener (2008), who compared green technologies with
biotechnologies, since green technologies will mostly be based on biotechnologies, and since public
funding is common in this field. One lesson they drew from their study is that the incentivizing role of
patents might be absent in the case of publicly funded research, as the investments are paid by the public,
thus there is no reason to apply for a patent to earn back the investments. The patent system is thus not
designed optimally for areas in which there is not much (commercial) interest, such as green
technologies. A similar conclusion is drawn by Barton (2007), who argued that IP systems and more
specifically the TRIPS agreement do not have special features regarding green technologies, which it
has for health or nutrition.
The common viewpoint of the discussed literature is thus that the IP system is currently not designed to
promote sustainable innovation, and thus does not stimulate sustainable innovation. Research also shows
that a more climate oriented society might be more important in stimulating sustainable innovation than
IPRs (Langinier & Chaudhuri, 2019). There are also studies that try to find out how IPRs have to change
in order to be more incentivizing. Derzko (1996) proposed regulatory changes that focus on avoiding
procedural and substantive patenting difficulties in order to provide the incentives needed, for example,
removing the non-obvious requirement for sustainable innovations. The patent system needs to be
adjusted to a system that provides cheaper and easier to get patent rights for innovators. In the same
manner, Langinier and Chaudhuri (2019) found that stricter patentability requirements or lower
patenting costs might reduce emissions. Moreover, patent offices might have an important role to play
in sustainable innovation (Tran, 2011). Because they are able to make policies regarding the processing
9

of sustainable technology patent applications. For example, the U.S. patent office has the Green
Technology Pilot Program, which should lead to easier applications for green patens. A proper design
for these policies could lead to more sustainable innovation. Looking at different jurisdictions, Rimmer
(2011) ascertained that multiple, key patent institutions introduced different mechanisms to increase
research to sustainable innovations, such as introducing new databases and new or eased requirements
and procedures. However, there are serious concerns on whether these mechanisms will increase
research. Rimmer (2011) thus argued that there is a need for substantive patent law reform in order to
stimulate sustainable innovation.
Umfeld
As there is little empirical research on the relationship between IP and sustainable innovation, it is useful
to consider some literature and research that are indirectly connected with these concepts. In intellectual
property terms, this is called the ‘Umfeld’, which indicates the context or environment in which an IPR
is situated.
For example, Popp (2010) found that well-designed climate policies can stimulate the development of
green technologies, such as providing R&D support, carbon taxes, and the effect of changing energy
prices. In general, market-based policies seem to provide greater incentives for innovation, since they
reward the inventor for continuous improvement in environmental quality, whereas command-andcontrol policies are not rewarding inventors and thus are less able to incentivize development of green
technologies. Important to note is that these predictions are rather ambiguous. Popp (2010) did not
include the effect of intellectual property rights, but his research indicates that policies are important.
Although there is no certainty, it could mean that intellectual property policies are an important factor
in fighting climate change. The same conclusion is reached by Karachalios et al. (2011). Using patent
data on CETs (Clean Energy Technologies), they found that patenting in CETs had outpaced patenting
in traditional energy sources, and this coincided with the adoption of the Kyoto Protocol. They
concluded that this is a strong signal that political decisions and adequate frameworks are important in
stimulating sustainable innovation. For that reason, intellectual property policies might be important as
well. The relationship between market-based and non-market-based instruments is also explored by
Fabrizi, Guarini, and Meliciani (2018). They focussed on the relationship between policy for sustainable
development and innovation using the Porter hypothesis, that states that properly designed
environmental regulations might lead to more innovation. Moreover, they focussed on the effects of
green research networks. They tested whether green patents depend on technology, networks or
regulation drivers (proxied by a policy index). They found that market-based instruments, such as
pollution taxes, deposit-fund schemes and tradable permits, are more effective in stimulating
environmental innovations and that research networks strengthen this relationship. This research showed
again that policies and regulations, such as IPRs, are important drivers for sustainable innovations.
There is also evidence that contradicts these findings. Research on the development and diffusion of
green diffusion showed a decelerating trend in patenting activity in green energy technologies in the last
years (Fushimi, Bergquist, León, Xu, & Wunsch-Vincent, 2018). The reasons are unclear, but the most
plausible reasons are existing obstacles in the diffusion of energy innovations, fewer subsidies and
diminished technological opportunities after a first wave of innovations. Other reasons can be the lack
of prioritizing green energy innovation and the maturing of renewable energies. Changing intellectual
property rights or other policies are not mentioned as possible reasons, meaning that they are possible
of low interest regarding the stimulation of green innovations.
Hypothesis 1
Based on the summary of the literature, the conclusion is that there has not been done much empirical
research on this topic. Research shows that IPRs can stimulate innovation in general up to a certain
threshold, but beyond that threshold, IPRs will discourage innovation (the so called inverted U-curve).
This finding has not been tested yet on sustainable innovations, although research argues that the same
problems for general innovation will also arise for sustainable innovations. There is no reason to doubt
this argument, since sustainable innovations do not have special features that could ensure that the
normal problems will not occur on sustainable innovations. For that reason, we can argue that IP is an
important factor in the fight against climate change. As IPRs do incentivize innovations, they will most
10

likely also incentivize sustainable innovations which are focused on climate change mitigation, although
there is no empirical research done on this specific topic yet. This study tries to fill that gap in the
literature. Moreover, it is found that public policies and regulations are important drivers for
(sustainable) innovation, and since IPRs are a form of regulations, this might be an indicator that IPRs
are important for sustainable innovation too. The main issue is that IPRs are not yet designed to promote
sustainable innovation. This is problematic, as the need for climate friendly technologies is high. It is
thus of high priority to find out whether there is a relationship and what can be done to improve the
relationship
The first hypothesis will thus be:
Hypothesis 1a: The IP system does incentivize sustainable innovation.
Since IPRs do incentivize general innovation, they will most likely also incentivize sustainable
innovation, and therefore, a positive relationship is expected. This positive relationship, however, is not
expected to be very strong, because the IP system does not have many special features with regard to
the stimulation of sustainable innovation.
A relatively new feature with regard to sustainable innovation, is the introduction of a new tagging
scheme, by which sustainable patents can be found easily (Veefkind, Hurtado-Albir, Angelucci,
Karachalios, & Thumm, 2012). To test whether environmentally-related IP-policies, more specifically
the new tagging scheme, led to more sustainable innovation, a second hypothesis will be tested:
Hypothesis 1b: The introduction of a sustainable patent tagging scheme does not have an impact on the
relationship between IPRs and sustainable innovation.
It is not expected that the tagging scheme will have a significant impact on the relationship between
IPRs and sustainable innovation, because it is merely a tagging scheme, which has nothing to do with
the process of developing a new product; it will not lead to additional benefits for an inventor when a
patent can be classified as a ‘sustainable patent.’ One could argue that the publicity around a firm will
become more favourable once it is known that a certain firm focuses a lot on sustainable innovation,
resulting in potential (financial) benefits. However, it is questionable whether ‘normal’ people will look
into a patent database, so the potential benefits are small or non-existent, and for that reason, it is not
expected that this specific policy will lead to more sustainable innovation.

2.3

IPRs and the diffusion of sustainable innovations

Although the literature is not unanimous on whether IPRs stimulate (sustainable) innovation, a lot of
innovation in green technologies is still happening (WIPO, 2020). Green technologies are useless if they
are not used and diffused. It is important that green technologies will spread across the world, especially
to developing countries. In this part, the diffusion of these technologies to other parts of the world,
especially less developed countries, and the role of IPRs therein will be discussed.
There are multiple different ways in which technology can diffuse to other countries (Maskus, 2019).
First, technology can diffuse via the market-based channels. Market-cased channels are trade in hightechnology goods and services, FDI, technology licensing and the cross-border movement of engineers
and technicians that transfer their knowledge. In this context, IPRs serve as direct means of technology
and information transfer. Second, there are non-market channels. These are imitation, personnel that is
switching from one firm to a competitor and with that technological information, and patents which are
undisclosed – meaning that the patent information is accessible for everyone – and are understandable
by a skilled person. As can be seen, IPRs play an important role in the market- and non-market based
diffusion, since they determine the speed of diffusion through these channels. IPRs can enable and
disable technology spread. On the one hand, IPRs, and more specifically patents, are important in
reducing information costs and uncertainty of market-based technology transfer by means of licenses
and other kinds of contracts, but on the other hand, if the IPR regime is very strict, the costs of imitation
will increase greatly, thus less technology will be diffused. This way, the patent system can work in two
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ways. The central question is whether IPRs are an enabling or disabling factor in the diffusion of
technologies. The answers to this question are mixed. There are various schools of thought on this
subject, with schools which take a more comprehensive approach and schools which are looking at
selected cases more closely (Copenhagen Economics & The IPR Company, 2009). Both schools find
evidence that IPRs are either enabling or disabling technology transfer. For example, ICTSD (2008)
argues that on the one hand, IPR protection is necessary to incentivize (sustainable) innovation, but on
the other hand that too much protection can hinder technology transfers due to high costs.
There is convincing evidence that IPRs are an important enabling factor in the diffusion of technologies
(Foray, 2010; Hoekman, Maskus, & Saggi, 2004; Maskus, 2004). In a study to U.S. exports, Smith
(2001) proved that strong patent rights positively affects knowledge diffusion; strong patent rights
increased the flows of knowledge to affiliates. Moreover, high-technology exports from OECDcountries to developing countries increased when local IPRs became more strict after the TRIPSagreement (Ivus, 2010). The results suggested that these reforms increased the value of OECD-exports
of patent-sensitive goods. A more recent study also found strong evidence that such reforms also raised
the exports of high-technology goods from middle-income countries (Maskus & Yang, 2018). Barton
(2007) showed that developing country firms were able to access markets of Photo-Voltaic, Biomass
and Wind Energy technologies after patent reforms and that in some cases, patents may have worked to
facilitate technology transfers, mainly via cross-licenses or product modifications. Also on the firm
level, the number of licensing contracts will increase when such reforms occurs. However, these results
are only found in larger and middle-income developing countries (Branstetter et al., 2006). There are no
detectable effects in smaller and poorer countries, suggesting that the ability of IPRs to stimulate
technology transfers is dependent on other important market and policy factors, such as the size of
domestic markets, local adaptation capacities, the presence of skilled labor, weak governance and the
infrastructural quality. This is also found by Barton (2007), who concluded that stronger IPRs will help
in the more advanced developing countries to attract more technology transfers, but this effect is likely
to be different in poorer nations.
The same applies to FDI flows and their technology content (Hoekman et al., 2004). Available evidence
showed a positive impact of patent rights in developing countries on FDI. Stricter IP regimes are a
significant determinant of a FDI location decision of U.S. firms (Nunnenkamp & Spatz, 2004). Similar
evidence was found in Eastern Europe (Smarzynska, 2002) and China (Du, Lu, & Tao, 2008).
There is also evidence that IPRs might be a disabling factor. Khor (2012) argued that IPRs are hindering
technology transfers. He saw five different ways in which strong IPRs can hinder access of developing
countries to technology and transfer to developing countries, including sustainable innovations. The first
one is that strict IPR regimes can discourage innovation by local innovators, especially in countries
where most patents are held by foreign inventors. The monopoly rights of patent holders will restrict
local research. The second is that a strict IPR regime makes it more difficult to develop or make use of
patented technology, since the use can be prohibited or is really expensive. The third way is that the
TRIPS-agreement makes it possible to charge higher license fees and local firms will not be able to pay
these higher fees. Fourth, even if it is possible to use the patented technology, the patent holder can set
strict conditions on the use of the technology or withhold permission to use or commercialize its
invention. Lastly, the license fees can be seen as a drain on national resources and foreign exchange,
and the resulting balance of payment problems can give rise to financial problems. A literature survey
on these issues showed that most of them actually can happen and thus IPRs can be seen as a disabling
factor for technology transfer (Khor, 2012).
Moreover, Maskus (2010) acknowledged that strengthening patent rights can also lead to reduced
competition and access in countries where the patents are registered. These problems are most likely to
appear in countries where domestic capacities to reverse engineer, imitate and adapt these technologies
to local conditions are lacking. Patents will slow this process. Thus, there seems to be a tradeoff between
stronger IPRs that can stimulate formal means of technology transfer by using contracts and licenses,
but they also raise imitation costs and market power.
To summarize (Maskus, 2019), evidence suggests that patent reforms have a positive effect on inward
technology transfers through market-based channels, since patent reforms attract foreign patents, they
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raise imports of high-technology goods and they may also stimulate export growth. Moreover, IPRs
expand the local activities of multinational firms and they increase licensing to all parties. These results
are mostly applicable to high-technology firms. However, these impacts are mainly found in larger and
middle-income countries and there is little evidence of equal effects in poor and small economies.
Furthermore, the impacts are subject to important threshold effects in the levels of income and
educations. However, these results show only one side of the story, as there are also different viewpoints.
For example, stronger IPRs can also lead to decreased imitation and learning, which is an important
factor in technological development for poor economies.
Sustainable innovations
The remaining topic is whether these results are different for green technologies. As discussed before,
Barton (2007) showed that patents played an important role in the transfer of Photo-Voltaic, Biomass
and Wind Energy technologies to more advanced developing countries. It is also proven that the IP
system in a country is an important – but not the only – factor for green patent holders that decide on to
who provide a license (Karachalios et al., 2011). The EPO and the UNEP explored the patent landscape
in Africa (2013), Latin America and the Caribbean (2014), and Europe (2015) in the field of green
technologies. The general conclusion on these studies is that the IP system has huge potential for these
continents to attract green technology transfer, but the IP systems are currently underutilized for that
purpose. For Africa, the study showed that African countries strengthened their IP systems to
international standards, but patenting activity remains relatively low, although the situation is slowly
improving. It is important that the quality of the patent system is high, as this will ensure that patents
are only granted to those applicants with significant contributions in this field. This, in turn, will lead to
more and successful technology transfer. For Latin America and the Caribbean, the EPO and UNEP
conclude that the patent systems are all of high quality, but again, is highly underutilized. In order to
solve this problem, the EPO and UNEP advice the Latin American countries to improve the patent search
and examination processes. With regard to the patent system in Latin America, the EPO and UNEP
expected an increase in green technologies as a result of changed policies to promote sustainable
innovations in the coming years. With regard to Europe, the EPO and UNEP suggest that public policies
ensured increasing development of sustainable innovations, although the policies included were the EU
Emission Trading System (which is a cap on carbon emission in the EU), tariffs and other climate change
related policies, and not IPRs. Moreover, it is proved that patent protection is an enabling factor for the
diffusion of green technologies via trade and investment flows, as “higher incoming trade and
investment volumes are, on average, associated with higher numbers of patent filings from the
originating country” (EPO & UNEP, 2015, pp. 53). A similar conclusion is reached by Copenhagen
Economics and The IPR Company (2009). Their study found that IPR protection does not make green
technologies unaffordable to emerging countries and for that reason, IPRs are not a barrier to trade.
These concerns were based on the premise that competition in green technology is limited, and this
would make it possible for patent holders to add an additional monopoly mark-up that makes the
technology more expensive. This turned out to be not true, since competition is fairly high and the
additional mark-up is not found. They also found that developed countries, which hold the largest share
of sustainable innovation, account for a significant share of patents in developing countries, and this
makes it less likely that IPRs are a barrier to the transfer of green technologies.
Hypothesis 2
The literature suggests that IPRs are not a barrier for technology transfer in general, and the same holds
for the transfer of sustainable innovations. There is a wide amount of evidence available that proves that
IPRs do stimulate technology diffusion since patent holders are protected and this makes that they are
willing to transfer their technology. There are, however, concerns of additional, unbearable costs and
decreased diffusion. These concerns are viable, but the evidence on the enabling role of IPRs are more
widely available and they are convincing, and for that reason, it can be concluded that stronger IPRs
enable technology transfer. Although sustainable innovation is different than normal innovation, there
are hardly any reasons to assume that the same does not hold for sustainable innovations, so it is expected
that IPRs do stimulate the transfer of sustainable innovations. However, this statement is never tested
empirically, so this thesis will test this empirically to make sure this statement holds. The second
hypothesis will thus be:
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Hypothesis 2: IPRs are an enabling factor for the diffusion of sustainable innovations
However, it is important to consider that there are also other factors that drive the diffusion of
technologies. These include the institutional climate, the infrastructure, the trade regime, the political
regime and other relevant economic factors. The effect of IPRs will be compared to these factors, in
order to be able to find the direct effect of IPRs.

2.5

Summary

In this chapter, the literature on sustainable innovation and its relation to the two roles IP is discussed.
IP seems to incentivize innovation up to a certain threshold (the inverted U-curve), and the same is
expected for sustainable innovation. However, this is not because IP is designed to incentivize
sustainable innovation, but because IP incentivizes innovation in general, and there is no reason to doubt
this assumption for sustainable innovation. Moreover, it is not expected that the IP system is currently
designed for sustainable innovation, as green IP-policies will not yield additional sustainable innovation.
Moreover, the based on the literature, it is expected that IPRs are an enabling factor for the diffusion of
sustainable innovation. The literature thus suggests an important role of IP in sustainable innovation,
although additional and well-designed policies could make the role of IP bigger.
In this study, this conclusion of the literature will be tested using a panel data-analysis. How this analysis
is conducted, is will be described in the next chapter.
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3.

Methodology

In this section the methodology will be discussed. The quantitative method will consist of an
econometric analysis of the relationship between IPRs and sustainable innovation. First, the data, and
more specifically the way the variables will be operationalized, will be discussed. Second, the dataset
will be presented. Lastly, the statistical models will be described.

3.1

Data

Measuring sustainable innovation
In order to test the relationship between IPRs and sustainable innovation, the concepts of IPRs and
sustainable innovation need to be operationalized. The first one to be discussed is the concept of
sustainable innovation. Innovation can be measured using a lot of different indicators, but the best
known and most widely used are the number of scientific personnel in different indicators and R&D
expenditures (OECD & Eurostat, 2019). There are also a few environmental specific indicators, such as
government budget appropriations and outlays for R&D and public spending on energy technology
R&D (Haščič & Migotto, 2015). However, these indicators have a few disadvantages. Firstly, data on
these indicators are only available on the aggregate level and they cannot be separated by technology
group. Secondly, the data is incomplete; indicators on private R&D expenditures are missing and there
are data gaps. Lastly, data on R&D expenditures is data on inputs to innovation, whereas it would be
preferable to use an output measure of innovation. Moreover, other measures of innovation have been
developed over the last couple of year, however, each of them has its downsides. For example, some
surveys have been held which contained environmental-related questions, such as the Community
Innovation Survey from the European Union, but the costs of these surveys is high and the data is
subjective. Another method would be to use administrative data based on industry and commodity
classifications. These classifications measure the output of goods and services and the technology would
be reflected in the underlying data. However, these classifications are not suitable for this purpose,
because they are not meant to use for the identification of environmental technologies: the classes can
be too broad and even if these classes can be more specified, it is hard to unravel the amount of
innovation that a good represents (OECD, 2011a). Also bibliometric data can be used (Haščič &
Migotto, 2015). Bibliometric data is obtained by looking for keywords in scientific studies and indexing
codes in databases. This way, innovation output can be measured, however, scientific innovations are
not necessarily innovations that can be commercialized and therefore it is difficult to use these citations.
The last option is to use patent data. Patent data is one of the most used measures of innovation. It has a
few advantages over the ones mentioned before (Haščič & Migotto, 2015). The first one is that patent
data is commensurable because patents are based on an objective standard. The second advantage is that
patent data measures the output of the inventive process. Third, the data is quantitative and therefore
suited for statistical analysis. Fourth, the data is widely available as there are a lot of public databanks
for patent data and patents need to be disclosed. Last, patent data can be separated into different
technological fields. This feature makes it possible to distinguish green patents from other patents.
Patent data also has a few downsides (Haščič & Migotto, 2015). The first one is that not all innovations
are patentable. Innovations are patentable when they are novel, non-obvious and useful, and not all
inventions meet these requirements. That means that these innovations are not included in the data.
Moreover, even if an invention is patentable, it does not have to be patented. Some inventors decide not
to protect their invention with a patent, because it means that the technology is disclosed. Instead, they
choose to keep the technology secret, for instance. Also, not all patented inventions are of the same
quality (Haščič, Silva, & Johnstone, 2015). This can be fixed by using patents with a family size of more
than two, which means that these patents are claimed at multiple patent offices. The use of patent
families will be discussed later. On the other hand, the quality of the inventions is not of biggest interest
for this study, since the application of the inventions is not part of the study. Lastly, patent coverage
lacks in developing countries. This means that the data will mostly consist of OECD data. This is not
necessarily problematic, since most innovation takes place in OECD countries (OECD, 2020a), which
means that the dataset will still be representative.
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Because of the advantages mentioned, and despite the downsides, Haščič and Migotto (2015) state that
patent data is the best suited for identifying (environmental) innovation. For this reason, patent data will
be used in this study.
Sustainable innovation
The way green technologies are identified, is by making use of the patent classification schemes. Every
patent is classified according to the characteristics of a patent. The classifications make it possible to
categorize patents and thus to find different kinds of patents and technology. Patent classifications are
internationally coordinated, although there are multiple classification schemes. The most used patent
classification scheme is the Cooperative Patent Classification system (CPC), with over 250,000 distinct
patent classes (EPO, 2020). The patent classification schemes will be used to collect the necessary patent
data.
There are multiple classifications that identify sustainable innovations. The most used one, and the one
that will also be used in this thesis, is the Y-tagging scheme. This class is developed by the European
Patent Office (EPO) in order to extend the reach of patent information on green technologies (Angelucci,
Hurtado-Albir, & Volpe, 2018). The goal of this class is to identify patents that relate to sustainable
innovations, which are technologies “which directly or indirectly either help reduce the emission of
greenhouse gases or actively enhance the sinks of such gasses” (Angelucci et al., 2018, pp. S58). This
scheme was set up using algorithms that identified the correct technologies, instead of assigning the
class to the technologies one by one. This process included some error of about 7%, so not all patents
are included or patents have been wrongly included. However, this makes it possible to analyze the
patents, which would otherwise not been possible. For this reason, using the Y-tag is a good method to
get data on green patents.
The Y-class consists of two distinct subclasses: the Y02- and the Y04s-scheme. The Y02-scheme is
directed to technologies that can be considered to mitigate climate change in the broadest sense:
technologies or applications for mitigation or adaptation against climate change (Angelucci et al., 2018).
The Y04s is a separate scheme that is dedicated to smart grids. Most technologies used in the Y04sscheme are also present in the Y02-scheme.
When working with patent data, it is important to keep in mind that patent data is pooled from multiple
patent offices together. This means that, when inventors apply for a patent in another country, the
invention will be protected by two patents. This is problematic for analytical purposes, since inventions
will be double-counted. In order to prevent this, it is necessary to work with the counts of priority
applications or patent family size (Haščič et al., 2015). This also allows for distinguishing statistics to
the size of international patent families. A huge advantage of patent counts based on all inventions, with
a family size >= 1 (the PF1-statistic), is that the statistics are truly world-wide, since the entire stock of
patent priorities is included (Haščič & Migotto, 2015). Moreover, looking only at claimed patents
provides another benefit, namely that only higher-valued inventions are being considered. Low-valued
inventions usually only seek protection at one patent office, and patenting is costly so it is only profitable
to seek protection at multiple patent offices when these costs can be earned back. According to Haščič
et al. (2015), the statistic based on the claimed priorities, with a patent family size of >= 2 (the PF2statistic), is the most suitable statistic for international comparison, because “only the “high-value”
priority applications are counted without placing an excessive constraint on ‘narrow’ technological
fields.” However, as the quality of the innovation is not a variable that is of interest for this study, the
PF1 statistic will be used. A summary of the different patent indicators is provided in the Table 1 (Haščič
et al., 2015).
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Table 1: patent indicators

Two patent datasets will be used. The first one is patent data from OECD.Stat, the second one is Y02patents data. The OECD.Stat database contains a database on environmental technology with data on
technology development (OECD.Stat, 2019). It counts the amount of patents in environment-related
technologies, as well as inventions in specific areas of sustainable innovation: environmental
management, water-related adaptation technologies and climate change mitigation. The way the data is
measured is by using the number of inventions (simple patent families) that are developed by a country’s
inventors, independent of the jurisdictions where protection is sought. If something was invented by
people from multiple countries, for example by a person from the Netherlands and by a person from
Belgium, then each country will obtain a count of 0.5. This prevents double-counting of inventions
(OECD.Stat, 2019). The indicator is disaggregated by inventor country, priority date, family size and
technology domain. The data is available from 1990 till 2016 for 211 countries worldwide, although
data on OECD-countries is more complete. There are some data gaps, because data is not available for
every country from 1990. This means that the data is unbalanced. There are also a lot of zero-values,
which come from the fact that sometimes countries did not invent green technologies in a year.
The data is country specific, meaning that for each country for each year there is a number that indicates
the amount of inventions. This allows to explore whether reforming IP systems contribute to the
development of sustainable innovation, since IP systems differ among countries and thus country
specific data needs to be used. The total amount of patents in sustainable innovation is chosen as
dependent variable.
This dataset is suitable for tracking developments in sustainable innovation (OECD.Stat, 2019). It is
possible to assess countries’ and firms’ innovative activities, and also the environmental and innovation
policies of different governments can be assessed. The database is constructed using the Worldwide
Patent Statistical Database (PATSTAT) of the EPO, and OECD-algorithms are used to identify the
relevant technologies. Moreover, the OECD.Stat database makes it possible to extract data on the PF1indicator and the PF2-indicator. The downside of the OECD.Stat is that the Y02-tag is not used. As
described before, the OECD managed to extract the relevant inventions from the entire database using
an algorithm.
Because the Y02-tag is a really helpful tool, another database will be used with the Y02-tags, namely
the Orbis Intellectual Property database. The data from Orbis IP can also provide robustness checks on
the results of the data from OECD.Stat. Orbis IP contains patent data on the Y02-tag from all countries
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in the world. Where the OECD.Stat database presented the amount of inventions for a country in a
certain year, Orbis IP does not present the data this way. Orbis IP only has data on individual patents,
meaning that for each patent, Orbis IP has a wide range of data for that patent, for example the priority
date, the current owners, the number of patent families, the inventor country etcetera. The dataset
contains data of over 1 million patents from more than 84.000 companies from about 80 countries
worldwide, ranging from 1902 till 2019. For this study, data on the priority date and the inventor country
will be used. In order to make the data compatible and comparable with the OECD data, the amount of
inventions per country per year was counted.
Measuring technology diffusion
In order to test the second hypothesis, data on technology diffusion is needed. As mentioned, there are
multiple ways in which technology can diffuse, and all these different ways can be measured. The first
way of technology diffusion was via market based channels, such as trade, FDI, licensing and crossborder movement of engineers and technicians.
The OECD-database contains two indicators on technology diffusion. The first one is called ‘trade in
environmentally related goods’, and this indicator reports the amount of exports and imports of
environmentally-related goods, which are defined according to the Combined List of Environmental
Goods (CLEG). These goods are appointed a Harmonized System (HS) code, which enabled the
identification of certain goods. The goods included are goods in the area of air pollution control, cleaner
or more resource efficient technologies and products, environmentally preferable products based on end
use or disposal characteristics, heat and energy management; environmental monitoring, analysis and
assessment equipment, natural resources protection, noise and vibration abatement, renewable energy
plants, management of solid and hazardous waste and recycling systems, clean up or remediation of soil
and water, and waste water management and potable water treatment. The data is available for all
countries between 2003 and 2016 and is measured in U.S. dollars. Because the goal of this study is to
find out how the IP system contributes to sustainable technology diffusion, the value of the imported
goods will be used. This way it is possible to identify the role of the developing IP system.
The second indicator is named technology diffusion. This indicator consists of the number of inventions
that seek patent protection through national, regional or international routes and is equivalent of the
priority application. The indicator shows the extent to which inventors want to protect the relevant
markets for their inventions. The indicator is disaggregated by multiple factors: patent office, application
data, coverage and technology domains. It must be noted that there is a coverage of 95%, because data
of less-developed countries lacks. Low coverage in these countries might underestimate the actual
performance there. This method is viable since patenting is costly and the applicant will thus only file a
patent application if there is a potential market for the invention (Haščič & Migotto, 2015)
Both indicators are highly useful for this study, because both show a different way of technology
diffusion. The first one is by way of market based channels, namely trade, and the second is about
bringing the invention directly into the country by applying for a patent. This is an important source of
technology diffusion, since patents need to be disclosed before they are granted, so the exact details of
a technology are publicly available. Moreover, because the data distinguishes different kinds of
technology or goods, the relationship between IPR and sustainable technology diffusion can be specified
to these groups of technology or goods. This provides more detailed insights in the role of IPR.
Measuring IPR
The last data needed is country-specific IP data. There are a few IP indexes that can be used to measure
the strength of an IP system. The first patent index was found by Ginarte and Park (1997), and this index
is still used a lot (for example, see Levy-Carciente (2019)). Park and Ginarte formed a patent index
ranging from one (lowest) to five (highest) based on the following parameters: extent of coverage,
membership in international treaties, duration of protection, absence of restrictions on rights and
statutory enforcement provisions. Each category was given a value between 0 and 1 and the unweighted
sum of these five values forms the overall score of the patent rights index for that country. The index
18

covers 123 countries, is updated every five years and contains data from 1965 till 2015 (Levy-Carciente,
2019). The index is suited to use for research on the effects of patent protection, and therefore, it is very
useful for this study. The downside of this index is that coverage is limited since 123 countries are
covered, and the data is only available for each 5 years, separate years are not measured.
Because the Ginarte and Park index only presents five-year data, this index is relatively constrained in
coverage. Moreover, since environmental innovation is a relatively new concept, annually available IP
statistics over the last couple of years is needed in order to get a better understanding of the relationship
between IP and sustainable innovation. Thus, more IP indexes are needed. There are a couple of indexes
that can be used. For example, the GIPC International Intellectual Property Index, which constructs an
IPR index based on 45 unique indicators that span eight categories of IP protection, namely patents,
copyrights, trademarks, trade secrets, commercialization of IPRs, enforcement, efficiency and
membership of international treaties (GIPC, 2019). It has a separate score for each of these categories,
which might be an important feature for this study as patent laws are most important. The first index of
this series was published in 2012, and since then is annually presented till 2019, with exception of 2013.
However, a major disadvantage of this index is that it only covers 50 countries, especially considering
that the patent data is available from more than 200 countries. Moreover, patent data is only available
till 2016, which means that only for four years data can be combined, which is relatively limited. For
that reason, this index is not preferred for this study. The same applies to the index of law-firm
TaylorWessing, which is has an own IP index, but this index is not annually published and the data only
is available from 2016, since the earlier versions are not available anymore (TaylorWessing, 2016).
The alternative used is the IP component of the Global Competitiveness Report (Schwab, 2018). The
Global Competitiveness Report (GCR) is published by the World Economic Forum (WEF) since 2008
and tracks the performance of about 140 countries on twelve pillars of competitiveness (Schwab, 2018).
These pillars are institutions, infrastructure, macroeconomic environment, health and primary education,
higher educations and training, goods market efficiency, labor market efficiency, financial market
development, technological readiness, market size, business sophistication and innovation. The data
from the GCR is obtained via estimates from various national authorities, international agencies and
private sources. The Report is formed on the basis of an Executive Opinion Survey, in which the
opinions of multiple business leaders around the world is captured. The aim of the survey is to “measure
critical concepts (…) to complement the traditional sources of statistics and provide a more accurate
assessment of the business environment and, more broadly, of the many drivers of economic
development” (Schwab, 2018, pp. 333). The 2017 version Survey captured the views of more than
14.000 business executives in over 148 countries. 150 questions are posed, in which the respondents
have to evaluate an aspect of their operating environment, on a scale of 1 to 7, where 1 represents the
worst possible environment and 7 the best. In order to get the strongest dataset, detailed sampling
guidelines are followed that ensure that the sample of respondents is the most representative possible
and comparable across countries and over time. Moreover, statistical tests are conducted in order to
detect and correct excessive perception bias, and in order to assess reliability. The quality and reliability
of the index is thus very high. These pillars are institutions, infrastructure, macroeconomic environment,
health and primary education, higher educations and training, goods market efficiency, labor market
efficiency, financial market development, technological readiness, market size, business sophistication
and innovation. The data from the GCR is obtained via estimates from various national authorities,
international agencies and private sources. The Report is formed on the basis of an Executive Opinion
Survey, in which the opinions of multiple business leaders around the world is captured. The aim of the
survey is to “measure critical concepts (…) to complement the traditional sources of statistics and
provide a more accurate assessment of the business environment and, more broadly, of the many drivers
of economic development” (Schwab, 2018, pp. 333). The 2017 version Survey captured the views of
more than 14.000 business executives in over 148 countries. 150 questions are posed, in which the
respondents have to evaluate an aspect of their operating environment, on a scale of 1 to 7, where 1
represents the worst possible environment and 7 the best. In order to get the strongest dataset, detailed
sampling guidelines are followed that ensure that the sample of respondents is the most representative
possible and comparable across countries and over time. Moreover, statistical tests are conducted in
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order to detect and correct excessive perception bias, and in order to assess reliability. The quality and
reliability of the index is thus very high.
The intellectual property index of the GCR is not differentiated by separate IPR, instead, the IP statistic
is a representation of the overall IP system (Schwab, 2018). The question that is posed to the respondents
about the IP system is: to what extent is intellectual property protected? Respondents were supposed to
rate the IP system of a certain country on a scale of 1 till 7. The average per country is computed using
a simple formula:
𝑁
∑𝑗 𝑖,𝑐 𝑞𝑖,𝑐,𝑗
𝑞𝑖,𝑐 =
𝑁𝑖,𝑐
Where qi,c,j is the answer to question i, in country c from respondent j, and Ni,c is the number of
respondents to question i in country c.
Data is available for about 140 countries from 2008 till 2018, meaning that the range of data is very well
suited for this study, as data from about ten years can be used for the statistical analysis. The range of
the dataset allows for a more in depth analysis of the data and thus will provide more reliable and useable
insights. Moreover, using two IP indexes allows for a robustness check on the statistical results.
Furthermore, the GCR-data comprises a lot of data on the innovative and trade climate in a country,
which can be used as control variables for this study.
The GCI data used for this study was obtained via the World Economic Forum, that published the data
on their website. This data needed to be reshaped in order to be able to perform the right statistical
analysis. Because of the methods to assess the reliability and consistency of the data described above,
and because for some countries, data is not available, there exist some data gaps, although these are
minor and mostly concern smaller countries.
Another way to identify the influence of the IP system is by looking at special features of the IP system
regarding green patents. In 2015, the European Patent Office developed a special classification scheme
for climate change mitigation technologies. As already described before, this scheme made it possible
to easier identify green technologies (Veefkind et al., 2012). Since green patents should be easier
accessible with the introduction of this system, it could have led to an increase of the amount of
sustainable innovations. To find out whether the setup of this new classification scheme actually has had
a role in the development of sustainable innovations, a dummy variable is included in the study for the
period before and the period after this new classification scheme, in order to explore the role of this new
feature.

3.2

Control variables

Development
Innovation is not only driven by IPRs, but also by other factors. These factors will also be included in
this study in order to find the exact role of IPRs relative to these other factors. It is assumed that there
are internal and external drivers of (eco-)innovation (Del Río, Peñasco, & Romero-Jordán, 2016).
Internal drivers are internal resources and preconditions and features of the firm, such as top-level
manager commitment with sustainability, technological competency, financial resources, ownership,
export-orientation and the sector-characteristics. The external factors assess the environment in which
an innovating actor operates (OECD, 2019). Because IPRs are an external factor, the role of internal
factors will not be assessed in this study.
There is a wide range of external factors for innovation, among which the following are the most
important: external resources, institutional quality, access to finance, extent of competition, tax policy,
infrastructure, the innovative capacity, labor market, the society and natural environment, public policy
and other market factors (EBRD, 2014; OECD, 2019; Porter & Stern, 2001; Shi & Wu, 2017). In order
to be able to test these factors, the factors will be combined to multiple groups. The data for the control
variables are mostly obtained using the Global Competitiveness Report (GCR).
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The geographical and jurisdictional location of a firm is important when talking about innovation. The
proximity to certain markets, such as labor markets, financial markets and product markets, is an
important factor for innovation that needs to be considered (OECD, 2019). Locational aspects will also
be discussed in the next factors. Most of the time, locational factors are being measured by using data
on policy, infrastructure, taxation, society and other factors that vary by location. When the data on these
factors is unavailable, a country proxy can be used to measure the effects. Some of these locational
factors, such as policy and infrastructure, will be taken into consideration as a separate variable,
however, a location proxy be used. Countries will be grouped on the basis of continent in order to find
out what the influence of location is.
One of the most important circumstances is the innovative capacity of a country in which a firm operates.
The innovative capacity is formed by all factors that ensure that innovation can take place (Porter &
Stern, 2001). If the innovative capacity is low, it is not likely that a lot of innovation will take pace. It is
defined as “a country’s potential – as both a political and economic entity – to produce a stream of
commercially relevant innovations” (Porter & Stern, 2001, pp. 5). The innovative capacity is dependent
on the technological sophistication and the size of the scientific and technical labor force. Moreover, the
investments and policy choices of the government and private sector that influence the incentives for
and a productivity of a country’s innovative activities are also crucial parts of the innovative capacity.
GCR pillar twelve is suited to measure the innovative capacity of a country (Schwab, 2018). The twelfth
pillar indicates the innovation climate in a country, and takes the following factors into account: capacity
for innovation, quality of scientific research institutions, company spending on R&D, universityindustry collaboration in R&D, government procurement of advanced technology products, availability
of scientists and engineers, the amount of patent and the IP-protection. The inclusion of IP-protection in
the innovation pillar might be problematic, as IPR-protection is also one of the variables in the model
as well. Correlation tests are run in section 3.3 in order to find out if this is problematic.
Market factors are also important for innovation, as the market is the place where potential inventions
are being sold, the place where the goods and services needed for an invention are being gathered, but
the market also defines some economic circumstances in which a firm is operating, for example,
competition. The market factor indicates the extent of competition, the size of the market and
technological opportunities in the market for a firm, and also the amount of suppliers and financial and
labor possibilities (OECD, 2019). The GCR provides different possibilities to measure the different
market factors. With regard to the extent of competition, the GCR offers data on the intensity of local
competition and the extent of market dominance. With regard to the availability of financial means, the
eight pillar of the GCR is financial market development, which indicates the availability and
affordability of financial means and loans. With regard to the market size, pillar 10 assesses the market
size, looking at the domestic and foreign market size, the GDP and exports as a percentage of GDP.
With regard to the market in general, pillar 11 about business sophistication includes data on the quantity
and quality of local suppliers, the extent of clustering, the nature of competitive advantage, value chain
breadth and the sophistication of product processes. These pillars will be added up together so they form
a combined variable on market factors.
Already discussed in the literature is the role of public policy. The public policy consists of the regulation
and tax system, government support, public infrastructure and macroeconomic policies (OECD, 2019).
IPR belongs to the regulation system, but the other factors belonging to the domain of public policy
might be important factors for sustainable innovation as well. For example, government support
programmes for fighting climate change are relatively common and those programmes might stimulate
innovation. Also, favorable tax legislation may be favorable for the amount of sustainable innovation
that is done in a country (Patanakul & Pinto, 2014). Moreover, the infrastructure and macroeconomic
policy can affect the ability of firms to innovate, since it defines the budgets available for innovation,
the economic outlook and the distribution channels of a potential invention (OECD, 2019).
Public policy, however, is a broad concept and for measurability, it is needed to define a compact way
of measuring public policy. First, it is important to find a general public policy measure. There are
multiple pillars in the GCR that can be used for this purpose. These pillars are the following (Schwab,
2018): first, infrastructure, which focus’ on the quality of the infrastructure, second, macroeconomic
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environment, which includes the balance of payment, savings, inflation and credit rating, and last, goods
market efficiency, which looks at the efficiency of the goods market that produce the right mix of goods
and services and that ensures that these goods and services are traded effectively in the economy.
Multiple regulations are included, such as customs and trade regulations, tariffs and taxes. These pillars
will be combined into one variable.
However, as the focus of this study lies on sustainable innovation, it is also important to include some
public policy variables that focus on sustainability. The Green Growth database of the OECD is suited
for this purpose. The Green Growth database contains indicators across a wide range of domains related
to green growth, among which ‘Economic opportunities and policy responses,’ that indicates the
effectiveness of policies in delivering green growth (OECD, 2011b). This indicator contains many
different variables, but for this study, the following variables are chosen: (1) environmentally related
government R&D budget as a % of total government R&D, since this indicator shows the amount of
government spending is attributed to environmental R&D, (2) national expenditure on environmental
protection as a percentage of GDP, and (3) environmentally related taxes, as a % of total tax revenue.
These indicators are combined with the public policy indicator. This leads to the formation of a green
public policy indicator.
The last variable is the institutional quality variable. Poor institutional quality (corruption, weak rule of
law) can increase the cost of introducing new goods and it makes the return to investments uncertain,
which undermines the incentives and abilities to innovate (EBRD, 2014). It will be measured using the
Worldwide Governance Indicators (WGI) from the World Bank. The Worldwide Governance Indicators
measure six dimensions of governance (World Bank, 2020):
1. Voice and Accountability, which captures the extent of freedom and government selection by
the country’s citizens;
2. Political Stability and the Absence of Violence, which captures the perceptions of the likelihood
of political instability and/or politically-motivated violence, terrorism included.
3. Government Effectiveness, which captures the perceptions of the quality of public services, civil
services and the degree of its independence from political pressures, the quality of policy
formulation and implementation and the credibility of the government’s commitment.
4. Regulatory Quality, which captures the ability of the government to implement policies and
regulations that promote private sector development;
5. Rule of Law, which captures the extent to which actors can rely on the rules of society and the
enforcement of laws and contracts, the police and courts and the likelihood of crime and
violence;
6. Control of Corruption, which indicates the amount of corruption in a country.
The WGI are updated every two year from 1996 till 2002, and on a yearly basis since 2002. To cover
the goal of the study, exploring sustainable innovation, the WGI will be combined with the
Environmental Policy Stringency Indicator (EPS). The EPS is a country-specific and internationallycomparable measure of the stringency of environmental policy, which indicates to what extent
environmental policies put an explicit or implicit price on environmentally harmful behavior (Botta &
Kózluk, 2014). It is included here because it is comparable with some of the WGI-factors, such as
government effectiveness, regulatory quality and rule of law. A downside of the EPS is that only 35
countries, mostly OECD countries, are covered.
Figure 4: Visual representation of all the variables on sustainable innovation
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Diffusion
The IP system of a country is not the only relevant factor in the diffusion of technologies. The following
factors are also drivers of the diffusion of sustainable innovations: technological capacity and
infrastructure, the regulatory and political climate, and human factors (Pugatsch, 2011). As there is no
data available on human factors, these will not be taken into consideration for this study.
The extent to which technology is successfully transferred to other countries, depends largely on the
ability of that country to absorb these technologies, also called the absorptive capacity: “the ability to
recognize the value of new information, assimilate it, and apply it to commercial ends” (Cohen &
Levinthal, 1990, pp. 128). If the required knowledge and skills are not available in a country, the
receiving country is not able to understand, use and update the technologies. Moreover, public
investment in R&D is also a valuable asset with regard to technology diffusion, as public investment
will help to grow national innovation strategies and create an innovative culture (Pugatsch, 2011).
Furthermore, public investment is also a key factor for the development of a high-quality infrastructure,
which enables the assimilation, utilization and development of sustainable innovations. The needed data
is available via the GCR. The GCR provides data on innovative capacity and infrastructure.
Next is the regulatory and political climate. According to Pugatsch (2011), diffusion of sustainable
innovation will happen to countries with macroeconomic, legal and political stability. Political
instability will increase corruption and the uncertainty regarding the enforcement of contracts, and an
unfavorable business environment increases the chance that investments will get lost and it can increase
the costs of developing and adopting new technologies. The macroeconomic state is also decisive, as
high unemployment and low economic growth negatively impacts the market for green technologies.
Moreover, Pugatsch (2011) argues that the growth of green technologies in developing countries is
mostly driven by regulation, and not by market factors, which indicates that public policy is highly
important. The data that is used for these indicators, are the WGI by the World Bank including the
Environmental Policy Stringency Index, the ‘green’ public policy indicator as described before in the
section on the control variables for the development of green technologies, and the macroeconomic
environment index from the GCR.
Figure 5: Visual representation of all the variables on diffusion of sustainable innovations
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Dataset description

The dataset consists of data on multiple countries over time, so the data can be characterized as panel
data. Because two features of IP will be tested, multiple datasets are included in the study. The variables
included in the dataset are listed in Table 2, including a definition of these variables.
As the Ginarte and Park-index is available from 1995, the used data will be the patent data from 1995
onwards. The dataset has some missing values for a few of the indicators. The GCR was published for
the first time in 2008, which means that before 2008, no data on the GCR-variables, being the GCR IP
index, the innovative capacity, market, and green public policy, is available. The same applies for the
institutional quality index, however, as the WGI is available since 1996, there are less missing values.
The missings described thus are missing at random, because the data on these indicators is not available.
There are also some missing values in the time frame 2008-2018 for the GCR. These missings are the
consequence of the validation methods of the World Economic Forum to assess the reliability of the
presented data, which led in some cases to drop certain values. Moreover, not for all countries data is
available over the time frame, as not all countries are included in every version of the GCR. This means
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that the panel data is unbalanced. Furthermore, the Ginarte and Park-index is five yearly, which means
in principle that the years in between are missing.
Table 2: Description of the variables

Variable
Value (SI)
Totaltrade
Country
Year
Patindex
ipgci
Innovcap
Market
Greenpublicpolicy
Instquality
Location

Greenpatents

Infrastructure
Econenvironment

Definition
The amount of patents / inventions for a given country
The amount of imported environmentally related goods
Country
Year
Ginarte and Park Patent index
GCR IP index
Innovative capacity
Combined variable for market-indicators
Combined variable for the public policy, focused on sustainability
Combined variable for the institutional quality, focused on sustainability
A location indicator for the countries, based on the continent they are situated,
ranging from 1 to 6:
1. Europe
2. North-America
3. Latin America and the Caribbean
4. Africa
5. Asia
6. Oceania
Indicator for the existence of the Y02-patent, with a value of 1 if year ≥ 2015
(the year the Y02-tag was being incorporated in the patent system) and a value
of 0 if year < 2015
Infrastructure index
Index for the macroeconomic environment

There are multiple ways to deal with missing values, such as dropping the data or using an imputation
method. Dropping data means that the dataset will decrease in size, which hurts the representability of
the data, and is therefore not a preferred option, in general. However, as the goal of the research is to
explore the relationship between IPRs and sustainable innovation, years for which no IPR index is
available are dropped. This does not hurt the outcomes of the dataset, since the cases for which no IPRvalue is available, are not of interest for this study.
Moreover, imputation methods are a common instrument when dealing with missing values. As the
GCR-data is not available before 2008, an therefore is missing at random, this is not a viable option for
the control variables, because they are simply not available and ‘predicting’ the values will therefore not
be reliable.
For this study, the following method is used. The missing values in the GCR-data (the data that is
missing between 2008 and 2018) are being treated by dummy variable adjustment, which means that
the missing datapoints are being substituted for the mean of that country. For example, if for Argentina
data is not available in the years 2009 and 2013, these gaps will be filled with the mean of the other
years. This is a common practice among researchers, but a downside is that it does lead to biased
estimates (Soley-Bori, 2013).
Secondly, in order to account for the missing values, two analyses will be done: the first one with a
balanced dataset from 2008 till 2016 or 2018 (dependent on which dependent variable is used) with the
control variables, and the second one with a balanced dataset from 1995 till 2016 or 2018, without the
control variables. This method ensures that the full potential of the dataset will be used, while taking
care of the missing values,
The summary statistics of the main variables of the study are presented in Table 3.
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Table 3: summary statistics

Variable
Value (OECD)
Logvalue (OECD)
Value (Orbis)
Logvalue (Orbis)
Totaltrade
Logtotaltrade
Patdiffusion
Logpatdiffusion
Patindex
Ipgci
Infrastructure
Econenvironment
Innovcap
Market
Greenpublicpolicy
Instquality

Mean
417.3844
2.501448
61.38403
2.193216
2.22e+08
16.0869
990.4731
4.427621
3.122052
3.826513
3.852536
4.705684
3.359554
20.42006
29.91477
0.3420904

Std. Dev.
3473.569
2.725195
274.3348
1.69104
7.24e+08
3.104211
4842.435
2.709531
0.985769
1.123033
1.232555
0.8911558
0.851928
3.509803
16.30425
5.657096

Min.
0
-1.771957
1
0
0
6.907755
0
0
0
1.574762
1.541238
1
1.676206
13.34916
0.122
-14.69625

Max.
70041
11.15684
4422
8.394347
9.47e+09
22.97139
113057
11.63565
5
6.479026
6.774676
7
5.838108
30.20314
99.74619
15.09914

The table shows for some variables in the dataset the log value. The reason for this is that for these
variables, the data is skewed and heteroscedasticity is present. This is the case for all the dependent
variables. The heteroscedasticity is visible in the scatterplots of the variables, and the Breusch-Pagan
test also confirms that heteroscedasticity is present. The scatterplots and heteroscedasticity tests are
presented in Appendix 1. A potential problem is that the OECD-data contains a lot of zero values, which
are being removed from the data once the log is used. This is not preferred, as zero values are also useful
for this study. In order to prevent this, a constant value of 1 is added. This is a common practice, but
leads to biased estimates (Bellego & Pape, 2019).
A VIF test was performed in order to find out whether the explanatory variables correlate with each
other. None of the variables exceeds the threshold of 10, which means that the variables are not
correlated with each other. The results of the VIF tests can be found in Appendix 2. Moreover, to find
possible outliers in the dataset, the Cook’s D-value was calculated. Some outliers were found, and these
were dropped when the Cook’s D-value > 1, as is common use when identifying outliers with the Cook’s
D-value (Cook & Weisberg, 1982).

3.4

Statistical model

The econometric method used is a panel analysis, with sustainable innovation as the dependent variable.
The IP system is the main independent variable. As the index of the IP system changes over time for all
countries, it is possible to find out the causal relation between changing IP systems and sustainable
innovation: does a stronger IP system lead to more sustainable innovation?
Panel analysis has the advantage that more precise estimators can be estimated and the test statics are
more powerful, because for multiple entities there is data over time, which increases the sample size
relative to a cross-section or time-series analysis (Wooldridge, 2012). Moreover, panel analysis is very
useful for evaluating the impact of a certain policy. A fixed-effects model is used in order to explore the
relationship between the development and diffusion of sustainable innovation and IP. Although IP is
relatively stable over time, they are not constant and therefore, a random effects model cannot be used
(Wooldridge, 2012). Some explanatory variables are constant over time, for example the location
variable, however, this is not the main explanatory variable and it will mostly be used as a moderator
for other variables. Moreover, it is expected that some unobserved effects are correlated with the
explanatory variables; every country has its own features which influence the explanatory variables in
a different way. Furthermore, the focus of this study lies mostly in the within-estimator, as the
differences within countries are the ones that determine the before-mentioned relationship. A fixed
effects model is therefore the best-suited option as it looks only at the within-variation (Gould, 2020).
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Lastly, Wooldridge (2012) argues that FE is almost always much more suitable and convincing for
assessing the effects of policy than RE when using aggregate data, which is the case for this study too.
A Hausman-test is performed in order to find out whether a fixed-effects model is more appropriate then
a random-effects model. The results of this test are presented in Appendix 2 (note: as the location-effect
is time invariant, it is not included in the fixed effects model, hence it is also not visible in the Hausman
test). The Hausman test results indicate that the H0-hypothesis, which states that the difference in the
coefficients is not systematic, can be rejected, and that a fixed effects model is the best fit. However,
this means that the location-dummy cannot be used, because it is time invariant and Stata will
automatically omit this variable. In order to be able to assess the impact of location, the same analysis
will be done using a random effects model. This means that only the results of the location-variable will
be used from this model, although the control variables will still be included so to have the best fit for
the model.
Based on the data, the following estimations are used in this study. One have to keep in mind that these
are the principal estimations; the robustness checks are not included here.
Model 1: development of sustainable innovation
The first and second model test the hypothesis that IPRs are an enabling factor for the development of
sustainable innovation (hypothesis 1a). For both development indicators (either the OECD indicator or
the Y02-patents), the same model can be used, as only the dependent variable is changing.
𝑆𝐼𝑖𝑡 = 𝛽0 + 𝛽1 𝐼𝑃𝑅𝑖𝑡 + 𝛽2 𝑖𝑛𝑛𝑜𝑣𝑐𝑎𝑝𝑖𝑡 + 𝛽3 𝑔𝑟𝑒𝑒𝑛𝑝𝑢𝑏𝑙𝑖𝑐𝑝𝑜𝑙𝑖𝑐𝑦𝑖𝑡 + 𝛽4 𝑚𝑎𝑟𝑘𝑒𝑡𝑖𝑡 + 𝛽5 𝑖𝑛𝑠𝑡𝑞𝑢𝑎𝑙𝑖𝑡𝑦𝑖𝑡
+ 𝛽6 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛𝑖𝑡 + 𝑎𝑖 + 𝑒𝑖𝑡
In which SI is the amount of sustainable innovation, IPR is the IPR index, innovcap is the innovative
capacity, greenpublicpolicy is the public policy, market indicates the market variables, instquality is the
institutional quality, location is the location indicator, a is the economic entity specific variation and e
is the error term. The subscripts i and t indicate the entity (cross-section) and time.
Model 2: development of sustainable innovation with interaction effect of green patents
In the second model, the IPR variable will be extended with an interaction effect with the Y02-variable,
to explore whether the introduction of green patents led to more sustainable innovation. With this model,
it is possible to assess the effect of a ‘green’ IPR-policy. The way this interaction is formed, is by using
a dummy variable, green patent, with the value of 0 when the Y02-tag did not exist yet (so before 2015)
and the value of 1 when the Y02-tag came into existence (so 2015 onwards).
𝑆𝐼𝑖𝑡 = 𝛽0 + 𝛽1 𝐼𝑃𝑅𝑖𝑡 + 𝛽2 𝑖𝑛𝑛𝑜𝑣𝑐𝑎𝑝𝑖𝑡 + 𝛽3 𝑔𝑟𝑒𝑒𝑛𝑝𝑢𝑏𝑙𝑖𝑐𝑝𝑜𝑙𝑖𝑐𝑦𝑖𝑡 + 𝛽4 𝑚𝑎𝑟𝑘𝑒𝑡𝑖𝑡 + 𝛽5 𝑖𝑛𝑠𝑡𝑞𝑢𝑎𝑙𝑖𝑡𝑦𝑖𝑡
+ 𝛽6 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛𝑖𝑡 + 𝛽7 𝑔𝑟𝑒𝑒𝑛𝑝𝑎𝑡𝑒𝑛𝑡𝑖𝑡 + 𝛽8 𝐼𝑃𝑅 ∗ 𝑔𝑟𝑒𝑒𝑛𝑝𝑎𝑡𝑒𝑛𝑡𝑖𝑡 + 𝑎𝑖 + 𝑒𝑖𝑡
Model 3: diffusion of sustainable innovation
The third model tests the hypothesis that IPRs are an enabling factor for sustainable innovation. For both
diffusion indicators, the same model can be used as it is only the dependent variable that is changing.
𝑆𝐼𝑖𝑡 = 𝛽0 + 𝛽1 𝐼𝑃𝑅𝑖𝑡 + 𝛽2 𝑖𝑛𝑛𝑜𝑣𝑐𝑎𝑝𝑖𝑡 + 𝛽3 𝑔𝑟𝑒𝑒𝑛𝑝𝑢𝑏𝑙𝑖𝑐𝑝𝑜𝑙𝑖𝑐𝑦𝑖𝑡 + 𝛽4 𝑖𝑛𝑓𝑟𝑎𝑠𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑒𝑖𝑡
+ 𝛽5 𝑖𝑛𝑠𝑡𝑞𝑢𝑎𝑙𝑖𝑡𝑦𝑖𝑡 + 𝛽6 𝑒𝑐𝑜𝑛𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑖𝑡 + 𝑎𝑖 + 𝑒𝑖𝑡
In which SI is the amount of sustainable innovation that is diffused (either via a patent application abroad
or via trade), IPR is the IPR index (either the Ginarte and Park-index or the GCR-index), innovcap is
the innovative capacity, greenpublicpolicy is the public policy, infrastructure indicates the market
variables, instquality is the institutional quality, econenvironment is the location indicator, a is the
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economic entity specific variation and e is the error term. The subscripts i and t indicate the entity (crosssection) and time in years.

3.5

Summary

In this chapter, the methodology is described. First, the operationalization of the main variables is
discussed. Sustainable innovation is measured by using patent data from two different databases. Patent
data is the best option to measure sustainable innovation for this study. The diffusion of sustainable
innovation is measured by looking at patent diffusion and technology trade. Moreover, two indexes are
used to measure the IP system of a country, namely the Ginarte and Park patent-index and the GCRindex. Moreover, some control variables are used to assess the influence of IP in a real situation. The
control variables for the first model are the innovative, the institutional quality, the green public policy,
market factors, and the location specific factors are captured using a location variable. Moreover, the
influence of a green IP policy is measured using an interaction term. The control variables for the second
model are the innovative capacity or the absorptive capacity, the infrastructure, the green public policy,
the macroeconomic environment and the institutional quality. The relationship will be tested using
mainly a fixed effects analysis, although a random effects analysis will be done in order to assess the
influence of location. The results of these analyses are presented in the next chapter.

27

4.

Results

In this section, the results of the panel analysis will be presented. This chapter consists of two parts: the
first part is on the development of sustainable innovations and includes models 1 and 2. The second part
is on the diffusion of sustainable innovations and is focused on model 3.
The analysis of every model is performed in the following way. First, the effect of the main independent
variable, being the IP index, is tested, without the control variables. Next, the control variables are added
in multiple steps (if applicable). This multiple step analysis allows dealing with missing values as
described in chapter 3 and it provides robustness checks for the results of earlier analyses.

4.1

Development of sustainable innovations

As this relationship is tested using two different datasets, the OECD data and the Orbis IP data, this
section will consist of two parts as well. First, the results of the analysis on the OECD data will be
presented, followed by the results of the analysis of the Orbis data.

4.1.1 Base model
OECD data
The first analysis done is a fixed effects estimation of the effects of IP on sustainable innovation without
taking the control variables into consideration. The results of this analysis are presented in Table 4.
Estimation 1 is the estimation in which the Ginarte and Park index is used and covers the 5-year data
from 1995 till 2015. The second estimation makes use of the IP-GCR-index and uses yearly data from
2008 till 2016.
Table 4: fixed effects estimation of the base model (OECD)

Variables
Patent index

(1)
Logvalue
0.457***
(8.23)

IP-GCR
Constant
N
R-squared

0.900***
(5.15)
584
0.127

(2)
Logvalue

0.0829**
(2.07)
1.920**
(12.71)
1195
0.004

t-statistics in parentheses
* = p < 0.1, ** = p < 0.05, *** = p < 0.01

The results show that both indexes have a positive coefficient which is significant at either the 1% level
(patent index) or the 5% level (IP-GCR). This means that IP has a positive influence on the development
of sustainable innovations, although according to the GCR-index, this influence is very small. Moreover,
there is a big difference in the R-squared between the two estimations, with a much higher R-squared in
the first estimation. This does not mean that the second estimation is bad, but it means that the results in
the first estimation are more reliable because more of the variance is explained using that estimation.
This positive relationship is also visible in a scatterplot of the IP system and the amount of sustainable
innovation (Figure 6). The black line indicates the relationship between the amount of sustainable
innovations (red) and the patent index of Ginarte and Park (red dots). The blue line represents the
relationship between sustainable innovation and the GCR-index (green dots). Both are positive, although
the IP-GCR-index-line is a bit more flat. This difference can be explained due to the fact that the IPGCR-index is a broader concept and also includes other types of IP, while the Ginarte and Park-index
is solely focused on patents, which can be considered to be the drivers for technical innovation when
speaking of intellectual property rights.
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Figure 6: scatterplot of the base model (OECD)

Orbis data
The second step is to compare the results of the analysis of the OECD-data with the results of the analysis
of the data on Y02-patents (the Orbis data). These results are presented in Table 5. Just as in the analysis
on the OECD-data, estimation one covers five-year data from 1995 onwards and estimation two covers
yearly data from 2008 till 2018 (because Orbis data is available till 2018 relative to the OECD-data
which is available till 2016).
Table 5: fixed effects estimation of the base model (Orbis)

Variables
Patent index

(1)
Logvalue
0.722***
(8.80)

IP-GCR
Constant
N
R-squared

-0.541***
(-1.78)
284
0.253

(2)
Logvalue

0.390*
(1.82)
0.575**
(0.65)
181
0.026

t-statistics in parentheses
* = p < 0.1, ** = p < 0.05, *** = p < 0.01

The results of the analysis of the Y02-patents are comparable with the results of the analysis of the
OECD-data. Both the Ginarte and Park index and the GCR-index are positively correlated with
sustainable innovations, and both are significant at either the 1% level or the 10% level. The coefficient
of the IP-GCR-variable is thus more significant in this dataset compared to the OECD-dataset, but it
must be noted that the number of observations is considerably lower, which means that the OECD-data
is more representative and is likely to give a more precise picture. On the other hand, the R-squares of
both estimations are considerably higher than in the OECD-data-analysis, indicating that these
estimations might be more reliable. Also in this analysis, the R-squared of the first estimation is higher
than the R-squared of the second estimation.
The graphical presentation of this relationship is presented in Figure 7. The fitted values line indicates
a positive relationship for both IP indexes, although the relationship between the GCR-index and
sustainable innovation is almost flat, indicating that this relationship is almost zero. This is probably due
to the amount of zero values of the logarithm of the dependent variable. The patent index shows a steeper
line, meaning that patent laws are potentially more beneficial for the amount of sustainable innovation.
In conclusion, based on the results of both analyses, there exist a clear positive and significant effect of
IP on sustainable innovation.
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Figure 7: scatterplot of the base model (Orbis)

4.1.2 First model
After analyzing the effects of IP on sustainable innovation on itself, the complete model will be tested,
which is represented by the first model:
𝑆𝐼𝑖𝑡 = 𝛽0 + 𝛽1 𝐼𝑃𝑅𝑖𝑡 + 𝛽2 𝑖𝑛𝑛𝑜𝑣𝑐𝑎𝑝𝑖𝑡 + 𝛽3 𝑔𝑟𝑒𝑒𝑛𝑝𝑢𝑏𝑙𝑖𝑐𝑝𝑜𝑙𝑖𝑐𝑦𝑖𝑡 + 𝛽4 𝑚𝑎𝑟𝑘𝑒𝑡𝑖𝑡 + 𝛽5 𝑖𝑛𝑠𝑡𝑞𝑢𝑎𝑙𝑖𝑡𝑦𝑖𝑡
+ 𝛽6 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛𝑖𝑡 + 𝑎𝑖 + 𝑒𝑖𝑡
As explained before, this model will be tested using a fixed effects estimation. However, as the locationvariable is time invariant, it is omitted from the estimation by Stata. For that reason, the effect of location
will be analyzed using a random effects model.
OECD Data
The results of the analysis of the first model on the OECD data are presented in Table 6. Estimation 1
uses the patent index variable, which means that only two years are covered: 2010 and 2015, because
for other years, the control variables are missing. However, there are still almost 200 observations, which
gives this estimation enough relevance to draw conclusions. The second estimation uses again yearly
data from 2008 till 2016.
As can be seen in the table, the results of both estimations are quite different. In the analysis with the
Ginarte and Park index, the IP variable is now negative and insignificant. However, the coefficient is
quite high relative to the other variables, which could indicate that the role of IP is higher than the role
of the other variables. Moreover, all the control variables apart from the innovative capacity variable
have a positive coefficient, and thus their expected coefficient, however, none of the coefficients is
significant.
The results of the second analysis are all positive, apart from the market variable, but not significant,
and the coefficients of the institutional quality variable and the green public policy variable are quite
similar comparing the two datasets. Also, in this estimation, the coefficient of the IP variable is relatively
high, indicating an important role for IP. The higher coefficient for the patent index variable is an
indication that patent laws are more important than the overall IP system.
The only results that differ between the estimations, are the results from the market and innovative
capacity variable. Moreover, compared with the earlier analysis of Table 4, the R-squares are a lot
smaller now, indicating that this model is not explaining a lot of the variance. This will be more deeply
discussed in the section on the limitations of this study.
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Table 6: fixed effects estimation of the first model including the control variables

Variables

(1)
Logvalue
-0.119
(-0.72)

Patent index
IP-GCR
Innovative capacity

-0.0706
(-0.35)
0.0286
(0.74)
0.107
(1.58)
0.0000694
(0.01)
1.031
(0.78)
191
0.063

Institutional quality
Market
Green public policy
Constant
N
R-squared

(2)
Logvalue

0.0635
(1.25)
0.0394
(0.48)
0.0236
(1.61)
-0.00990
(-0.50)
0.00400
(1.31)
1.929***
(5.63)
1195
0.008

t-statistics in parentheses
* = p < 0.1, ** = p < 0.05, *** = p < 0.01

The difference in the estimations is probably most likely due to the following factors. First, the
difference in the number of observations is quite big. This is because the patindex variable is only
available for every 5 year, so every year in between is not being taken into account, which means that
the coefficients for these variables are based on two years, 2010 and 2015, while the second model is
based on multiple years (2008 till 2016), because the GCR is available yearly. This might also be the
explanation for the fact that the patent index variable is negative, because between 2010 and 2015, there
is actually a decrease in the amount of green patent applications, as can be seen in Figure 8 (OECD,
2020b), as well as for the negative coefficient of the innovative capacity variable. Moreover, the patent
index variable is different from the IP-GCR-variable in the sense that the IP-GCR-variable is much
broader (although still comparable). This can ensure that the effects of the control variables are different
for both analyses.
Figure 8: the yearly development of the amount of green patents
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As stated before, the market variables differ between the estimations. The market variable was a
combined variable of all market circumstances, such as labor and financial possibilities, competitional
aspects and the market size. One would expect that when market circumstances improve, the amount of
sustainable innovation would also grow. This is not the case in the second estimation. This might either
be due to an error in the specification of the market variable, which is not very likely because in other
estimations it has the expected value, or there are market factors that actually lead to decreased
innovation. A possible explanation could be that when the market becomes bigger, more innovations
are needed. The chance of earning back these innovations will become smaller when competition
increases. This means that a lot of innovators will not be willing to take the risk, therefore, the amount
of innovations decreases.
Although none of the results is significant, the outcomes are still very relevant for this research. It shows
that what is applicable to general innovation is not applicable to sustainable innovations, and that the IP
system needs to be adjusted to positively influence the amount of sustainable innovation. The results
will be more deeply discussed in the next chapter.
Random effects estimation
Table 7 presents the results of the analysis including the location variable, which is a random effects
estimation. For every IP index, two analysis are done. One analysis is done to assess the overall impact
of location, the second analysis delves deeper into the difference between the different locations. The
base (reference) location is Europe (1). The analysis thus consists of four estimations.
The location coefficients in estimation 1 and 3 are both negative and significant, however their
coefficients are high, meaning that location is a very important factor in sustainable innovation. The fact
that the coefficients are negative is logic, since the reference location is Europe and it can be expected
that other regions, apart from North-America and possibly Oceania, develop less green technologies
than Europe. This assumption is confirmed by estimations 2 and 4, apart from the Oceania-coefficient
(6) as the location categories 3, 4 and 5, which are Latin America and the Caribbean, Africa and Asia,
are all negative and significant. Furthermore, in estimation 4, the coefficient for location 2 (NorthAmerica) is positive and significant.
Another important assessment is that both IP indexes are not significant when location is included, with
a positive coefficient for the patent index, but a negative coefficient for the GCR-index. This difference
might come from the fact that both IP indexes are different in the sense that the patent index is solely
focused on patents, which are the ultimate drivers of innovation, while the GCR-index is more broad
and also includes other intellectual property rights. This could mean that more strict patent laws are
advantageous for the amount of sustainable innovation. On the other hand, the negative IP-GCR-values
could also be a sign that too strict IPRs might lead to less innovation, thereby confirming the inverted
U-shaped relationship between IPR and innovation. Another conclusion that can be drawn is that the
coefficients of the patent index are relatively high, and thus patents might be more important for
sustainable innovation than the other variables. However, the value of the GCR-index is relatively low,
which indicates a small influence of the overall IP system. On the other hand, the results of these indexes
are insignificant, while in estimation 3 and 4 all control variables have significant coefficients, meaning
that the abovementioned determination of the role of IPRs cannot be confirmed with certainty.
Moreover, the GCR-index-analyses (estimation 3 and 4) now have all positive and significant
coefficients for the control variables (and thus have their expected values). The control variables in
estimation 1 and 2 are not significant, except for the market-coefficients, which remain positive and
significant. A surprising outcome is the low coefficient for the green public policy indicator. The
literature states that public policy is an important determinant of innovative activity, and although the
result is significant and positive, the effect is quite low. A possible explanation could be that the chosen
indicator is not well specified, or the overall effect of government policy is lower than expected.
A striking result is the high R-squares of all estimations. Moreover, the difference between the
estimations (the difference between the estimations with the patent index and the GCR-index) is not as
big as in the fixed effects analyses. This is an indication that the random effects analyses explain more
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of the variance than the fixed effects analyses. Although this might mean that the random effects model
is better suited for this study, the Hausman tests and the data show otherwise.
Table 7: random effects estimation of the first model including

Variables
Patent index

(1)
Logvalue
0.247
(1.61)

(2)
Logvalue
0.189
(1.28)

IP-GCR
Innovative
capacity
Institutional
quality
Market
Green public
policy
Location

0.138
(0.77)
0.0411
(1.35)
0.293***
(5.17)
0.00205
(0.31)
-0.248**
(-2.29)

Location 1
(Europe)
Location 2
(North-America)
Location 3
(Latin-America
and the
Carribean)
Location 4
(Africa)
Location 5
(Asia)
Location 6
(Oceania)
Constant
N
R-squared

-4.218***
(-3.84)
191
0.656

0.0478
(0.28)
0.00930
(0.31)
0.242***
(4.35)
0.00109
(0.17)

(3)
Logvalue

(4)
Logvalue

-0.0323
(-0.620)
0.244***
(2.92)
0.0642***
(4.75)
0.0601***
(3.01)
0.108***
(3.43)
-0.336***
(-5.13)

-0.296
(-0.56)
0.202**
(2.46)
0.0433***
(3.20)
0.0529***
(2.68)
0.00890***
(2.86)

Reference

Reference

1.410
(1.07)
-1.995***
(-4.59)

2.190**
(1.99)
-1.849***
(-6.40)

-2.423***
(-5.44)

-2.437***
(-9.17)

-0.818*
(-1.76)
-0.287
(-0.30)
-2.092*
(-1.87)
191
0.700

-1.158***
(-4.32)
0.345
(0.44)
1.465***
(3.82)
1195
0.566

0.952***
(2.36)
1195
0.516

t-statistics in parentheses
* = p < 0.1, ** = p < 0.05, *** = p < 0.01

Orbis data
The results of the fixed effects analysis of the Orbis data are presented in Table 8. In both estimations,
the coefficient for the IP index is positive, however, in the first estimation, the result is significant, while
in the second estimation the coefficient is not significant. In the OECD-data-analysis, none of the IP
indexes were significant and the patent index coefficient was negative. These differences might come
from the fact that both databases differ in coverage and amount of observations. The main difference
for the amount of observations is due to the inclusion of zero-values in the OECD-data, while these
values are not present in the Orbis data. The coverage differs because the countries covered in both
databases are only partially the same. Moreover, the Orbis data is relatively focused on European
countries, since 50% of the observations is from Europe, relative to the 30% of the OECD-data. These
differences might also explain the other differences between the analyses of the datasets, which are
discussed next.
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Another conclusion that can be drawn from these estimations is that the patent index-variable seemingly
has a big influence on the amount of sustainable innovation, while the GCR-index is having a relatively
moderate influence on sustainable innovation. This is comparable with the analysis of the OECD-data.
Table 8: fixed effects estimation of the first model

Variables
Patent index

(1)
Logvalue
0.394*
(1.74)

IP-GCR
Innovative capacity
Institutional quality
Market
Green public policy
Constant
N
R-squared

0.0960
(0.37)
0.0644*
(1.76)
-0.0315
(-0.38)
0.00545
(0.86)
3.560
(1.51)
83
0.222

(2)
Logvalue

0.0793
(0.75)
0.152
(0.89)
0.0704***
(2.84)
-0.0591
(-1.59)
0.00518
(1.03)
4.518***
(5.07)
255
0.059

t-statistics in parentheses
* = p < 0.1, ** = p < 0.05, *** = p < 0.01

The first estimation, being the analysis with the Ginarte and Park index, shows that except for the market
variable, all variables have positive coefficient, and the coefficient of institutional quality is significant.
The innovative capacity value thus differs, as the value changed from negative to positive, and now has
its expected value. The other results did not change significantly, and therefore, the results are fairly
comparable.
The second estimation shows a negative coefficient for the market factor, which is a returning
phenomenon, while the rest of the variables has a positive coefficient, with a significant coefficient for
institutional quality. This is different from the OECD-data-analysis, in which none of the variables was
significant. This estimation is thus fairly comparable with the OECD-data analysis.
In this analysis too, the R-squared is much higher for the first estimation than for the second estimation,
meaning that the first estimation yields more reliable results.
Random effects estimation
In order to be able to assess the influence of location, a random effects estimation is done. The results
are presented in Table 9. In estimation 1 and 2, the Ginarte and Park index has a positive coefficient
which is significant. Moreover, the values of these indexes are relatively high compared to the values of
the other variables, which means that it is an important determinant. In estimation 3 and 4, the overall
IP index has a negative and insignificant value. However, in these estimations, the value of the IP
indexes are really low, which indicates a minor role for IPRs. These results are very comparable with
the OECD-data-analysis, with only minor changes to the value of the coefficients.
The random effects regression was mainly performed to assess the influence of location on sustainable
innovation. As can be seen in the table, in estimation 1 and 3, the location variables are positive and
insignificant (and significant in estimation 3), with both a relatively mediocre coefficient. This means
that location is an important factor, but not the most important one. The positive values are not logic,
since the reference category is Europe and it is expected that apart from location 2 (North-America) and
maybe 6 (Oceania), there will be less sustainable innovation in the other regions, so one would expect a
negative value. If the location categories are specified in the model (estimation 2 and 4), it can be seen
that most regions have their expected value, apart from location 5, which is Asia. This value is significant
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in estimation 2 and insignificant in estimation 4. This might be due to the fact that there is relatively
much data available for highly-developed Asian countries such as Japan and South-Korea in the Orbis
dataset. In the OECD-data-analysis, this category has a negative value, which might be due to a more
balanced dataset with regard to the countries and because the number of observations is higher.
Compared with the analyses of the OECD-data, the results are quite similar with regard to location, with
relatively high coefficients and similar significance levels and values. The main differences are the
following. First, the location variable in estimation 1 is insignificant relative to the OECD-data, and
second, with regard to the significance of certain coefficients, in estimation 2, location category 4 is not
significant anymore, and in estimation 4, location category 3 and 5 loses significance. Furthermore the
significance levels all decreased. These results indicate the location is an important factor.
With regard to the other variables, in estimation 1 the innovative capacity and the market variable are
significant and in estimation 2 the market variable is significant too. This is different from the analysis
of the OECD-data, in which the innovative capacity variable was insignificant in estimation 1. The value
of the variables did not change significantly, and with regard to significance levels this is comparable to
the OECD-data-analysis.
Table 9: Random effects estimation of the first model

Variables
Patent index

(1)
Logvalue
0.867***
(3.91)

(2)
Logvalue
0.749***
(3.44)

IP-GCR
Innovative
capacity
Institutional
quality
Market
Green public
policy
Location

0.439**
(2.20)
0.00866
(0.26)
0.189**
(2.14)
0.00677
(0.97)
0.0794
(0.64)

Location 1
(Europe)
Location 2
(North-America)
Location 3
(Latin-America
and the
Carribean)
Location 4
(Africa)
Location 5
(Asia)
Location 6
(Oceania)
Constant
N
R-squared

-5.074***
(-2.79)
83
0.575

0.252
(1.27)
0.0144
(0.35)
0.145*
(1.90)
0.00825
(1.22)

(3)
Logvalue

(4)
Logvalue

-0.0107
(-0.09)
0.685***
(4.19)
0.0823***
(3.27)
0.0408
(0.99)
0.0125**
(2.24)
0.00423
(0.04)

-0.00875
(-0.08)
0.571***
(3.46)
0.0773***
(3.05)
0.0361
(0.88)
0.0132**
(2.37)

Reference

Reference

1.584
(1.62)
-1.018*
(-1.71)

2.365***
(2.19)
-0.598
(-1.12)

-1.273
(-1.53)

-1.341*
(-1.88)

0.900*
(1.70)
-0.210
(-0.16)
-2.704
(-1.44)
83
0.615

0.506
(1.09)
-0.476
(-0.44)
0.431
(0.51)
255
0.506

-0.120
(-0.14)
255
0.500

t-statistics in parentheses
* = p < 0.1, ** = p < 0.05, *** = p < 0.01
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The outcome for the innovative capacity variable is comparable among the datasets, with a strongly
positive value which is significant in estimation 3 and 4, as is the case for the OECD-data. Furthermore,
in estimation 3 and 4, the market variable is insignificant, and positive. Compared with the OECD-dataanalysis, the Orbis-data-analysis shows no significance. Lastly, with regard to the green public policy
variable, these results are similar among the two analyses, with only minor changes in the coefficients.
With regard to the R-squared, the values are high, just as for the random effects analysis on the OECDdata, and the differences among the estimations are relatively small.
In conclusion, the main outcomes are similar among the two analyses. The main differences lie in the
location variable. These differences are likely due to the fact that both datasets differ in coverage and
number of observations, as explained above. The difference in the number of observations is due to the
inclusion of zero variables in the OECD-database; if a country did not develop any green patents, it is
given a value of 0. The Orbis database does not have 0 values, as only the number of real patents are
counted. The results on the control variables are nearly the same, and also the values and for the IP
indexes are similar.

4.1.3 Second model
The second model investigates the influence of the introduction of the green patent in 2015. This is done
by using an interaction effect between the IP index and the green patent dummy, which takes the value
0 if the Y02-tag did not yet exist (before 2015) and the value 1 after 2015, when the Y02-tag came into
existence. The model is the same as the first model, but the interaction term is added:
𝑆𝐼𝑖𝑡 = 𝛽0 + 𝛽1 𝐼𝑃𝑅𝑖𝑡 + 𝛽2 𝑖𝑛𝑛𝑜𝑣𝑐𝑎𝑝𝑖𝑡 + 𝛽3 𝑔𝑟𝑒𝑒𝑛𝑝𝑢𝑏𝑙𝑖𝑐𝑝𝑜𝑙𝑖𝑐𝑦𝑖𝑡 + 𝛽4 𝑚𝑎𝑟𝑘𝑒𝑡𝑖𝑡 + 𝛽5 𝑖𝑛𝑠𝑡𝑞𝑢𝑎𝑙𝑖𝑡𝑦𝑖𝑡
+ 𝛽7 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛𝑖𝑡 + 𝛽7 𝑔𝑟𝑒𝑒𝑛𝑝𝑎𝑡𝑒𝑛𝑡𝑖𝑡 + 𝛽8 𝐼𝑃𝑅 ∗ 𝑔𝑟𝑒𝑒𝑛𝑝𝑎𝑡𝑒𝑛𝑡𝑖𝑡 + 𝑎𝑖 + 𝑒𝑖𝑡
OECD data
The results of the analysis of the introduction of the Y02-patents are presented in Table 10. First, an
analysis with solely the IP index and the interaction effect was performed.
Table 10: fixed effects estimation on the role of the Y02-patent using OECD data

Variables
Patent index

(1)
Logvalue
0.683***
(6.48)

IP-GCR
Greenpatent (0)
Greenpatent (1)
Patent index × Greenpatent
(0)
Patent index × Greenpatent
(1)
IP-GCR × Greenpatent (0)
IP-GCR × Greenpatent (1)
Constant
N
R-squared

Reference
0.904***
(2.12)
Reference

(2)
Logvalue

0.0919**
(2.20)
Reference
0.0183
(0.18)

-0.132
(-1.17)

0.782**
(2.32)
407
0.211

Reference
-0.00969
(-0.39)
1.891***
(12.11)
1195
0.005

t-statistics in parentheses
* = p < 0.1, ** = p < 0.05, *** = p < 0.01
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Both IP indexes are positive and significant, with a really high value for the patent index variable and
also the GCR-index is relatively high, indicating that IP is important in the relationship between IP and
sustainable innovation.
The green patent variable is positive in both estimations, and significant in only the first estimation. This
means that compared to the reference category, which means no green patents, the amount of sustainable
innovations increased after the introduction of the green patents. If, however, this green patent tag is
linked with the IP system, with which a green IP indicator is created, the results are negative. Moreover,
these results are insignificant. This means that this specific IP policy did not increase the amount of
sustainable innovation, but decreased it. Furthermore, the values of the interaction terms are small, so
the green patent tag has a minor influence on sustainable innovation. Lastly, the R-squared of the first
estimation is relatively high, compared wit the very low R-squared of the second estimation. This is a
returning trend in this study. The first estimation is might be more reliable than the second estimation,
although the number of observations is a lot smaller.
This view is confirmed by the analysis including all the control variables except the location variable,
which is presented in Table 11. Estimations 1 and 3 present a fixed effects estimation without the
location variable, while estimations 2 and 4 present a random effects estimation with the location
variable.
The interaction effect of the first estimation is positive, as one would expect, but not significant, while
the interaction effect of the third estimation is negative, while also insignificant. The differing
coefficients can again stem from the fact that the patent index-variable and the IP-GCR-variable cover
both different grounds (although similar), and that patent laws are incentivizing sustainable innovation.
However, as the results are not significant, this is not a conclusion that can be drawn with certainty.
Moreover, it can be seen that both IP indexes are insignificant, indicating that no significant relationship
exists between a green IP system and sustainable development. Also, the values of the interaction terms
are relatively small, so it can be concluded that the role of the green patents is not as big as the other
variables on sustainable innovation.
Furthermore, the values of the IP indexes are comparable with the values of the fixed effects estimation
of the first model, with a negative value for the patent index and a positive value for the GCR-index.
Moreover, in all the estimations, the value of the IP indexes is relatively high, indicating an important
role of IP, although the direction of their influence thus differs.
The addition of the location variable using a random effects estimation does not change the outcome
that the interaction term in both estimations is insignificant. Only the coefficient of the interaction terms
increased to the case where now both interaction terms show positive coefficients. This might indicate
a positive effect of the green patent tag, although since the results are insignificant, this conclusion
cannot be drawn with certainty. Moreover, the coefficient of patent index is positive, but still
insignificant, and the coefficient of GCR-index is negative and still insignificant. This is similar to the
results of the random effects estimation of the first model. Also in these estimations, the R-squares for
the fixed effects estimations are relatively low and the R-squares for the random-effects estimations are
really high, and the estimations using the patent index have higher R-squares than the estimations using
the GCR-index, indicating that the patent index-analyses and the random effects analyses explain more
of the variance compared to the other analyses.
Orbis IP
The second model is also tested using the Orbis IP data. The results of these tests are presented below.
First, an analysis was done using only the IP index and the interaction term. The results of this analysis
can be found in Table 12.
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Table 11: Estimation of model 2 including control variables using OECD data

Variables
Patent index

(1)
Logvalue
-0.167
(-0.90)

(2)
Logvalue
0.133
(0.79)

(3)
Logvalue

(4)
Logvalue

0.0692
(1.33)
0.0511
(0.61)
0.0219
(1.45)
-0.0113
(-0.57)
0.00407
(1.33)
Reference
0.00158
(0.02)

-0.0234
(-0.44)
0.214**
(2.52)
0.0416***
(2.99)
0.0533***
0.00911***
(2.91)
Reference
-0.0585
(-0.53)

Reference

Reference

-0.00478
(-0.18)
Reference

0.00806
(0.29)
Reference

1.372
(1.04)
-1.942***
(-4.45)

2.174**
(1.99)
-1.839***
(-6.42)

-2.367***
(-5.27)

-2.428***
(-9.20)

-0.813*
(-1.75)
-0.319
(-0.34)
-2.152*
(-1.89)
191
0.719

-1.157***
(-4.35)
0.331
(0.42)
1.391***
(3.61)
1195
0.592

IP-GCR
Innovative
capacity
Institutional
quality
Market
Green public
policy
Greenpatent (0)
Greenpatent (1)
Patent index ×
Greenpatent (0)
Patent index ×
Greenpatent (1)
IP-GCR ×
Greenpatent (0)
IP-GCR ×
Greenpatent (1)
Location 1
(Europe)
Location 2
(North-America)
Location 3
(Latin-America
and the
Carribean)
Location 4
(Africa)
Location 5
(Asia)
Location 6
(Oceania)
Constant
N
R-squared

-0.0773
(-0.32)
0.0390
(0.91)
0.120
(1.64)
0.0000501
(0.01)
Reference
-0.234
(-0.76)
Reference

0.0907
(0.45)
0.00889
(0.27)
0.247***
(4.23)
0.00135
(0.20)
Reference
-0.346
(-1.15)
Reference

0.0657
(0.72)

0.0828
(0.94)

0.935
(0.69)
191
0.0698

1.901***
(5.48)
1195
0.00848

t-statistics in parentheses
* = p < 0.1, ** = p < 0.05, *** = p < 0.01

We can see that both the patent index-variable and the IP-GCR-variable are positive and significant, just
as in the OECD-data-analysis. In estimation 1, the interaction term is negative and significant, while the
interaction term in the second estimation is also negative, but not significant. This means that only for
the patent index of Ginarte and Park, the Y02-tag has a significant relationship. Moreover, the R-squared
of estimation 1 is much higher than the R-squared of estimation 2, thereby showing similar results as
we have seen earlier.
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This relationship is visually presented in Figure 9. In this figure, it can be seen that without the Y02-tag
(greenpatent = 0), there is an increase in the amount of sustainable innovations as Patindex increases.
However, the Y02-tag seems to be less incentivizing sustainable innovation for higher patent indexes.
Table 12: Fixed effects estimation on the role of the Y02-patent using Orbis data

Variables
Patent index

(1)
Logvalue
0.717***
(8.42)

IP-GCR
Greenpatent (0)
Greenpatent (1)
Patent index × Greenpatent
(0)
Patent index × Greenpatent
(1)
IP-GCR × Greenpatent (0)
IP-GCR × Greenpatent (1)
Constant
N
R-squared

Reference
4.726**
(2.14)
Reference

(2)
Logvalue

0.530**
(2.44)
Reference
-0.196
(-0.40)

-1.093**
(-2.12)

-0.547*
(-1.78)
284
0.269

Reference
-0.0184
(-0.17)
0.0672
(0.08)
181
0.076

t-statistics in parentheses
* = p < 0.1, ** = p < 0.05, *** = p < 0.01

A possible explanation for this outcome could be that the growth of the amount of sustainable
innovations decreased in the last years, and that does coincide with the implementation of this new
tagging scheme, as Figure 8 of the OECD shows (OECD, 2020b). Regarding the value of the interaction
term, the values are smaller than the other variables in the model, which means that the role of the
interaction term is minor.
Figure 9: interaction plot of the interaction between the green patent policy and the patent index
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Next, the analysis including the control variables is done. The results of this analysis are presented in
Table 13. This table consists of four estimations. Estimation 1 and 3 are fixed effects estimations without
the location variable, while estimation 2 and 4 are random effects with the location variable.
Table 13: Estimation of model 2 including the control variables using Orbis data

Variables
Patent index

(1)
Logvalue
0.534***
(2.26)

(2)
Logvalue
0.814***
(3.48)

(3)
Logvalue

(4)
Logvalue

0.496**
(2.22)
0.0450
(0.11)
0.124**
(2.18)
-0.0565
(-0.76)
0.00781
(0.69)
Reference
-0.359
(-0.72)

-0.126
(-0.65)
-0.388
(-1.39)
-0.000300
(-0.01)
0.100
(1.62)
0.00235
(0.24)
Reference
0.121
(0.23)

Reference

Reference

0.0410
(0.35)
Reference

-0.0508
(-0.42)
Reference

1.542
(1.58)
-1.054*
(-1.77)

0.369
(0.44)
-1.055**
(-2.33)

-1.172
(-1.40)

-1.878***
(-3.28)

0.766
(1.44)
-0.167
(-0.13)
-2.901
(-1.55)
83
0.627

-1.043**
(-2.34)
-1.652
(-1.56)
2.444**
(2.01)
181
0.249

IP-GCR
Innovative
capacity
Institutional
quality
Market
Green public
policy
Greenpatent (0)
Greenpatent (1)
Patent index ×
Greenpatent (0)
Patent index ×
Greenpatent (1)
IP-GCR ×
Greenpatent (0)
IP-GCR ×
Greenpatent (1)
Location 1
(Europe)
Location 2
(North-America)
Location 3
(Latin-America
and the
Carribean)
Location 4
(Africa)
Location 5
(Asia)
Location 6
(Oceania)
Constant
N
R-squared

0.340
(1.20)
0.0368
(0.96)
-0.0506
(-0.61)
0.00342
(0.54)
Reference
0.255
(0.34)
Reference

0.479**
(2.13)
-0.0162
(-0.47)
0.117
(1.57)
0.00697
(1.06)
Reference
-0.355
(-0.44)
Reference

-0.0986
(-0.54)

0.0379
(0.20)

2.757
(1.19)
83
0.315

0.501
(0.27)
181
0.116

t-statistics in parentheses
* = p < 0.1, ** = p < 0.05, *** = p < 0.01

In none of the estimates, the interaction effect between greenpatents and the IP indexes are signficant,
indicating no significant relationship between the green patent policy and sustainable innovation.
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Furthermore, the values of the interaction effect are relatively modest, indicating that this policy only
has minor influence on the amont of sustaianble innovations. However, the patent index variable is
positive and significant at the 1% and 5% level in estimation 1 and 2, and the IP-GCR-variable is positive
and significant at the 5% level in estimation 3. This significance level of the IP-GCR-variable vanishes
in the fourth estimation, in which the value of this variable also becomes negative. However, as the
random effects estimation is mainly used to assess the effect of location, this is not truly decisive for the
conclusion of this model. Furthermore, in all estimations, the value of the IP indexes is high. This again
is a sign that IP might be an important factor in sustainable innovation.
With regard to the other variables, hardly any control variable is significant, apart from innovative
capacity in estimation 2 and institutional quality in estimation 3. The R-squares of these estimations
show different outcomes in the fixed effects estimations (estimations 1 and 3). In these estimations, the
R-squares are a lot higher compared to the R-squares of the first model. This indicates that the inclusion
the interaction term leads to a better fit of the model. The R-squares of the random effects estimations
are higher than those of the fixed effects estimations, but the R-squared of estimation 4 shows
signficantly lower values compared to the other random effects estimations. This means that the
inclusion of the interaction term leads to a worse fit of the model.
Compared to the results of the analysis of the OECD-data, there are a few differences. The first and most
important one is that in the OECD-data-analysis, the IP indexes are all insignificant, while in the Orbis
data-analysis, apart from estimation 4, all IP indexes are positive and significant. On the other hand, the
relative value of the IP indexes in all estimations for both datasets is high. The second difference is that
in the Orbis data-analysis, the institutional quality is a significant contributor in the third estimation,
being the only control variable for all fixed effects estimations that is significant. Also, the location
variable shows more significance in the OECD-data-analysis. Lastly, the R-squares of the fixed effects
analyses of the Orbis data are higher than those of the OECD-data, but the R-squares on the random
effects analyses are lower. These differences might stem from the fact that the number of observations
in the second analysis is lower, and from the fact that the Orbis database is different than the OECDdatabase, as explained earlier.
Similarities between the two analyses is that the interaction effect in neither is significant, indicating
that the Y02-tag did not significantly influence the number of green patents. Moreover, most of the
values are relatively similar with regard to the direction of the values. The only differences are the
innovative capacity in estimation 1 and 4, which are completely the other way around in the OECDestimations, the institutional quality variables, which are now negative in the random effects estimations
and the market variables, which are now negative in the fixed effects estimations.

4.2

Diffusion of sustainable technologies

In this section, the results of the analysis of the third model will be presented. The third model explores
the relationship between the IP system of a country and the diffusion of sustainable technologies, which
is measured using two different variables: the amount of patent diffusion (patdiffusion) and the amount
of technology diffusion (totaltrade). The third model was specified as follows:
𝑆𝐼𝑖𝑡 = 𝛽0 + 𝛽1 𝐼𝑃𝑅𝑖𝑡 + 𝛽2 𝑖𝑛𝑛𝑜𝑣𝑐𝑎𝑝𝑖𝑡 + 𝛽3 𝑔𝑟𝑒𝑒𝑛𝑝𝑢𝑏𝑙𝑖𝑐𝑝𝑜𝑙𝑖𝑐𝑦𝑖𝑡 + 𝛽4 𝑖𝑛𝑓𝑟𝑎𝑠𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑒𝑖𝑡
+ 𝛽5 𝑖𝑛𝑠𝑡𝑞𝑢𝑎𝑙𝑖𝑡𝑦𝑖𝑡 + 𝛽6 𝑒𝑐𝑜𝑛𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑖𝑡 + 𝑎𝑖 + 𝑒𝑖𝑡

4.2.1 Technology diffusion by patents
First, the relationship between the IP system and green patent diffusion will be explored. A fixed effects
estimation between patent diffusion and IP is done and the results are presented in Table 14. Estimation
1 consists of patent diffusion data from the period 2008 till 2018, while estimation 2 is based on 5-year
data from 1995 onwards.
As is clear from the analysis, the coefficient of the patent index is positive and significant and the
coefficient of the GCR-index is negative and insignificant. The direction of these coefficients was also
a common fact in the part on the development of sustainable innovations. The fact that the general IP
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index has a negative coefficients is unexpected, as one can assume that a more protective IP system
(thus a higher IP index) would lead to more patents being ‘imported’ to that country. The positive and
significant patent law variable might be proof that patent laws are really important for the diffusion of
patents, which can be expected. On the other hand, the negative value of the GCR-index might be proof
for an inverted U-curve, which indicates that too much protection is not beneficial for the diffusion of
patent laws. Lastly, the stronger the IP system, the more expensive an application might be, which leads
to less patent diffusions to stricter IP regimes. The positive and significant relationship between the
patent index and patent diffusion is presented graphically in Figure 10. The R-squares of both
estimations are relatively low, with a higher R-squared for the first estimation.
Table 14: fixed effects estimation of model 3 using patent diffusion data

Variables

(1)
Logpatdiffusion
0.218***
(3.24)

Patent index
IP-GCR
Constant

2.077***
(9.28)
584
0.022

N
R-squared

(2)
Logpatdiffusion

-0.0944
(-1.63)
2.108***
(10.19)
1059
0.003

t-statistics in parentheses
* = p < 0.1, ** = p < 0.05, *** = p < 0.01
Figure 10: scatterplot of the third model on patent diffusion

These conclusions can also be partially drawn if the analysis is performed with the control variables, for
which the results are presented in Table 15. In both estimations, the IP index coefficients is negative and
insignificant, which is different than the earlier analysis. However, both values are relatively high,
indicating that IPRs are important in the process of patent diffusion.
Moreover, in estimation 2, the institutional quality seems to be an important determinant for the
diffusion of patents as the coefficient is positive and significant. In estimation 1, this coefficient is only
positive. Furthermore, the economic environment plays a significant positive role in this process
according to estimation 2, but negatively affects patent diffusion in estimation 1. An explanation for this
is that between 2010 and 2015, especially in Europe, an economic crisis was happening, and this likely
affects the result of the economic environment variable in estimation 1, which is based on the years 2010
and 2015, while it is less likely to affect the same variable in estimation 2 since that analysis is done
over the years 2008 till 2018. Moreover, the green public policy variable in estimation 2 is negative,
which is unexpected, although the value is very low and insignificant. A negative value is not necessarily
unlogic, as the patent system (and thus patent diffusion) and environmental policy might not be directly
related. Moreover, a more green-oriented public policy might include a stimulation of locally-produced
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green technologies, thereby disabling the spread of foreign patents because local patents are being
treated in a more beneficial way. The R-squared in the first estimation increased a lot compared to the
analyses without the control variables. This means that adding the control variables made the model a
better fit, as more of the variance is explained. The same applies to the second estimation, although the
R-squared is still relatively low.
Table 15: fixed effects regression of model 3 using patent diffusion data, including control variables

Variables

(1)
Logpatdiffusion
-0.894
(-1.31)

Patent index

(2)
Logpatdiffusion

IP-GCR
Innovative capacity
Institutional quality
Macroeconomic environment
Green public policy
Infrastructure
Constant
N
R-squared

-1.316
(-1.52)
0.446
(1.68)
-0.0125
(-0.02)
0.0372
(0.57)
0.786
(1.49)
6.001
(1.52)
79
0.264

-0.105
(-1.39)
-0.136
(-1.17)
0.0872***
(3.66)
0.0645*
(1.67)
-0.00480
(-1.04)
0.0511
(0.83)
2.259***
(6.43)
1059
0.026

t-statistics in parentheses
* = p < 0.1, ** = p < 0.05, *** = p < 0.01

4.2.2 Technology diffusion by trade
The use of data on trade of sustainable technologies gives different insights, as can be seen from Figure
9 and Table 16. Figure 11 presents the relationship between the IP indexes and the technology diffusion.
These relationships are positive, contrary to the relationship between the GCR-index and patent
diffusion, which is negative. Figure 11 indicates for both indexes a positive correlation between IP and
green technology trade. This effect is stronger when only looking at patent laws. This is also logic, since
patent laws specifically protect the technologies.
Figure 11: relationship between IP and technology diffusion by trade
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The results of the statistical analysis show that the patent index variable is indeed positively and
significantly correlated at the 1% level with the amount of technology diffusion, meaning that a higher
index leads to more trade. Moreover, also the IP-GCR-variable has a (slightly less) positive coefficient,
however, this relationship is not significant. These results thus confirm the relationship from Figure 11,
but only for the patent index. The R-squares are relatively low, and again we see a higher R-square for
the first estimation with the patent index, meaning that this estimation is slightly more reliable.
Table 16: Fixed effects estimation of model 3 using trade data

Variables

(1)
Logtotaltrade
0.740***
(4.22)

Patent index
IP-GCR
Constant

15.32***
(26.08)
344
0.073

N
R-squared

(2)
Logtotaltrade

0.141
(1.55)
17.33***
(50.08)
1194
0.002

t-statistics in parentheses
* = p < 0.1, ** = p < 0.05, *** = p < 0.01

Adding the control variables changes these outcomes (Table 17). In both estimations, the IP indexes are
still positive, but the patent index variable now has become insignificant. The value of the patent index
is relative to others mediocre, but the value of the IP-GCR-variable is relatively high, indicating a
relatively important role for IPRs.
Table 17: fixed effects estimation of model 3 using trade data, including control variables

Variables
Patent index

(1)
Logtotaltrade
0.0289
(0.13)

IP-GCR
Innovative capacity
Institutional quality
Macroeconomic environment
Green public policy
Infrastructure
Constant
N
R-squared

0.462**
(2.19)
0.0268
(0.59)
-0.0297
(-0.26)
0.00314
(0.30)
0.131
(0.86)
16.22***
(18.05)
82
0.253

(2)
Logtotaltrade

0.0607
(1.21)
0.0220
(0.28)
0.0280**
(1.98)
0.0213
(0.77)
0.00394
(1.10)
0.246***
(6.05)
16.47***
(66.49)
1031
0.070

t-statistics in parentheses
* = p < 0.1, ** = p < 0.05, *** = p < 0.01

Furthermore, the innovative capacity is positive in both estimations, and significant in estimation 1. In
estimation 1 and 2, the coefficient of institutional quality is positive, but only significant in estimation
2. With regard to the economic environment, both the estimations show different, but insignificant signs,
namely a negative sign in the first and a positive sign in the second. As explained earlier, the negative
sign in the first estimation might be the consequence of the economic crisis between 2010 and 2015 (and
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this estimation is based on the years 2010 and 2015). The green public policy variable is positive, which
is expected, but insignificant and the value is low. Lastly, the infrastructure is positive, and only
significant in the second estimation. The positive sign is the expected sign, moreover, the value is really
high, which does point to the important role of infrastructure in trade. The addition of the control
variables leads in this case to higher R-squares too, meaning that the control variables ensure a better fit
of the model and more reliable results, although the R-squared of the second estimation is still very low.
The complete model thus suggests that a positive, but insignificant correlation exists between IP and the
diffusion of sustainable innovations. This conclusion is similar as the conclusion for the patent diffusion
analysis. However, patent diffusion and technology diffusion via trade are two different, hence the
reason why the coefficients for the IP variables differ and why the control variables have different values
and significances.

4.3

Summary of the results

In this chapter, the results of the econometric analysis of the three models of this study are presented
and explained. Regarding the development of sustainable innovation (model 1 and 2), patent laws seems
to be positively correlated with sustainable innovation, and in most cases this correlation is significant.
Furthermore, the role of patent laws is relatively big compared to the other variables that are included
in the model. The role of the overall IP index (the GCR-index) is much more modest and much more
indecisive. In some cases, the IP variable showed positive and/or significant values, while in other cases,
it showed negative and/or insignificant results. Compared to the values of the control variables in the
models, this index was not as important as most other variables. These results indicate that patent laws
specifically are important, but that the overall IP system plays a minor role. The conclusion on the patent
laws must be treated carefully, though, because the number of observations is significantly lower. This
will be discussed more deeply in the next chapter.
To assess the influence of green IP policies, model 2 consisted of a green IP indicator (the interaction
term). This indicator did not seem to yield any significant results when the entire model was used. In
some cases the results were positive and in other cases the results were negative. Applicable to all the
interaction terms is their low value, meaning that the green patent-tag had a minor influence on the
amount of sustainable innovation.
Assessing the results of the third model, there is a difference between patent diffusion and technology
diffusion with regard to the role of IP. The IP system is seemingly having a negative influence on patent
diffusion, indicating that the higher the IP-rank, the less patent diffusion there is, although the patent
index was positive and significant in the first analysis. This is not what was expected, but can be
explained by the fact that costs will increase or that there is an inverted U-curve relationship that claims
that too much protection is not beneficial at all. The role of IP is relatively big compared to the other
variables that were included in the model indicating that IP might actually be really important. However,
the results are mostly insignificant, meaning that this conclusion cannot be drawn with certainty.
Looking at technology diffusion, the IP system does have a positive influence on it, although this
influence is minor compared to other variables, but not negligible. However, also these results are
insignificant, meaning that we cannot draw any definite conclusions on the relationship between IP and
the diffusion of sustainable technologies.
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Chapter 5: Discussion and conclusion
In the last chapter, the results from the econometric analysis will be discussed. Moreover, suggestions
for future research are given, the limitations of this study will be discussed and this chapter will be
closed off with a conclusion.

5.1

Discussion

5.1.1 First and second model
To recall, the hypothesis 1a of this thesis stated that IP incentivize sustainable innovation, because it
does so for general innovation. This hypothesis was based on the literature surrounding the working of
IPRs.
The results of the empirical analysis show a few important insights with regard to the literature. First,
patent rights are an important driver of sustainable innovation. This conclusion can be drawn when
assessing multiple analyses. However, the role of IP in general is much more modest and the results are
indecisive on whether this relationship is positive or negative. Both these questions can be led back to
the literature. Important aspects in the literature were the undecided role of IP – does it really contribute
to innovation? – and the existence of the inverted U-curve, which stated that up to a certain threshold,
developing IP systems will yield more innovation, but after that threshold, the amount of innovation will
decrease because the rules are too strict in that case.
The analyses of the relationship between IP and sustainable innovation confirms the ongoing discussion
on whether IP truly incentivizes innovation, since in some analyses, the IP system (including the patentsystem) was a positive, significant, and important factor, while in other analyses, this relationship was
insignificant and/or negative, depending on which control variables were used. The most striking result
was the fact that the patent system seems to be strongly positively correlated with sustainable innovation,
while the IP in general was not; some analyses even showed a negative relationship.
A possible explanation for this is that the patent index is solely focused patents relative to the overall IP
index. Patents are the sort of IPRs that are solely focused on innovations. As the literature suggests, for
example IRENA (2013b) and Derzko (1996), patents play an important role in sustainable innovations
because they stimulate innovation, which means that stronger patent protection would lead to more
(sustainable) innovation. The general IP system is focused on a broader range of applications, and this
might have a mitigating effect on the role of IP. For example, the IP system also includes design rights
and copyrights, and these rights also play a role on innovations. If these other rights are less protective
than the patent rights, this probably is an important mitigating factor for the entire IP system. This could
explain the difference between the patent index and the general IP index of the Global Competitiveness
Report in cases where the effect of the patent-index was stronger than the effect of the IP system.
The cases where the patent-index was positive and the IP index was negative, can be explained using
the inverted U-curve. In the base model, using only the patent index as the independent variable, there
was a strong and significant relationship. This analysis was done on the time period 1995-2015. In this
period, the TRIPS-agreement came into effect, which led to a worldwide strengthening of the IP systems
of all countries (Figure 12). It could be said that in these years, we were in the lower parts of the inverted
U-curve, which means that developing IP systems would lead to more innovation, and also to more
sustainable innovation. This growth in sustainable innovations is clear from Figure 8. However, as the
years progress, the growth in sustainable innovations seem to be stagnating, while the IP system keeps
growing, as can be seen in Figure 13, that shows the development of the GCR-index in the years 20082016. This could mean that the inverted U-curve is also existent for sustainable innovations, since
stronger IP systems do not lead to more sustainable innovations anymore.
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Figure 12: worldwide development of patent laws

Figure 13: worldwide development of IP laws

The second model tried to investigate whether the IP system is currently designed to promote sustainable
innovations. The conclusion of the literature was that this is currently not the case and thus that the IP
system is not incentivizing sustainable innovation specifically. The results on the green patent-tag,
which was used as a proxy for a green IP system, confirms this standpoint in the literature, although
Rimmer (2011) argued that introducing new databases on innovations might lead to increased
development of green technologies. The way this could work out is that the publicity around a certain
inventor would become more positive when that inventor could prove that he spend more time and
money to green technologies and climate change mitigation. However, it can be expected that a green
patent tag should not have led to more sustainable innovation. After all, patent databases are only used
by people interested in green patents and small inventions hardly reach the public, so it is not expected
that the general public will know these inventions. The gains for inventors are thus really small and
uncertain, so the green patent indicator is expected to be of small importance. All the interaction terms
also showed low values, confirming this statement. The negative values can be explained if there are
some additional requirements that need to be met before a patent could be qualified as a sustainable
innovation. This could indicate that there are higher costs, higher patentability requirements or a more
time-consuming application process, which does not stimulate innovation. However, whether this is
truly the case, is uncertain.
A last remark regarding the results is on the inconsistency of the significance levels. In some cases, the
IP indexes were significant, while in other cases, especially when the full model, including all control
variables, was used, the IP indexes were insignificant. This does not mean that the relationship does not
exist, but simply that we cannot say with certainty that this relationship is truly presented by the way it
is estimated in the regressions. However, it can mean that there is a special feature of sustainable
innovations that ensures that the estimated relationship is uncertain. For example, the patent systems are
currently clearly not designed to stimulate the development and diffusion of these technologies. It is
thus clear that sustainable innovations are not the same as general innovations, and that needs to be taken
into account when designing new IP policies.

5.1.2 Third model
The third model investigated the role of IP in technology diffusion via two channels: patent diffusion
and technology trade. The literature suggested that IP can influence technology diffusion in a negative
and positive way, although the evidence for a positive relationship was more convincing and wider
available. This is also the case for sustainable innovation, as the literature suggests.
The results on patent diffusion show different outcomes. Although the first analysis showed a positive
and significant relationship between the patent index and green patent diffusion, the other results
indicate a negative relationship. This is an unexpected outcome, because the higher the value of the IP
index, and thus a stronger IP system, the more likely it is that a patent holder will also seek protection
in that country. This can be explained by considering the increased costs of a patent application or a
longer application process in stronger IP regimes. This will exclude a lot of patent holders from applying
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for patent protection, as it is not worth it paying a high application fee or going through a timeconsuming or strict application process for the patents. Moreover, maybe a similar trend as for the
development of (sustainable) innovations is apparent, the inverted U-curve. The base model namely
suggests that over a long period of time (since 1995), the patent index variable is significantly and
positively correlated with green patent diffusion. As time progresses, the patent laws, and in general IP
laws, developed to stricter regimes. The negative value of the outcomes indicates that, in recent years,
the stricter the IP system gets, the less patent diffusion there is. This is what also happens in an inverted
U-curve relationship.
Another explanation might be the fact that the patents that want to seek protection, over the years decided
to seek protection in those countries where they wanted protection. Earlier these patent holders did not
want their inventions protected in a foreign country, because the system was too weak. However, IP
systems develop, so patent holders will be inclined to apply for a patent. This means that important
patents are already patented, leaving only new patents to be potential applicants. As the amount of
sustainable inventions grew less fast between 2008 and 2018 (Figure 8), there are also less patents that
can be diffused. So, the pool of patents that want to seek protection in other areas, is actually relatively
small and the growth of that pool is stagnating. This might be a reason for the negative value of the IP
indexes.
An expected result from this analysis was the relatively high value of the IP system variables compared
to the other variables. This indicates that the IP system is an important factor when patent holders seek
protection for their inventions in other countries. Moreover, it is also expected that the relative value of
the patent index is higher than the relative value of the overall IP index, because, as explained earlier,
the patent system is solely focused on patents and the IP index includes other rights, such as design
rights, that are connected to inventions and which might have a mitigating role, which ensures that the
value of the IP index of the GCR is lower than the value of the Ginarte and Park-index.
The results on technology trade, on the other hand, showed the expected values. The IP system in
general, and also the patent system, has a positive influence on technology trade, although the results
are not all significant. This is in line with the literature, that states that stricter IP rights will ensure more
technology diffusion. The role of IPRs is relatively small, compared to the other variables. This is also
expected, since it is shown that some of the other factors in the model, especially the innovative capacity
and the infrastructure, are more important than IPRs (Pugatsch, 2011). This might be due to the fact that
IPRs are only a ‘background’-factor when transferring technology to other countries; technology cannot
be transferred unless there is a good infrastructure and the country is able to absorb the technology one
transfers (Eaton & Kortum, 1995). In conclusion, this result is this in line with what the literature
suggests.

5.2

Limitations and suggestions for further research

This study has a few limitations that needs to be addressed and which must be kept into mind when
drawing conclusions on the results of the analyses. These limitations also form a basis for future research
on this topic. The first limitation is the establishment of the control variables. Most of the control
variables were formed by combining subvariables into one overarching variable, for example, the market
variable. This might mean that it is not the most ‘clean’ and accurate variable, as it is a combined variable
and it is not designed based on its own features. With that comes the fact that the subvariables consist
of factors which are not directly linked to that overarching variable, which means that the model is tested
on variables which have nothing to do with it all, thereby potentially influencing the results. For
example, the market variable is designed using a few pillars of the Global Competitiveness Report,
among which pillar 8, which is about the financial market development. This pillar is important as it
gives a lot of information about the availability of loans and finances, which influence a firm’s decision
to innovate. However, also in that pillar is included the soundness of banks and the regulation of
securities exchanges. These are less directly linked with an innovation decision, but are still included in
the market factor because they are a part of the eighth pillar, thereby influencing the overall outcome of
this index. It would thus be better to test the relationship with variables that are designed based on their
own features, rather than using a combined variable. This is applicable to all the control variables that
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are constructed using other subvariables. Moreover, in order to be able to measure the development and
diffusion of sustainable innovations and the role of the IP system over a longer period of time, it is
suggested to construct, find and/or use variables that are available over a longer time stamp.
A second limitation is the quality of the Orbis dataset and the availability of the Ginarte and Park-index.
The Orbis dataset consisted of patents that have the Y02-tag, having a total of more than 1 million
patents. However, the number of observations after reshaping the data became very low, to the extent
that in the analyses including control variables a maximum of only 255 observations were available for
the analysis. This means that the conclusions that can be drawn from these analyses must be treated
carefully, as they are based on less observations than the analyses that are based on the OECD-data. The
OECD-data are thus has much more reliable outcomes. The main difference between the OECD-data
and the Orbis data is that the OECD-data also includes zero values, which are also important values for
this analysis. The analysis of the Orbis data was meant to be a robustness check, so the quality of the
robustness test is limited. For future research, it is advised to use a more complete second dataset as
robustness check.
Moreover, as the patent index was only available for every five year, the analyses with the control
variables only included the years 2010 and 2015 (which is also due to the fact that most of the control
variables were only available over the years 2008 to 2018) leading to a low amount of observations.
This also means that these results must be treated carefully. For full understanding of the relationship
between IP and sustainable innovations, it is needed that this analysis is being performed over more
years than this study, however, this is only dependent on the availability of the control variables. So,
apart from better constructed control variables, the control variables also do have to be available over a
longer period of time.
This all does not mean that the results using this dataset and using this variable are not useful. The
analyses still contained useful information, but the usefulness decreases because we have to take these
downsides into consideration.
Another limitation is the relatively low R-squared when using the overall IP index, especially in the
fixed effects analyses (the random effects analyses showed a much higher R-squared1). This is an
indication that the used models do not explain a high percentage of variance of the dependent variable.
This can be an indication that the used variables are not constructed well. However, a low R-squared is
not necessarily bad, as a low R-squared does not mean that the model is bad. For example, this study
only assesses the main external factors that influence sustainable innovation, while the internal factors
are also very important. So, a low R-squared is not necessarily bad, but must be taken into account.
Moreover, the use of an additional constant in the log of the dependent variables and the use of the
dummy variable adjustment to take care of missings ensures that results can be biased. This is also
something that needs to be addressed.
Other suggestions for further research are to look at the effect of other green IP policies. This study only
included one green IP policy, moreover, this policy was not expected to increase the development of
sustainable innovations that much. It would be interesting to see whether there are other IP policies that
(try to) stimulate sustainable innovation and whether these policies actually work. This can be done
using a panel data analysis on the effect of the policy before and after the initiation of this policy.
Moreover, a qualitative study on the IP system would be useful in order to get deeper insights in why it
is currently not working for sustainable innovations, how the IP system works and how it could be
changed in order to make it work for sustainable innovations by interviewing policy makers, IP
specialists and innovators. This would give much more and deeper insights in the potential role of IP
and it would help policy makers to address climate change and the IP-issues regarding the incentivizing
role.

1

The higher R-squared in the random effects models is due to the fact that the between-estimator had a much
higher R-squared than the within-estimator, which was also the case in the fixed effects estimations. This might
be an argument to use a random effects estimation over a fixed effects estimation, however, the Hausman test
and the data suggested that a fixed effects model suits the analysis better.
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Another suggestion is to find whether the working of the IP system differs between sectors. Research
has shown that for some technologies, for example wind energy, the access to these technologies via
transfers is dependent on the IP system of a country (Barton, 2007), while for other sectors this
relationship is different. This could also mean that the IP system works differently in different sectors.
Maybe the IP system is already working the way it is supposed to work in some sectors. This is of great
interest to policy makers, who can adopt technology-specific policies with regard to IPRs.

5.3

Conclusion

The goal of this research was to explore the relationship between IPRs and sustainable innovation,
thereby being the first study to explore this relationship using an econometric model. This relationship
is explored by using two main roles of IP, namely the incentivizing role of IP and the role of IP in
technology diffusion. A panel data analysis was performed in order to gain more insights in this
relationship. IP was measured by two slightly different indexes: the Ginarte and Park index, which is
solely focused in patents, and the Global Competitiveness Report index, which is a more general IP
index that includes other IP rights too, such as design rights and copyrights.
Based on the literature, hypothesis 1a stated that the IP system incentivizes sustainable innovation,
because it does so for general innovation. This hypothesis cannot be confirmed for the general IP index,
since the statistical analysis shows mixed results, with sometimes a positive and sometimes a negative
coefficient, which is also not in all cases significant. However, an inverted U-curve relationship seems
to exist, meaning that up to a certain threshold, the IP system does stimulate sustainable innovation. On
the other hand, patent laws seems to be stimulating sustainable innovation, because they show a positive
and often significant relationship, although this assessment is based on a limited amount of observations,
and this conclusion must thus be drawn carefully. However, based on the results of this study, for patent
laws, the first hypothesis can be confirmed. This difference between the indexes comes from the fact
that the patent-index is solely focused on patents, which are the ‘ultimate’ drivers of innovation, while
the general IP index also includes other rights that might mitigate the overall impact of IP compared to
the patent-index. The results also suggest that this IPRs are not negligible in the process of sustainable
innovation, as the relative value of the general IP indexes is average compared to the other variables,
and even high for the patent index.
Hypothesis 2a stated that the IP system is not yet designed to promote sustainable innovation, because
there are hardly any factors within this system that are focussed specifically on environmental
technologies. This hypothesis was tested using a green patent-policy variable, showing mostly negative
outcomes. The results indicate that this subhypothesis can be confirmed as there was no significant
relationship.
The second hypothesis focused on the second role of IP, and stated that IPRs are an enabling factor in
the diffusion of sustaianble innovations. This hypothesis can not be confirmed for patent diffusion. The
results of the analysis on the green patent diffusion-database showed mixed results, although most
results were negative and insignificant. The negative value could be an indication that stricter patent
laws also have more expensive and time-consuming application procedures, meaning that it is less
attractive to a lot patent holders. A positive note is that relative to the other variables, IP is really
important, which means that a change in the IP system should lead to a lot more patent diffusion.
However, the results for this relationship slightly differ when looking at technology trade. A positive,
but insignficant relationship exists between IP and sustainable technology diffusion, although the
relationship between patent laws and sustainable technology diffusion seems to be more significant.
However, as these results indicate, this hypothesis can also not be confirmed.
The conclusion of this study is thus that IPRs are not contributing (yet) to to the development and spread
of sustainable innovation. The main hypotheses are rejected, meaning that there is not a signficiant role
yet for IP in sustainable innovation. As pointed out earlier, the IP system is currently still only focused
on general innovation and has no or too little characteristics that stimulate the development and diffusion
of sustainable innovation. This has to change, considering climate change is one of the biggest
challenges in current times. An example of a policy could be an easier and cheaper application process
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for green patents. Moreover IP seems to be an important factor in climate change, because IP seems to
be important in all analyses that are performed. So changing the IP system would be of great importance
in fighting the environmental problems. It is thus recommended to focus more on the IP system as an
environmental policy tool, as it will make a difference.
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Appendix
1. Heteroskedasticity graphs and tests
Model 1: OECD data
Breusch-Pagan / Cook-Weisberg test for heteroskedasticity
Ho: Constant variance
Variables: fitted values of value
chi2(1)
Prob > chi2

=
=

950.13
0.0000

Model 1: Orbis data
Breusch-Pagan / Cook-Weisberg test for heteroskedasticity
Ho: Constant variance
Variables: fitted values of value
chi2(1)
Prob > chi2

=
=

209.90
0.0000

Model 2: patent diffusion
Breusch-Pagan / Cook-Weisberg test for heteroskedasticity
Ho: Constant variance
Variables: fitted values of patdiffusion
chi2(1)
Prob > chi2

=
=

1671.98
0.0000
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Model 2: technology trade
Breusch-Pagan / Cook-Weisberg test for heteroskedasticity
Ho: Constant variance
Variables: fitted values of totaltrade
chi2(1)
Prob > chi2

=
=

2128.60
0.0000
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2. Hausman test and vif results
Hausman tests
Model 1 and 2

Model 3
Coefficients
(b)
(B)
fe
re
ipgci
infrastruc~x
innovcapx
instqualityx
econenviro~x
greenpubli~x

-.0427641
.0162276
-.2086496
.0853496
.050712
-.0011181

-.1393706
.1279833
.0774891
.1548487
.0475839
.0059215

(b-B)
Difference

sqrt(diag(V_b-V_B))
S.E.

.0966065
-.1117557
-.2861388
-.069499
.0031281
-.0070396

.
.
.
.0074385
.
.

b = consistent under Ho and Ha; obtained from xtreg
B = inconsistent under Ha, efficient under Ho; obtained from xtreg
Test:

Ho:

difference in coefficients not systematic
chi2(6) = (b-B)'[(V_b-V_B)^(-1)](b-B)
=
51.31
Prob>chi2 =
0.0000
(V_b-V_B is not positive definite)
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VIF-tests
Model 1 and 2

Model 3
Variable

VIF

1/VIF

ipgci
innovcapx
instqualityx
infrastruc~x
greenpubli~x
econenviro~x

5.60
5.24
5.15
4.73
2.74
1.28

0.178414
0.190744
0.194261
0.211462
0.364814
0.778704

Mean VIF

4.12
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