
Contents lists available at ScienceDirect

Technological Forecasting & Social Change

journal homepage: www.elsevier.com/locate/techfore

Technology transfer, climate change mitigation, and environmental patent
impact on sustainability and economic growth: A comparison of European
countries

João J.M. Ferreiraa,⁎, Cristina I. Fernandesa, Fernando A.F. Ferreirab,c

a Department of Business and Economics & NECE Research Unit, University of Beira Interior Estrada do Sineiro, 6200-209 Covilhã, Portugal
b ISCTE Business School, BRU-IUL, University Institute of Lisbon, Avenida das Forças Armadas, 1649-026 Lisbon, Portugal
c Fogelman College of Business and Economics, University of Memphis, Memphis, TN 38152-3120, United States

A R T I C L E I N F O

Keywords:
Climate change
Economic growth
European country
Environmental patent
Sustainability
Technology transfer

A B S T R A C T

Most of the literature on technology transfer has tended to focus on the country or regional level, neglecting to
look at the continent-level flow of knowledge that is becoming more important due to regional trading blocs.
This study sought to fill the gap in research on the role of technology transfer in the European continent (i.e.,
countries inside and outside the Eurozone) by focusing on environment-related patents. The research also in-
cluded examining the effects of environmental water-related adaptation technology and climate change miti-
gation patents on real gross domestic product. The results contribute to the literature on technology transfer
policies by highlighting how environmental patents influence Europe’s economic growth rate and whether
countries’ geographical location can affect their level of entrepreneurship and innovation. The technology-or-
ganization-environment (TOE) and sustainability perspectives were used as a theoretical framework for un-
derstanding how geographical contexts influence technology transfer in terms of environment-related patents.
Implications for management, theory and policy are discussed together with the study’s limitations and sug-
gestions for future research.

1. Introduction

Solow (1956) argues that the relationship between innovation and
growth in the long-term directly impacts economic growth. Various
types of research have provided empirical support for this assertion
(Bayarçelik and Taşel, 2012; Bektas et al., 2015; Freeman, 2002;
Grossman and Helpman, 1994; Hasan and Tucci, 2010;
Segerstrom, 1991; Wong et al., 2005). However, innovation and tech-
nology transfer can sometimes have negative impacts on the environ-
ment. The increasing use of innovations and technologies has thus be-
come a major concern in terms of the price paid in damage to the
environment (i.e., climate change). Technology transfer in international
contexts commonly refers to the sale or licensing of intellectual prop-
erty, but the term includes any process by which citizens of one country
can access and utilize technology developed in another country
(Mytelka, 2007).

To combat environmental impacts resulting in climate change, a
significant majority of countries have adhered to the United Nations

Framework Convention on Climate Change (UNFCCC). This means they
have agreed to implement practical measures to achieve the common
goal of reducing global emissions of carbon dioxide (CO2) and other
greenhouse gases. As a result, the number of environmentally friendly
innovations has increased at a remarkable rate in recent decades
(Su and Moaniba, 2017).

By definition, sustainable economic growth refers to any form of
economic growth that does not harm the environment (Grimsley, 2016;
Nino, 2016). With this concept in mind, various researchers have
sought to understand the role of innovation in minimizing environ-
mental impacts contributing to climate change. In addition, govern-
ments in various countries have developed programs to facilitate the
development and diffusion of climate change mitigation technologies
(Jong et al., 2016; Mowery et al., 2010; Watson et al., 2015). Some
authors also have linked environmental issues to economics, growth
and productivity (Albrizio et al., 2017; Dong et al., 2014; Jaffe and
Palmer, 1997; Tucker, 1995), while others have examined the effect of
innovation as a predictor of climate change in different scenarios
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(Moss et al., 2010).
This topic is considered of such importance that environmental in-

novation research is a cornerstone of the Europe 2020 strategy. The
plan identifies smart, sustainable and inclusive growth technologies to
help the European Union (EU) develop more sustainable resources to
achieve a more competitive economy and provide high levels of em-
ployment, productivity and social cohesion. At least 60% of Horizon
2020’s overall budget is expected to be allocated to sustainable devel-
opment (see http://ec.europa.eu/programmes/horizon2020/en/area/
environment-climate-action).

Much of the existing literature has studied this issue at the micro
level, namely at the company level (Costantini and Liberati, 2014;
Fabrizi et al., 2018; Youssef et al., 2018), so the present research sought
to study environmental technology transfer in Europe and transfer ef-
fects on economic growth. Because European countries present dif-
ferent levels of economic growth and different degrees of environ-
mental technology transfer (cf. Ferreira et al., 2018, 2019), we sought
to divide these countries into two groups (i.e., Eurozone and non-
Eurozone European countries). This procedure aimed at identifying
potential differences between groups, providing a better characteriza-
tion of Europe in this study context. This research focused, therefore, on
contributing to a better understanding of the problem of climate
change, with a particular focus on how sustainable technological
transfer contributes to economic growth. The study used country-level
aggregated data based on statistics collected by the Organization for
Economic Co-operation and Development (OECD) for different periods.
This approach facilitated the confirmation of whether technology
transfer, climate change mitigation, and environmental patents have an
impact on sustainability and economic growth.

The results obtained support the conclusion that economic growth
can be achieved with a more sustainable use of resources. Innovations
can be made that contribute to countries’ sustainable economic growth
without harming the environment. Technological innovation can ef-
fectively respond to changes in key climatic conditions. We thus sought
to contribute to knowledge about innovations in European contexts,
which boost economic growth while protecting the environment.

This paper is structured as follows. Section two presents a literature
review focused on sustainable technology transfer and economic
growth. Section three presents the methodological aspects. The fourth
section analyses the empirical results. The last section concludes the
paper with a discussion of the study’s contributions and limitations, as
well as delineating opportunities for future research.

2. Literature review

2.1. Impact of sustainable technology transfer on economic growth

Fagerberg (1994) argues that productivity differences are re-
sponsible for variations in income between countries, with technology
playing a key role in determining productivity. Keller (2010) further
points out that, for most countries, foreign sources of technology
transfer represent up to 90% of domestic productivity growth. Most of
the world’s technology creation occurs in developed countries, although
technology transfer means these innovations can also affect the pattern
of climate change in countries with strong constraints on technological
innovation.

Some researchers assert that innovation is key to the sustainable
development of all societies (Boons et al., 2013; Matos and
Silvestre, 2013). Technological breakthroughs or the deployment of
technologies that capture carbon would be crucial to controlling cli-
mate change (Chaudhry et al., 2013; Wennersten et al., 2015). How-
ever, according to Bagatin et al. (2014), not all kinds of innovations are
desirable since technologies can have disastrous impacts on the en-
vironment. Various researchers have, therefore, emphasized sustainable
innovation, which companies and policymakers can collectively de-
velop by fostering their capability to create environmentally friendly

solutions (Cainelli et al., 2015; Owen et al., 2013). Thus, sustainable
innovation leads to socially desirable results (Stahl et al., 2013;
Voegtlin and Scherer, 2017; Von Schomberg, 2011).

When countries accumulate technological capabilities and relevant
innovations, this increases these nations’ ability to engage in climate
change mitigation not only as users of low-carbon technology but also
as innovative producers (Bell, 2012; Ockwell et al., 2013). In contrast,
the option of importing and installing sustainable technology is a quick
solution that does little to help countries learn about the process of
creating sustainable innovations. Creatively engaging underlying tech-
nologies contributes to nations’ ability to lead—and adapt the practices
involved in—sustainable development and, consequently, to promote
economic growth (United Nations Conference on Trade and Develop-
ment (see UNCTD, 2010).

Zollo et al. (2013) call attention to the importance of studying the
“how” of sustainability (i.e., how to promote the development of sus-
tainable innovations) rather than the “why” (i.e., why look for sus-
tainable innovations) or the “what” (i.e., what sustainable innovations
are). This, in turn, leads to the following question: How can the de-
velopment and diffusion of sustainable technology transfer be pro-
moted? In this regard, one should bear in mind that sustainable tech-
nology transfer is commonly considered a multidimensional process (cf.
Chege et al., 2019), which encourages the use of innovations and begins
with the development of innovations and progresses through their
dissemination and implementation (cf. Global Mobility Report, 2017).

Effective, sustainable technology transfer thus requires an under-
standing of the knowledge, projects, and production systems that fa-
cilitate innovations and modifications (Ockwell et al., 2008; United
Nations Center on Transnational Corporations (UNCTC), 1987). Tech-
nological transfer requires not only know-how but also know-why,
namely, the deeper, specific, and systematic knowledge needed to
manage technological change (Lundvall, 2011). Based on these insights,
the present study's first research hypothesis was defined as follows:
H1. Sustainable technology transfer has a positive impact on economic
growth.

2.2. Impact of climate change mitigation on economic growth

The UNFCCC has sought to mitigate the intensifying effects of cli-
mate change. At the Conference of the Parties, signatories agreed in
2015 to limit the average increase in global temperatures to 2° centi-
grade ( °C) above pre-industrial levels by 2020 (UNFCCC, 2015). While
most member states agreed to 2°C, the convention emphasized that the
efforts to reduce average temperatures should go even further and limit
them to 1.5°C (McSweeney and Pidcock, 2015). This objective can be
achieved mainly by limiting global annual emissions of gases that most
scientists believe are the main cause of climate change (Oreskes, 2004).

Emissions of CO2 make up by far the largest volume of greenhouse
gases emitted (Environmental Protection Agency (EPA), 2016). The
UNFCCC’s goal requires a serious commitment from countries to
prioritizing the reduction of CO2 emissions. In this context, the devel-
opment and implementation of environmentally friendly technologies
are fundamental, and these are high on the list of many actions coun-
tries need to take to achieve the 2°C target (Su and Moaniba, 2017).

Various authors consider understanding the role of innovation
crucial to minimizing environmental impacts leading to climate change.
An essential part of this process is the various programs that govern-
ments have established to facilitate the development and diffusion of
climate change mitigation technologies (De Marchi and
Grandinetti, 2013; Hall and Clark, 2003; Jong et al., 2016;
Watson et al., 2015). Other researchers have linked environmental is-
sues to economic growth and productivity (Dong et al., 2014;
Grossman and Krueger, 1995; Jaffe and Palmer, 1997; Porter and Van
der Linde, 1995; Tucker, 1995), as well as forecasting climate change’s
impacts in different scenarios (Moss et al., 2010). However, the
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literature has mostly focused on analyzing the relationship between
green technologies and pollutant emissions from the perspective of how
the former affect the latter in terms of climate change (Goodall, 2008).
Various studies have sought to determine key policy drivers and in-
centives that foster environmental innovations. For instance,
Grubb (2004) emphasizes the crucial role of technologies in combating
climate change. The cited author argues that climate change cannot be
reversed with a single formula but instead a variety of options need to
be applied by different sectors.

In addition, Mowery et al. (2010) contend that the nature of policies
required to combat climate change may differ from sector to sector in
terms of technological developments and implementations.
Veugelers (2012) also found that fiscal incentives are highly motivating
factors leading to sustainable technological transfer in some sectors of
activity. Peters et al. (2012), unlike other researchers, failed to find any
evidence that policies encouraging sustainable technology can stimu-
late innovative production. Similar to Antonioli et al. (2013),
Peters et al. (2012) argue that technology-boosting policies in one
country do not necessarily have the same impact when applied to other
nations’ realities. Nonetheless, the creation and use of sustainable
technologies promoting economic growth has been the focus of various
studies (Ashford et al., 1985; Blazejczak et al., 2000; Haselip et al.,
2015; Norberg-Bohm, 1999). Solomon et al. (2009) suggest that re-
searchers need to understand better the role of environmental innova-
tions in combating climate change and subsequently promoting sus-
tainable economic growth.

To this end, experts must consistently monitor the success and
progress of these innovations and the programs that use them
(Barron and McJeon, 2015). Therefore, combating the effects of climate
change through mitigation and adaptation technologies requires re-
search on and development of new technologies, as well as these in-
novations’ soft diffusion (Wiesenthal et al., 2012). The present study’s
second research hypothesis was thus defined as follows:
H2. Climate change mitigation technology has a positive impact on
sustainable economic growth.

3. Methodology

3.1. Data

This research used country-level aggregate data collected by the
OECD (https://stats.oecd.org/) as environment, population, interna-
tional trade, labor and national accounts statistics between 2000 and
2013 for 23 countries, corresponding to 291 observations (i.e., an un-
balanced panel). Table 1 shows the countries and years used in the
present study.

3.2. Measures

3.2.1. Dependent variable
This study included real gross domestic product (GDP) growth (i.e.,

annual growth in percentage) as a dependent variable. Real GDP was
thus used as a measure of economic growth.

3.2.2. Predictor variables
3.2.2.1. Control variables. The control variables used in the analysis
included population growth rates (i.e., annual growth in percentage)
and GDP per capita (i.e., in thousands of euros (€) and constant prices).
Other variables were current account balances (i.e., as a percentage of
GDP) and total hours worked growth (i.e., annual growth). The
selection of variables was supported by the studies presented in Table 2.

3.2.2.2. Technology transfer (patent variables). Regarding technology
transfer variables, we used environment-related technology patents
(i.e., number per million inhabitants). Environmental management

patents and water-related adaptation technology patents (i.e., number
per million inhabitants) served as proxies for sustainable technology
transfer. Climate change mitigation technology (i.e., number per
million inhabitants) was the proxy for climate change mitigation
patents. Table 2 shows an overview of the variables used in the study.

3.3. Data analysis

The econometric analysis used to assess patents’ impact on GDP
growth—particularly those linked to environmental issues—was based
on multiple regression models of panel data. Values for the 23 countries
under study were estimated using fixed effects models. Thus, the fol-
lowing eight econometric models were applied:
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For all these estimations, the existence of multicollinearity between
exogenous variables (i.e., the variance inflation factor (VIF)) was tested,
and robust standard errors were calculated for the coefficients to
eliminate the possibility of heteroscedasticity. The data was analyzed
using Stata version 12.0 software.

4. Results and discussion

4.1. Statistics

Table 3 shows the descriptive statistics and correlation coefficients
for the endogenous variables used in the econometric modeling and
VIF. Notably, no variables with multicollinearity effects (VIF < 10)
were found.

Table 4 presents the results for the different models estimated for
the entire sample and for Europe and the Eurozone. For the entire
sample and European countries sample, the models have good pre-
dictive power, with adjusted R-squared values between 0.540 and
0.570. The three models estimated for the Eurozone have weak to
moderate predictive power, with adjusted R-squared values between
0.217 and 0.413.
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4.2. Discussion

Regarding control variables, the results include a statistically sig-
nificant negative effect of population growth (POP_GR) on GDP growth
(GDP_GR) (β between −0.89 and −1.03). In addition, we found a
statistically significant positive association of growth in the number of
working hours (POP_GR) with GDP growth (GDP_GR) (β between 0.93
and 0.98). Models 1, 3, and 4 (i.e., the overall sample) show a statis-
tically significant negative effect of GDP per capita (GDP_PC) on GDP
growth (GDP_GR). In this regard, it is worth noting that labor pro-
ductivity provides a measure of the efficiency with which a unit of labor
input can produce goods and services, which can be assessed in various
ways (Kameda, 2009). As pointed out by Salim (1999), this is a variable
that quantifies productivity and consequently reflects economic growth.
Thus, the larger the number of working hours, the higher the GDP rises
or the stronger economic growth becomes (Nakamura et al., 2019).

The results for environmental patents’ effect on the prediction of
real GDP growth reveal a statistically significant mediating impact of

countries’ location on the relationship of environmental patents
(PAT_ENVxEURO) with real GDP growth (GDP_GR) (β=0.04; p <
0.01). That is, European countries show a statistically significant posi-
tive relationship between environmental patents (PAT_ENV) and real
GDP growth (GDP_GR) (β=0.03; p < 0.05), but, in the Eurozone, this
link is not statistically significant (β=0.04; p≥ 0.05). According to the
results of model 8, environmental management patents
(PAT_ENV_MAN) have no statistically significant association with real
GDP growth (GDP_GR) in any of the models, and countries’ location—in
the Eurozone or the rest of Europe—has no mediating effect on this
relationship (PAT_ENV_MANxEURO). In terms of water-related adap-
tation technology patents (PAT_ENV_WAT), the results show a statisti-
cally significant influence of these patents in all countries (β=0.44; p
< 0.05), Eurozone countries (β=1.16; p < 0.05), and European
countries (β=0.33; p < 0.05). Thus, the first hypothesis (i.e., H1:
Sustainable technology transfer has a positive impact on economic
growth) is confirmed. Although some differences were detected be-
tween the countries under study (i.e., in the Eurozone and rest of

Table 1
Countries and years.

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Czech Republic x x X x x x x x x X x x x x
Denmark x x x x X x x x x
Hungary x x X X x x x x x X x x x x
Netherlands x x x x x X x x x x
Norway x x X X x x x x x X x x x x
Poland x x x x x X x x x –
Sweden x x X x x x x x x X x x x x
Switzerland x x X x x x x x x X x x
United Kingdom x x X x x x x x x X x x x x
Eurozone
Austria x X X x x x x x x X x x x X
Belgium x x x x x x X x x x
Estonia x x x x x x x x X x x x X
Finland x x x x x x x x x X x x x X
France x x x x x x x x x X x x x X
Germany x x x x x x x x x X x x x X
Greece – – x x x x x x x X x x x
Ireland – – x x x x x x x X x x x X
Italy x x x x x x x x x X x x x X
Luxembourg x x x x x x x x x X x x x
Portugal x x x x x x x x x X x x x x
Slovak Republic x x x x x X x x x x
Slovenia x x x x x x x x x X x x x x
Spain x x x x x x x x x X x x x x

Table 2
Variables used in analyses.

Variables Units Authors Hypotheses

Dependent Variable
Real GDP growth (GDP_GR) Annual growth in percentage Chen and Quang, (2014); Ouardighi, (2011)
Predictor Variables
Control Variables
European country (EUR) 1: European country; 0:

Eurozone country
Chen and Quang, (2014); Groningen Growth & Development Center
(2009); Quinn (1997); Ouardighi (2011)

Population growth rates (POP_GR) Annual growth in percentage
GDP per capita (GDP_PC) In thousands of € and constant

prices
Current account balance (CAB) Percentage of GDP
Total hours worked growth (THW_GR) Annual growth in percentage
Sustainable Technology Transfer (Patent Variables)
Selected environment-related technologies patents

(PAT_ENV)
Per million inhabitants Ferreira et al. (2018); Ferreira et al. (2019); Peres-Ortiz et al. (2018) H1

Environmental management patents
(PAT_ENV_MAN)

Per million inhabitants

Water-related adaptation technologies patents
(PAT_ENV_WAT)

Per million inhabitants

Climate Change Mitigation Technology
Climate change mitigation patents (PAT_ENV_CLIM) Per million inhabitants Ferreira et al. (2018); Ferreira et al. (2019); Peres-Ortiz et al. (2018) H2
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Europe) regarding environmental patents, in general, the variables re-
lated to sustainable technology transfer have a positive effect on eco-
nomic growth. In this regard, it is worth noting that various authors
argue that climate change in recent decades is evidence of the en-
vironmental degradation caused by humans pursuing economic growth
and expanding populations that exploit natural resources to the limit.
These trends have led countries to overestimate their technological
achievements and ignore their limitations (Bertinelli et al., 2012;
Clow, 1998; Coccia, 2014). The environmental effects caused by eco-
nomic activities that consume natural resources are only one of the
problems that various researchers predict will lead to the collapse of
social, biological, and economic systems during the second half of the
twenty-first century (Tsiliyannis, 2014). Ayres (1996) raises a number
of questions about the categories of technological innovations that
would be necessary to guarantee a truly sustainable future and that
scientific and technological progress must also be part of the equation.

Furthermore, the environmental dimension of sustainability, an eco-
innovation perspective has emerged in response to the need to reduce
the use of multiple resources and sources. This can be done by in-
corporating new and different technologies rather than introducing
innovative applications of older technologies (Huber, 2000).
Montalvo (2008) focused on how sustainable innovations have rapidly
expanded and a deeper understanding of the ways new clean technol-
ogies and social practices, such as eco-innovation, promote technolo-
gical, institutional, and organizational knowledge of existing produc-
tion systems should be a priority for a sustainable economic growth.

Regardless of this expanding pool of knowledge, Coenen and Díaz
López (2010) suggest that the concept of eco-innovation reveals the
tension between the diverse motivations behind economically-oriented
objectives, ecological modernization, and social functions. Technolo-
gical innovations can be seen as a way to optimize the efficient, clean
use of vital resources in social, biological, and economic systems
(Cancino et al., 2018). The present study's results further reinforce the
body of research confirming that economic growth is possible without
destroying the environment, provided that progress is achieved through
innovations and the transfer of sustainable knowledge.

Regarding the effect of climate change mitigation patents
(PAT_ENV_CLIM) on real GDP growth, the results show a statistically
significant mediating impact of countries’ location on the relationship
between these patents (PAT_ENV_CLIMxEURO) and real GDP growth
(GDP_GR) (β=0.04; p < 0.05). This means that, in both Eurozone
countries and the rest of Europe, a statistically significant positive link
exists between climate change mitigation patents (PAT_ENV_CLIM) and
real GDP growth (GDP_GR) (β=0.04; p < 0.05). Therefore, the second
hypothesis (i.e., H2: Climate change mitigation technology has a posi-
tive impact on economic growth) is confirmed . Wiesenthal et al. (2012)
study found that aggregate research and development (R&D) invest-
ments devoted to low-carbon energy technologies amounted to €3.3
billion in the EU. This amount came mainly from public funding from
EU member states and the industrial research activities of companies
registered in the EU. However, gaining access to public climate change

mitigation funds is not always easy. Lettice et al. (2012) found evidence
of this challenge during an analysis of the factors associated with fund
allocation decisions. The cited researchers confirmed that, despite
funding agencies’ clear intentions and expectations, the allocation of
funds is not always linear. That is, even though carbon reduction is a
priority, this is not a significant factor when organizations allocate
funds to candidate projects.

Climate change mitigation can also have other advantages. For in-
stance, new market opportunities and jobs have been created due to the
increasing demand for low-carbon and other environmental technolo-
gies. Fankhaeser et al. (2008) found that some positive impacts of ef-
forts to alleviate the effects of climate change are job creation, in-
novation, and economic growth. Thus, a link exists between green
innovations and employment, which is stronger for companies that
introduce these innovations voluntarily (Kunapatarawong and
Martínez-Ros, 2016). The present study’s results, therefore, confirm
that organizations can mitigate climate change effects while con-
tributing to economic growth.

5. Conclusions and implications

This research sought to contribute to a deeper understanding of the
problem of climate change and, specifically, of the effects of technology
transfer, mitigation of climate change, and environmental patents on
economic growth. In addition, the findings contribute to the literature
on technology transfer policies by elucidating how environmental pa-
tents impact Europe’s economic growth rate. Regarding environmental
patents’ effects, the results support the conclusion that countries’ lo-
cation has a mediating effect on environmental patents’ link with real
GDP growth. In other words, these patents have a positive influence on
European countries’ economic growth. However, this study was unable
to verify environmental patents’ positive influence on economic growth
specifically within the Eurozone. In terms of water-related adaptation
technology and climate change mitigation patents, the evidence shows
that both types significantly influence economic growth in European
countries.

According to Cancino et al. (2018), countries’ sustainable value can
be evaluated in three dimensions. The first is policies that enhance
environmental value, which comprises renewable resources, low
emissions, low waste, biodiversity, and prevention of pollution (i.e., air,
water, and land). The second dimension is the forms of social value
implemented, including equality and diversity, wellbeing, community
development, safe livelihoods, labor standards, and health and safety.
The last dimension is forms of economic value, which involve profit,
return on investment, financial resilience, and long-term viability. This
kind of systemic approach is fundamental whenever researchers seek to
integrate sustainability into business models from a global perspective,
as well as incorporating systems’ different elements and their inter-
relationships. While wellbeing implies economic power for growing
populations, wellbeing also means improved health, education, and
cultural life and a better overall standard of living.

Table 3
Correlation matrix for exogenous variables used in empirical analyses.

Variable Mean SD 1 2 3 4 5 6 7 8 9 10

GDP_GR 1.93 3.15 NC
POP_GR 0.54 0.64 0.05 2.33
GDP_PC 36.99 13.47 −0.03 0.58 3.61
CAB −0.08 6.5 −0.09 0.15 0.68 2.43
THW_GR 0.39 2.47 0.68 0.32 0.24 0.05 1.13
EUR 0.92 0.28 −0.09 −0.36 0.03 0.20 −0.12 1.29
PAT_ENV 22.54 20.32 −0.15 0.04 0.48 0.58 0.02 0.15 1.61
PAT_ENV_MAN 11.19 9.84 −0.04 0.05 0.52 0.59 0.09 0.16 0.87 1.74
PAT_ENV_WAT 0.95 1.02 −0.08 0.15 0.39 0.53 0.08 −0.01 0.61 0.52 3.15
PAT_ENV_CLIM 15.86 15.82 −0.17 0.03 0.43 0.52 −0.01 0.14 0.98 0.78 0.57 1.72

Notes: VIF in bold on diagonal; NC=not computed; SD= standard deviation.
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Bertinelli et al. (2012) argue that, currently, the aggregation of wealth
alone clearly does not result in a sufficient reduction of environmental
pollution or in all populations having equal access to a higher standard
of living. In addition, Rochon et al. (2010) assert that improved policies
and practices at the corporate, academic, and government levels are
crucial to preventing global collapse and promoting sustainable growth.

Given the dilemmas generated by combining economic develop-
ment and sustainable growth, technological innovations can be seen as
solutions by those seeking to generate environmentally friendly con-
ditions throughout the production of goods and services. However,
experts also recognize that technological innovations require political
guidance that orchestrates ecological modernizations, as these do not
spontaneously develop in the right direction (Lorek and
Spangenberg, 2014; Nielsen et al., 2015). Environmental, social, and
economic concerns about innovation have become more common be-
cause countries are now aware of their activities’ consequences, and
many nations seek to be socially responsible.

Innovations at all levels and from different sources generate push
and pull forces that must be balanced when considering a transition to
more sustainable forms of production. Technological capabilities have
an important national dimension as countries regularly dedicate sig-
nificant resources to developing and maintaining these competencies.
As the present results show, at least apparently, there is no conflict
between improving technological capabilities and placing emphasis on
sustainability and welfare.

Nonetheless, R&D, which is a strong driver of technological in-
novation, cannot avoid an imminent collapse without fundamental
changes in societies’ dominant values of growth, exploitation and
consumption. This complex, urgent need can only be met by first re-
cognizing organizations’ lack of experience in creating policies in this
area. The present study’s findings could thus facilitate the creation of
guidelines for technology transfer and innovation that mitigate climate
change and promote economic growth.

Given that the transfer of climate change-related innovation has
increased in recent years, the following becomes a legitimate question:
How can this diffusion be further accelerated? The present results do
not include an evaluation of different policies’ potential, yet regulations
are obviously a factor that fosters the creation of markets for en-
vironmentally sound technologies and encourages companies to acquire
new technologies. This conclusion is supported by Lanjouw and
Mody (1996), who established that strict regulations for vehicle emis-
sions in the United States has led to, for example, up-to-date technology
transfer from Japan and Germany to the United States. The adoption of
stricter regulations in Finland and Sweden's pulp and paper industry
has also triggered an increase in the use of chlorine-free technology
(Popp et al., 2007).

Technological development requires investment from both the
public and private sectors. Public sector R&D has been an important
catalyst in the development of twenty-first century technologies, in-
cluding aeronautics, electronics, and nuclear energy. Public R&D
should also play a role in the transition to low-carbon energy technol-
ogies. Environmentally friendly technologies have been developed in
response to explicit, strong government support in the form of tax in-
centives, R&D subsidies, favorable regulatory frameworks, and gov-
ernment expenditure policies.

On the one hand, extensive public participation in these technolo-
gies could provide governments with sufficient leverage to disseminate
innovations more widely to serve the greater public interest. On the
other hand, these policies may ultimately end up increasing nations’
competitiveness, which can work in opposition to the objective of fa-
cilitating technology transfer and, more specifically, the transfer of
sustainable technology. In the future, greenhouse gas emission reduc-
tion targets will be key to stimulating private sector investment in R&D.
To achieve cost reduction, a large-scale deployment of low-carbon
technologies will be critical. Thus, human resources and institutional
development are crucial to facilitating the use of technology.Ta
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Institutional development includes generating the capacity to adopt
new technologies that enhance business valuation.

Country-level climate change mitigation and adaptation capabilities
can be improved when environment technology policies are integrated
into national sustainable development strategies. These technological
capabilities promote innovation, thereby improving access to markets
and strengthening competitiveness. In conclusion, the most significant
driver of climate change mitigation powerful enough to confront cor-
porate power may not be either climate change itself or even en-
vironmental quality standards. Instead, the primary engine could be the
economic development and growth associated with efforts to minimize
and reverse climate change.

As with any other study, it is important to note that there are lim-
itations that should be acknowledged and considered in future research.
Specifically, our study is based only on secondary data and focuses
solely on European countries. As such, future research might want to
apply our framework in other contexts, use primary data and/or include
other variables and dimensions. Additional research on how different
forms of stakeholders influence impact the process of sustainable en-
trepreneurship also seems to be an important point to be addressed.
This would help to clarify, for instance, how firms are utilizing patents
as a way to start new business ventures or how different policy factors
may influence environmental related patents. Any contribution in this
regard would be a welcome addition to this study.
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