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Abstract. Eco-innovations comprise new or modified processes, techniques, practices, systems 
and products allowing environmental harms to be avoided or reduced. They are employed in 
order for specific social and environmental objectives to be achieved, hence their environmental, 
social, and institutional significance relating to the achievement of long-term sustainable growth 
patterns. As a consequence, eco-innovation has great amount of focus from many countries. Add-
ing to the current literature which focuses mainly on the drivers and effects of eco-innovation 
in the context of developed and developing countries, this paper tries to find an answer to the 
question about the absolute β-convergence of eco-innovation. We also consider the spillover ef-
fects in the analyses. Our sample consists of 38 countries and relates to the years 2012−2017. We 
apply the spatial panel models to verify the research hypotheses. The results confirm that there 
is the absolute β-convergence in the sample countries. Moreover, we find evidence of positive 
spillovers of eco-innovation.
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Introduction

Eco-innovation occurs within the limits of common global challenges, including the need to 
separate growth from the use of resources, to increase the utilization of both new and renew-
able sources of energy, to increase energy efficiency and to minimize carbon emissions (Lema 
et al., 2014). They are solutions purposefully planned to reduce impact of manufacturing, 
consumption and discarding activities on the environment, even if their key incentive is to 
seize opportunities and take advantage from environmental issues (Neto et al., 2014). In ad-
dition, eco-innovation can be viewed as an essential tangible economic facilitator (Montalvo 
et al., 2011). As far as the issue of eco-innovations is concerned in the literature, most prior 
research and theoretical papers in this filed are focused on drivers and outcomes of green in-
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novations (Díaz-García et al., 2015; del Río et al., 2017; Dahan & Yusof, 2020). At the macro 
level the literature underlines the relative importance of eco-innovation in the sustainable 
development (Kijek & Kasztelan, 2013; Gente & Pattanaro, 2019). Moreover, the stream of 
eco-innovation research is dominated by contributions from developed countries, with a fo-
cus on European states (Cuerva et al., 2014; Bartlett & Trifilova, 2010; Triguero et al., 2013). 
In case of other countries, there are case studies on eco-innovations in India (Ganapathy 
et al., 2014), Taiwan (Dong et al., 2014; Cheng et al., 2014), Japan (Sierzchula et al., 2012), 
and the Republic of Korea (Suh et al., 2005).

Although eco-innovation is universally treated as the most effective mean to solving sig-
nificant environmental problems, a comprehensive picture of eco-innovation diffusion and 
convergence remains lacking (Mazzanti, 2018). The study on convergence in regard to eco-
innovation is of particular interest, since specific pathways of eco-innovation trajectories can 
proceed in various directions depending on specific national starting points. In practice, the 
application of eco-innovation in different countries may vary due to diverseness of policies, 
endowments and technological potentials. These differences may be the result of variations in 
nation-specific attitudes to environmental problems, standing legal regulations and economic 
instruments, but also a diversified development level of green sectors. As a consequence, 
countries may converge to multiple equilibria and the share of eco-innovations in countries 
innovation portfolios will differ. On the other hand, countries with a lower level of eco-
innovation potential compared with more advanced countries can exploit their backward 
position and increase their rates of growth through diffusion of international technology 
through imitation. In the global perspective, it is clear that without the catching-up process 
for the countries whose eco-innovation performance is lagging behind eco-innovation lead-
ers, the expected overall positive effect of environmental innovations cannot be realized. 

It is worthy of mention that there is the lack of studies on eco-innovation convergence. 
Only few studies deal with the issue of catching up process of eco-innovation activities. 
Unfortunately, these studies have anecdotal character and neglect the spatial and economic 
complexity of eco-innovation diffusion and/or convergence. In view of the above, the aim 
of the work is to study the mechanisms of eco-innovation convergence or divergence in the 
theoretical and empirical manner. In particular, we formulate the hypotheses that provide 
answers to the following research questions:

1) Is there convergence of eco-innovation drivers among countries?
2) Is there convergence of eco-innovation outputs among countries?
To verify the hypotheses, we test the absolute β-convergence of eco-innovation in the 

sample of European and Asian countries, which include developed countries (leaders in eco-
innovation) as well as developing countries. Our analyses apply the input-output approach to 
portraying eco-innovation efforts. Such methodology allows us to find if there is a tendency to 
decrease or widen the differences across studied countries regarding the drivers and outputs 
of eco-innovation. We believe this is a relevant finding, which gives a more clear view of the 
overall eco-innovation convergence or divergence. To the best of our knowledge, this study 
is the first to use input-output indicators for eco-convergence analysis at the country level.

Moreover, we consider the spatial dimension of convergence of eco-innovation, since in 
the line with the geography of innovation and economics of knowledge literature, eco-in-
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novation externalities and dynamics have to be scrutinised in a comprehensive manner. By 
doing so, the present paper contributes to an improved understanding of the global process 
of eco-innovation convergence or divergence. The paper may improve the understanding of 
the dynamics of the paths of eco-innovation, especially the interaction of drivers and out-
puts. Cross-country comparisons may offer improved models for the enhanced diffusion of 
eco-innovations, e.g. in terms of environmental policies and inter-institutional cooperation. 
Such models may constitute benchmarks for the “lagging” countries. Finally, the present 
study offers an answer to the question whether eco-innovation convergence takes place, and 
if it is to be expected in the future.

The issue of eco-innovation convergence is also important from a political point of view, 
since we can expect that the lower the eco-innovation gap between the least advanced coun-
tries and the most developed countries is, the more eager eco-innovation laggards would 
be to obligate to emission reductions objectives during negotiation. What is more, spatial 
and geography issues should be addressed within eco-innovation analyses. According to 
Borghesi et al. (2013), there may be convergence in the adoption of cleaner production pro-
cess techniques in restricted areas where eco-innovation activities, knowledge spillovers, and 
externalities are concentrated. So far, it seemed that Europe has shown the tendency to act 
as the main locus of “path creation”, while Asian countries have demonstrated “path-follow-
ing” through fast catching up. This seems to be acknowledged by the following statements: 
Europe can be the global center of clean energy innovation (Gielen, 2018), Europe is the 
world leader in innovation through nature-based solutions (Fritz, 2017). No Asian or African 
company can be found among the 10 most innovative companies in clean energy technolo-
gies in 2017 (Bloomberg New Energy Finance, 2017). However, measures pertaining to the 
emerging eco-innovations do not fully confirm the leading role of EU states. This is valid 
for environment-related technology patents, early-stage private investment. With regard to 
investments pertaining to specific issues such as foodstuffs, climate change, water, renewable 
energy/clean technology, data suggests they were on the rise (in 2014–2016) in European 
countries (increase of 146%), in Asia (increase of 198%) and Japan (increase of 374%) (Global 
Sustainable Investment Alliance, 2016). The trend is especially valid for China and Japan. In 
2017, for selected countries, investments in clean energy (in billion USD) amounted to the 
following: China 132, Japan 23, Germany 14, India 11, France 5, Sweden 4 (Statista, 2018). 
Some Asian regions are clearly pushing ahead, whether it be through the adoption of exist-
ing technologies to local markets or by the innovation of entirely new processes designed to 
protect the environment. 

The paper is structured as follows. The link between sustainable development and eco-
innovation is considered in the first section. In particular, we focus on the types of eco-inno-
vations and their importance for sustainable development. Afterwards, we provide theoretical 
reasoning for hypotheses development. We present the scientific theories underlying the for-
mulation of hypotheses and previous papers on the issue of convergence of eco-innovations. 
The next sections are devoted to the research: we present research model, research results 
and discussions. The last part is a summary of the research: conclusion, implication and 
directions for further research are presented.
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1. Significance of eco-innovations for sustainable development

Sustainable development (SD) is a multi-faceted idea, enveloping the interdependence of 
economic, social and ecological order in socio-economic development, and the necessity of 
preserving scarce resources for upcoming generations (Kates et al., 2005). Eco-innovation 
constitutes one of the solutions facilitating the implementation of the concept of SD (Sarkar, 
2013; Dahan & Yusof, 2020). In general, one can identify three groups of definitions of eco-
innovation:

1) definitions related to sustainable development – in general – or related strictly to the 
environmental aspect (eco-innovation as an instrument);

2) definitions that focus on the life cycle of eco-innovation (eco-innovation as a process);
3) definitions that pertain to environmental gains and/or economic gains (eco-innovation 

as a source of effects). 
The first group involves definitions which comprise the objective orientation, where eco-

innovations are regarded as a mean for sustainable development and targeted at decreas-
ing negative environmental effects. Eco-innovation is all types of innovation, including new 
skills for environmental improvement, as well as new processes, products and services, new 
business forms, etc. Additionally, any and all activities related to the reduction of negative 
effects or the enhancement of a positive effect on the environment while at the same time 
minimizing the consumption of natural resources are all forms of eco-innovation (Rennings, 
2000; Kemp & Pearson, 2007; Charter & Clark, 2007; Schiederig et al., 2012). This approach 
considers eco-innovations as an instrument enabling the achievement of sustainable goals, a 
mechanism driven by the continuous need for quality improvement and by policy measures 
and regulations (Hallenga-Brink & Brezet, 2005) and economic instruments (Tsai & Liao, 
2017).

The second approach takes a process approach. It is based on a sequence of actions in-
cluding the phase of invention, including generating idea, survey, business analysis and stages 
of creation of innovation. A number of authors refer to life-cycle analysis as a source of in-
novative activities (O’Hare, 2010; Motta et al., 2017). The LCA studies provide the means 
to recognize key points where eco-innovation is recommended; they also help to determine 
the existing trade-offs between the design of an enduring or a short usage lifetime product.

The approach considering the benefits/threats of eco-innovation is as vital from the per-
spective of sustainable development (SD). The literature makes heavy reference to environ-
mental gains which may make up an essential objective of innovation. Definitions in this 
group emphasize the fact that a more efficient utilization of energy and resources results in 
the reduction in the consumption of resources, energy, and lower production of waste. In 
addition, some definitions indicate social benefits, e.g. improvement of the quality of life, and 
economic advantages, e.g. reduced direct costs, ability to attract green rent of the market.

Eco-innovations received special attention in Europe and were seen as one of the sig-
nificant processes and objectives in achieving the goals of global sustainable development 
(OECD, 2009). They are regarded as a catalyst for pro-environmental and social changes, 
but also as a fundamental component of the European Union’s policy for sustainable devel-
opment, fully consistent with the “Europe 2020” Strategy (European Commission, 2010). 
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However, developing countries also recognized the need to promote sustainable development 
in the future through eco-innovation activities (Leitner et al., 2010). Environmental influ-
ence may be the result of several social causes, not excluding the sheer size of population, 
e.g. consumerist attitudes, or non-existent environmental awareness or skills, productivity, 
jobs (Antonioli et al., 2016). But the industrial metabolism can not be changed by either 
environmental ethics as such, or regulatory measures, or economic mechanisms, unless all 
these are geared to the specific point of immediate result in altering the society’s metabolism: 
new technologies and activities that modify the operative structures and ecological features 
of both production and consumption, and thus ease the stress on resources and environmen-
tal sinks or even add to an ecologically benign co-evolution of human society and nature 
(Huber, 2008). These are why eco-innovations enable and enhance sustainable development.

2. The issue of the convergence of eco-innovations

Studies on divergence and convergence date back to the end of the 1970s when Kuhn (1977) 
focused on the law of scientific discovery and technological invention from the viewpoint 
of the essential pressure. Later on, the discussion moved to the issues relating to divergence 
and convergence: policy-making about the convergence of technology (Shin, 2010), strategic 
management of a transformation in a multi- technology project (Kotnour & Bollo, 2011), 
technological convergence as a facor that has an effect on the flow of knowledge between 
enterprises (Corredoira & Rosenkopf, 2010), the association which exists between network 
assets and market entrance in terms of convergence (Lee, 2007), or convergence as a new 
paradigm (Lee, 2015). Innovation convergence is a learning process that constitutes a con-
tinuous disequilibrium between the reference technology and its matching technology, which 
adjusts the optimal balance between the functions of the two technologies (Lee, 2015). 

The learning process needs both vertical and horizontal convergence. Based on a case 
study of the railway technology in the country of Malaysia, Mohamed et al. (2015) debated 
that the horizontal convergence pertains to the absorption of innovative foreign technol-
ogy with the currently use railway technology, whereas the vertical convergence pertains 
to the step-by-step increase in technology in-depth in the operation and maintenance of a 
high-speed railway system. Both forms of convergence in the process of technological learn-
ing of an institution add to considerable gains. Primarily, technology convergence-inducing 
innovations are a significant driver of development (Jang, 2009; Lee, 2018). It is often as-
sumed that such innovations eventually boost human well-being as firms address different 
problems or increase jobs by convergence innovation (Lee, 2015). From the perspective of 
eco-innovations, their convergence generates economic benefits, enables the economies of 
scales to be used, determines the performance of international trade, generates jobs. Sec-
ondly, whether the incumbents in old industrialized countries retain or even improve their 
global position, or whether they will be outperformed by new players, makes an enormous 
difference. The convergence of eco-innovations is associated with creating new pathways and 
disrupting old ones. 

Yet while there is agreement on the positive effect of convergence on the development of 
the country, past research falls short in studying the conditions of eco-innovation conver-

https://www-1tandfonline-1com-10008a1e3056f.han.bg.umcs.edu.pl/doi/full/10.1080/02642069.2013.740471
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gence. Previous works explored the convergence in environmental performance or environ-
mental quality (Camarero et al., 2008; Bimonte, 2009; Salvati & Zitti, 2008) and convergence 
of particular type of eco-technologies (Lema et al., 2016; Faria & Andersen, 2017). It appears 
that the convergence concept is often viewed as a contextual process rather than a product 
of social and scientific processes (Corredoira & Rosenkopf, 2010; Lee, 2007). In fact, con-
vergence of eco-innovation has not been viewed as the exogenous factor in any of the works 
reviewed.

The convergence innovation processes can also be interpreted (at least) from the perspec-
tive of three theories. These theories form the basis of our reasoning. 

2.1. Theory of diffusion of innovations

In general, the diffusion of an innovation is defined as a process through which an innova-
tion is spread over time among members of a social system through certain channels (Rao 
& Kishore, 2010). Rogers (2003) defines the diffusion as “the process by which an innovation 
is spread through certain channels overtime among members of a social system”. Hence, 
he distinguishes between diffusion and adoption of innovation; in that the former happens 
within a society, whereas the latter concerns an individual (i.e. a firm or a natural person). In 
a visual form, the diffusion process is presented as an S-shaped curve: innovations proceed 
slowly in the initial period. The next phase if a recovery, followed by the saturation phase. 
Rogers (2003) devised the following categories of adopters: innovators, early adopters, early 
majority, late majority and laggards, which correspond to different stages of consumer´s 
adoption during the market development.

From an eco-innovation perspective, diffusion leads to ecological modernization (Jänicke, 
2008), and in the long term to sustainability transitions (Truffer & Coenen, 2012; Hazarika 
& Zhang, 2019). Fundamental transformation processes occur due to the diffusion of eco-in-
novation through which established socio-technical systems (branches like power and water 
supply, or transportation) move to more sustainable modes of production and consumption 
(Markard et al., 2012). These processes are often explained by structural changes triggered by 
technology and knowledge, occurring in a specific technological regime. Following Howlett 
et al. (2013) we believe that country’s innovation rate depends on knowledge transfer activi-
ties. Government policies, that promote knowledge complementarity and coordination be-
tween environmental fields will facilitate the promotion of knowledge transfer, which will re-
sult in increase in eco-innovation (Aldieri et al., 2020). The diffusion process also depend on 
knowledge cumulativeness (Sáez-Martínez et al., 2016), position in relations to technological 
frontier, absorptive capacity (Aldieri et al., 2018) and other factors (Hojnik & Ruzzier, 2016).

The diffusion of pro-ecological activities concern, among others, participation in envi-
ronmental management system, purchasing of green patents, utilization of renewable energy. 
The “Eco Innovation Activities” indicator used in ASEM Eco Innovation indicates that Asian 
countries are catching up with “typically” environmentally friendly European countries: Ja-
pan – 21, Singapore – 13, China – 33, Norway – 37, France – 25, Germany – 26 (ASEM 
Eco-Innovation Index [ASEIC], 2015). In Asia – Korea and Japan – are strongly interested 
in introducing eco-innovation and are eco-innovation active in different ways in relation to 
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the regime of sustainable development. With regards to renewable energy industry, growing 
nations such as China are prevailing the international market with the full support of their 
governments and are seeing rapid growth. In both regions there is a clear tendency for Asian 
countries to catch up the European patterns in the scope of implemented ecological activities.

2.2. Theory of lead market

The second approach on which this paper was based is a lead market hypothesis (Beise & 
Rennings, 2005). The concept of lead market hypothesis focuses on countries which are first 
to adopt internationally successful innovations. Lead markets are not only characterized by 
the early adoption of an innovation but also by the fact that they are followed by countries 
that adopt the same innovation. An innovation’s country-specific adoption trend can then be 
explained by international variations in market factors that determine innovation adoption 
and vary from country to country. The country implements an innovation first where the 
adoption stimuli (such as exacted gain, budget, prices) are highest. More and more coun-
tries adopt the same innovation as the adoption stimuli increase globally over time (Beise & 
Rennings, 2005; Mohamed et al., 2015). The hypothesis of lead market is connected with the 
endogenous growth theory, according to which a country’s technological development path 
depends on and the country’s initial position relative to the technology frontier. For countries 
which are far from the technology frontier, the increase of technology level results from the 
country’s ability to access and effectively absorb new foreign technologies.

Previous works have suggested that rates of eco-innovation vary according to a coun-
try’s level of development. As Kemp and Pearson (2007), Huppes et al. (2008) and Arundel 
and Kemp (2009) claim, developed countries have shown higher eco innovation, since the 
amount of extra financial input to introduce eco-innovation varies according to the coun-
try’s level of development. Huber (2008) observes that a country’s development level may 
determine whether eco-innovations are embraced. A country without adequately developed 
cultural and political consistency, institutional capability, and in particular, as Evans (1995) 
put it, without state-society synergy based on developmental politics rather than predatory 
ones, will not be able to implement a complex new technology successfully. 

Regarding eco-innovations it should be noted that Asian countries are capable of execut-
ing linear paths, just as late-comer enterprises pursue the same trajectory as the one under-
taken by their precursors. Schmitz and Altenburg (2016) emphasise that Asian nations, being 
followers, have learnt from Europe’s leaders (and elsewhere) by imitating their innovations. 
Referring to wind power innovations, Lema et al. (2016) point out that forerunner countries 
are anticipated to control the world market for these innovations (Rennings, 2014), which 
may by extension produce similarities across international growth trajectories. From this 
reason similarities occur in the introduction of technological eco-innovations (in the wind 
energy sector) in Europe and Asia. These pertain to technical parameters (size, efficiency, 
and reliability of turbines; Lema et al., 2014). The occurrence of the lead market phenom-
enon in relation to eco-innovations was also confirmed by Jacob et al. (2005), Quitzow et al. 
(2014). Beise and Rennings (2005) show that the development of lead markets that pull eco-
innovation is more successful when a country adopts environmental regulations adopted by 
other countries, which may underline the significance of institutional theory.
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2.3. Institutional theory

Institutional theory emphasizes the role institutions and policies play in encouraging or in-
hibiting the process of change. The theory of institutionalism focuses on the concept of insti-
tution. We follow the prominent approach of Douglass C. North who stated that institutions 
are the rules of the game in a society (North, 1990).

In relation to innovation the institutional theory is linked with the national systems of 
innovation concept (Lundvall, 1992; Nelson, 1993) and emphasizes the significance of re-
searching the formation and transformation of institutions, with a particular reference to 
the processes of codification and standardization. Institutional theory can also be extended 
to eco-innovations, in which economic and institutional factors play essential and important 
roles in promoting or inhibiting diffusion (del Río & Unruh, 2007). Referring to its assump-
tions two mechanisms dedicated to eco-innovations can be identified: 1) harmonization of 
nationa practices through international legal agreements or supranational law; 2) the coercive 
imposition of political rules and economic tools.

It should be noted that external conditions created by individual countries become simi-
lar. With regard to the EU countries, research confirms the unification of institutional solu-
tions (Busch & Jörgens, 2005). Convergence in innovation is a pivotal element of a successful 
European integration as, on the one hand, innovation delivers a key asset for boosting eco-
nomic competitiveness and, on the other, it supports social and political cohesion. In result, 
the EU is undertaking a series of initiatives to facilitate innovations (Colombo et al., 2019). 
The EU’s Broad-based Innovation Strategy made major progress in identifying multiple ac-
tions as a roadmap for innovation policy and introduced demand-side, as well as supply-side 
dimensions to policy. Veugelers (2017) argues that there is relative homogeneity between EU 
countries in terms of the overall range of policy instrument for innovation policy. Bovenberg 
and Cnossen (2012) indicate that this is not just about international environmental policies, 
but also adopting similar policy schemes. 

Focusing on eco-innovations Costantini et  al. (2017) confirm that a match between 
domestic and foreign policy mixes positively affects eco-innovations. Rennings (2000) em-
phasizes two peculiarities of eco-innovations, i.e.: the regulatory push/pull impact and the 
rising significance of social and institutional factors. What is important the former makes 
eco-innovations more regulatory-dependent than other innovations, while the latter em-
phasizes the importance of networking with other firms and institutions for eco-innovation 
(Cainelli et al., 2011). Esty and Porter (2005) show that the most significant considerations 
for evaluating interest in eco-innovations are the stringency of environmental regulations, 
the complexity of the regulatory system and the rigor of regulatory compliance. Jacob et al. 
(2005) report the similar findings. Some authors add international agreement to these factors. 
It is primarily about international support for investments in pro-ecological technologies (e.g. 
through the Join Implementation mechanism). However the impact of global environmental 
agreements on the convergence of eco-innovation remains hard to identify. The existence of 
the international provision does not automatically suggest similar provision at the national 
level (Holzinger et al., 2008). Regarding international cooperation, one may argue that it is 
not the international institution that shapes the countries’ policies via its obligations and thus 
lead to convergence, but that countries which have the same policy preferences tend to join 
the same institutions.
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Referring to the importance of transnational programs and legal regulations Jang et al. 
(2015) further emphasize the role of regional programs fostering eco-innovations. In Eu-
rope there are: Accelerating Eco-innovation Policies (ECOPOL), Eco-Innovation Action Plan 
(EcoAP), Environmental Technology Action Plan (ETAP). Non-European countries have 
been following the measures taken by the European Commission and European governments 
to develop national strategies and regional roadmaps to stimulate eco-innovations. Studies 
conducted in Asian countries revealed all 17 countries introduced planning means such as 
national sustainable development plans or eco-innovation plans for eco-innovations also 
have Latin America countries (Graf, 2015). These plans comprise national environmental 
control and green technologies strategies in all target countries. Documents indicate govern-
ments are adopting legislative and economic tools to achieve eco-innovation policy targets. 
The convergence of facilitating innovation solutions was verified by Izsak et al. (2014). They 
found convergence and very slow-proceeding evolution among the mixes of national inno-
vation policies revealing that countries with differing technological challenges are following 
similar approaches. 

Economic tools are the second mechanism referring to institutional theory. Here, tax 
incentives are considered the main component of governmental funding for business R&D 
in multiple EU member states, like Austria, the Netherlands, Portugal, the United Kingdom. 
Many countries have adopted sector-oriented programs incorporating direct funding (e.g. 
subsidies, equity funding) and indirect funding (e.g. tax incentives) instruments (Uniman, 
2017). An example of financial support is also official development assistance (ODA), the 
indicator refers to bilateral ODA allocated to environmentally related sectors. Its calculated 
as a % of gross national income, amounts to 0.23 for Japan, 0.13 for Korea, 0.42 for Turkey. 
Values of this indicator (ODA) for Asian countries do not diverge considerably from the 
scores of European states: France 0.41, Italy 0.17, Slovenia 0.17. Therefore, it seems that in 
the case of economic tools they are being unified among countries, which is due to the need 
to respond to similar ecological problems.

Globally speaking, the development paths for eco technologies in regions seem to be 
similar. Eco-innovations become global and this phenomenon can be strengthened by fol-
lowing “best practice” policies within specific fields, leading to similarity in results or “path 
transplantation” (Dawley, 2014). A variety of ecological policy instruments is being put in 
place for global ecological modernization. Their spillover requires transfrontier transplanta-
tion and implementation of innovative designs. This is likely to facilitate convergence. In the 
light of above considerations, we put following hypotheses:

H1: There exists convergence of eco-innovation drivers among countries.
H2: There exists convergence of eco-innovation outputs among countries.

3. Data and model

This study uses the data published by Cleantech Group and WWF (2012, 2014, 2017). Due to 
the publication frequency of Global Cleantech Innovation Index and its components, we have 
selected years 2012, 2014 and 2017 as a research period. The subject of study are 38 countries, 
including 22 European countries (Austria, Belgium, Bulgaria, Czech Republic, Denmark, 
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Finland, France, Germany, Greece, Hungary, Ireland, Italy, Netherlands, Norway, Poland, 
Portugal, Romania, Slovenia, Spain, Sweden, Switzerland, United Kingdom), 7 Asian coun-
tries (China, India, Indonesia, Israel, Japan, Saudi Arabia, South Korea), 3 North American 
countries (Canada, Mexico, USA), 2 South American countries (Argentina, Brazil), Australia, 
Russia, South Africa and Turkey. The data have panel structure with 38 units and 3 periods.

To verify the absolute convergence of Innovation Index and its components between 
countries, we employ a spatial panel data model. The spatial models allow researchers to 
study the relationships between variables taking into account different spatial patterns. It 
is known that innovation activity in any country is connected with innovation activities in 
other countries. A general form of linear spatial panel models is given by the following set 
of equations (Anselin, 1988; Baltagi et al., 2003):

 ( ) ( )1 2 ; it it it it i ity Wy X WX u= λ + β + β +μ +
 

(1)

                               .it it itu Wu= ρ + ε                                                                      (2)

This is a two equations model. The first considers spatially lagged dependent variable y 
as one of the regressors and may also include spatially lagged variables of some or all of the 
exogenous variables (the term WX). It also incorporates panel-level effects μi, which may be 
either fixed or random. The second equation deals with a spatial model for the stochastic 
disturbances. 

Another option of the spatial panel model with random effects is slightly different than 
previous one (Kapoor et al., 2007):

 ( ) ( )1 2 ; it it it it ity Wy X WX u= λ + β + β +
 

(3)

                                  .it it i itu Wu= ρ +μ + ε                                                            (4)

In this variant the panel-level effects μi are placed in the error equation and have the same 
autoregressive form as the time-level errors εit. 

The spatial panel models for verification β-convergence hypothesis of eco-innovation 
used in our study are specified as follows:

 , , 1 , 1 2 , 1 ;i t i t i t i t i ity W y y Wy u− −Δ = λ Δ +β +β +μ +   

 (5)

                           ,it it itu Wu= ρ + ε                                                                          (6)

where , ,i t i t ty y y= − , ,
1

t i ti
y y

N
= ∑ , , , , 1i t i t i ty y y −Δ = −   .

In the above model, which includes the spatially lagged dependent variable (WΔẏi,t), 
the proper interpretation of parameters requires estimation of direct and indirect effects. 
The sign of these effects indicates the existence of convergence or divergence process and 
the spillovers of eco-innovation. The significant negative direct effect for time lagged lev-
el variable (ẏi,t–1) indicates convergence, while the positive direct effect shows divergence. 
The significance of indirect effect reveals the impact of eco-innovation in the region on the 
eco-innovation in neighbouring regions.

The models describe the changes in the eco-innovation index and its components. As 
convergence variables we apply Global Cleantech Innovation Index (GCII), Inputs to In-
novation (INP), Outputs of Innovation (OUT), General Innovation Drivers (GID), Clean-
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tech-Specific Innovation Drivers (CSID), Evidence of Emerging Cleantech Innovation (EECI) 
and Evidence of Commercialised Cleantech Innovation (ECCI). Global Cleantech Innovation 
Index tends to measure, to the closest degree possible, the involvement of various entities 
to not only “push” technology supply but stimulate the “pull” of market demand. For each 
country, the overall GCII score is calculated on the basis of the average of INP and OUT. 
The former correspond to the creation of eco-innovation and the latter relate to the country’s 
ability to commercialise eco-innovation. Inputs to eco-innovation are determined by two 
pillars, i.e. GID, CSID, while outputs of eco-innovation are formed of two other pillars, i.e. 
EECI and ECCI. The four pillars are composed of a total of 15 indicators, taken from both 
third party research and Cleantech Group’s raw data. The conceptual model of research is 
presented at Figure 1.

We use two types of spatial weights matrices which reflect the economic and geographic 
distances between countries. The first one is based on the distance of PKB per capita between 
countries, and the second one takes into account the location of countries on the continents. 
The matrices are row-standardized. As a result, the spatially lagged variables are the mean 
values of them in neighbour regions. The application of these matrices allows us to choose 
that one which ensure better model adaptation.

4. Results and discussion

The average values of Global Cleantech Innovation Index, Inputs to Innovation and Outputs 
of Innovation for 38 countries in years 2012−2017 are presented in Figure 2, as well as in 
Figure 3 and Figure 4. The results are in line with previous works. As regards GCII, the 

Figure 1. The conceptual model of research
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Figure 2. Global Cleantech Innovation Index

Figure 3. Inputs to Innovation indicator

Figure 4. Outputs of Innovation indicator
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index top performers are Denmark, Finland, Sweden, Germany, Canada and the United 
States. These countries, all lying within North America and Europe, are amongst the top 
countries for general eco-innovation drivers and outputs. It is quite clear that countries that 
are facilitating investment in eco-innovations also have the tendency to gain from the com-
mercialization of cleantech companies. In the array of government-backed cleantech-specific 
innovation determinants, Nordic countries, like Norway, perform well. Additionally, they 
share relatively high levels of high number of public cleantech enterprises and have a re-
newable energy consumption. Denmark is a world leader in cleantech-specific drivers and 
commercialized technological eco-innovations. In commercialized technologies, the country 
is way ahead of the other countries making up the ranking. In relation to the stimulators of 
eco-innovations, Denmark, Sweden, Norway, and Finland also reveal significant advantage in 
the number of private firms involved in the green sectors. These drivers together effectively 
boost market demand for eco-innovations and supply some capital necessary to scale up 
inventive start-ups. Eco-innovations in European concerns were induced by environmental 
regulations. Moreover, high social and market awareness led to eco-innovation activities 
and performances. Being leaders, European countries launched international programs to 
create an eco-friendly market. The USA and Canada also give good evidence for the public 
engagement in that kind of innovations, but possess the largest relative advantage in giving 
start-ups access to private capital. It is worth noting that the introduction of eco-innovation 
begins in the regional or domestic markets (most frequently). A progressive government, 
innovating science and technology, and pioneer enterprises play the role of the stimulator. 
Such markets are labeled lead markets. With regard to eco-innovation, Canada is the global 
leader for PEM fuel cells, and hydrogen production and storage. 

The GCII low performers are Greece, Romania, Russia, and Saudi Arabia. Low scoring 
countries typically miss the requisite cleantech-focus in the public enhancement of their 
national innovation system, through government R&D and supporting policy mechanisms. 
Developing countries are characterized by the lack of private investment, low eco-innovations 
exports, and an efficient support framework for the domestic innovation ecosystem. For 
example, Russia’s weak points regarding eco-innovations are especially evident in a regula-
tory system which is fully non-supportive of that kind of innovation, an absence of green 
specific industrial clusters and the total lack of private, native investors. Non-awareness of 
implications and benefits of the eco-innovation in the industry is characteristic for Mexico 
and Colombia (Sanchez et al., 2018). In India, on the other hand, despite the positive view of 
entrepreneurship, there is low R&D budget and the lack of presence of ecological organiza-
tions and clusters.

Studies conducted by ASEIC (2015) pertaining to the level of development and implemen-
tation of eco-innovation revealed a very diversified level in this respect in Asian countries. 
The following countries scored the lowest on the three-point eco-innovation scale: Vietnam, 
India, Pakistan, Cambodia, Bangladesh. The highest score was noted for the developed coun-
tries, i.e. Australia, Singapore, New Zealand, Japan. For example, in Japan, the government 
designed and deployed eco-innovation strategies to facilitate their implementation in the 
power generation sector: solar, wind, geothermal, and hydroelectric power. Simultaneously, 
technological innovations were introduced in the current power generation sectors, such as, 
nuclear, fuel and gas, to lessen the burden on the environment. As a consequence, Japan’s 
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eco-innovation capabilities, the supporting framework and the performance are greater than 
the average score achieved by the countries on the same level of development. Bangladesh 
on the other hand is in exactly the opposite situation. This may stem from the fact that eco-
innovation strategies, inc. the green technology, are not clear and one has seen a failure to 
arrange programs for reducing CO2 and supporting environmental friendly products.

The most improved country performance from 2014 to 2017 was exhibited by Poland, 
Slovenia, Singapore. This is attributed largely to two significant increases in eco-innovation 
enablers. Public R&D investment in Poland now places at the global average. Poland also in-
creased its ranking in the Renewable Energy Country Attractiveness Index. Slovenia has been 
gradually progressing toward a sustainable lifestyle, the increase in eco-innovation knowl-
edge and public consciousness. Slovenia’s eco-innovation covers the pioneering automobile 
technology stemming from global concerns, efficient electric equipment and mobility, build-
ing energy efficiency, and sustainable architecture. The corporation’s R&D spendings have 
increased in these areas. 

In line with our findings Eco-Innovation Scoreboard (European Commission, 2017) 
shows that Germany has proven to be an efficient innovator. This country shows that in 
spite of lower early-stage entrepreneurial effort, and low evidence of eco-innovation invest-
ment community (relative to GDP) it is still fully capable of achieving high levels of innova-
tion results via a strong established industry and manufacturing sector. Germany is also a 
spearhead regarding green patents and is also highly placed for jobs in the renewable energy 
sectors. Meanwhile, Australia is an inefficient innovator (Cleantech Group, 2017). Although 
the country posseses a very strong entrepreneurial spirit, enhanced by a highly-developed 
early investment milieu, it does not transform into high innovation performance. The coun-
try is lagging behind in commercialized eco-innovations, primarily due to low export income 
obtained by green sector firms and low employment in renewable energy sectors (relative to 
total workforce). 

We consider different specifications of spatial panel models, including the fixed-effects 
model, the random-effects model and the random-effects model with autoregressive panel 
effects. Maximum likelihood method is applied to estimate parameters. We take into account 
two kinds of spatial matrices calculated on the basis of PKB per capita distances and the 
location on continents. As suggested by Boschma (2005), a geographical proximity is nei-
ther the necessary nor the sufficient condition of knowledge spillover formation. Therefore, 
other proximity dimensions must be considered to capture knowledge spillover. The choice 
of appropriate model specification is based on Akaike’s and Bayesian information criteria, 
parameters significance, and significance of spatial terms. Since the application of spatial 
matrix based on countries’ location gives insignificant coefficients, we only use the spatial 
matrix (W) based on economic distance. The results of the estimation of the models for Glob-
al Cleantech Innovation Index, Inputs to Innovation and Outputs of Innovation indicators 
and effects of explanatory variable are shown in Table 1 and Table 2. 

The results of models clearly indicate that eco-innovation activities of countries converge 
to a steady state (the direct effects of lagged indices are highly negatively significant). These 
findings give a strong support for the hypothesis 1 and the hypothesis 2. Additionally, the in-
direct effects show the spillovers of eco-innovation. It means that the access to the knowledge 
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about these environmental innovation activities are easily accessible to possible imitators. 
It is worth noting that geographical distances between countries are less important in this 
process than the level of economic development. This finding is in consonance with recent 
applied spatial econometric considerations, which stress the necessity to go beyond the pure 
geographical distance measure and to focus more on “economic” dimensions in the selected 
interconnectivity structure (Paci et al., 2014). As such, economic distance may reflect the 
reduced transaction costs associated with knowledge flows between geographically remote 
countries, which have a similar economic structure and lower costs of knowledge gathering 
and uncertainty.

In order to get detailed information about the absolute β-convergence of eco-innovation, 
we study the convergence of detailed indicators on innovation inputs and outputs. The abso-
lute β-convergence model parameters are estimated for General Innovation Drivers, Clean-
tech-Specific Innovation Drivers, Evidence of Emerging Cleantech Innovation and Evidence 
of Commercialised Cleantech Innovation. The results are presented in Table 3 and Table 4.

Detailed indicators, similar to the general indices, strongly converge to the steady state. 
It should be stressed that there are also the positive spillover effects of eco-innovation input 
and output measures, aside from ECCI. This finding is in line with common arguments for 
a boosting role of knowledge externalities in green innovation convergence. Aghion and 
Jaravel (2015) suggest that there exist complementarities between eco-innovation in devel-
oped and in less developed countries. Moreover, in line with Cohen and Levinthal’s (1989) 
theory of absorptive capacity, less developed countries should have an economic and human 
potential for investing in eco-innovation in order to benefit from knowledge spillovers from 
the developed countries. The obtained results confirm the occurrence of convergence of eco-
innovation drivers. In the case of general innovation drivers, some countries (e.g. Canada 
and Finland) act as pathfinders in continually creating climate for getting a business started, 
also clean technology related. These incentives are followed by other countries. For example, 
India introduced government initiatives (i.e. Start Up India among others) to create a strong 
startup ecosystem. It is interesting to note that the lack of the necessary cleantech-focus in 
the government support may result from financial barriers and depressed investment market 
(e.g. Greece, Romania, Russia). The change of this situation will require time and a holistic 
systems approach. Unifying development stimulants leads to the generation of new eco-
innovations and their diffusion. This is reflected, for example, in the growing number of 
patents in environment-related technologies, with greater growth in developing countries. 
For example in Belgium technology patents application increased in 2014−2015 by 44%, 
Austria – 61%, Sweden – 33%, Canada – 16%, UK – 63%. For comparison, in developing 
countries it was: India – 784%, Turkey – 275%, Korea – 436% (OECD data, 2015). Thus, these 
countries are catching up with developed ones in terms of the number of eco-innovation 
patents applied for.

Our results also confirm the occurrence of convergence in relation to implemented in-
novations. They are consistent with OECD data (for 2014) results on environmental-related 
technologies that indicate a high level of implementation of this type of technology in coun-
tries outside the EU: Japan and Korea – 96, United States – 78, Mexico – 77, and merely 
slightly lower index in EU countries: Spain – 66, Sweden – 76, Germany – 81. Similar, high 
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Table 3. Estimates of model parameters for detailed indicators

Variables
Dependent Variable

ΔGİDt ΔCṠIDt ΔEĖCIt ΔEĊCIt

ẏt-1 −0.203*** −0.508*** −0.231*** −0.388***

matrix W
Δẏt 0.286 0.656*** −0.103 −0.649***

ẏt-1 0.279** 0.734*** 0.156 −0.272
Wald test of spatial terms (p-value) 7.98

(0.046)
35.70

(0.000)
4.94

(0.176)
64.11

(0.000)

Note: * p < 0.1, ** p < 0.05, *** p < 0.01. 

Table 4. Direct and indirect effects of lagged detailed indicators

Effect
Dependent Variable

ΔGİDt ΔCṠIDt ΔEĖCIt ΔEĊCIt

direct (ẏt-1) −0.187*** −0.419*** −0.235*** −0.384***

indirect (ẏt-1) 0.295* 1.077** 0.167* 0.400

Note: * p < 0.1, ** p < 0.05, *** p < 0.01.

Table 1. Model parameters estimates for Innovation Indices

Variables
Dependent Variable (Δẏt)

ΔGĊIIt ΔIṄPt ΔOỦTt

ẏt–1 −0.135** −0.241*** −0.207***

matrix W
Δẏt 0.546*** 0.495** 0.403
ẏt–1 0.202** 0.461*** 0.238**

Wald test of spatial terms (p-value) 12.77
(0.005)

22.88
(0.000)

7.09
(0.069)

Note: * p < 0.1, ** p < 0.05, *** p < 0.01. 

Table 2. Direct and indirect effects of lagged Innovation Indices

Effect
Dependent Variable (Δẏt)

ΔGĊIIt ΔIṄPt ΔOỦTt

direct (ẏt–1) −0.115** −0.194*** −0.191***

indirect (ẏt–1) 0.262* 0.627*** 0.243*

Note: * p < 0.1, ** p < 0.05, *** p < 0.01. 
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results were also observed for the adaptation of water-related technologies (Japan – 97, Ko-
rea – 97, Mexico – 75, Germany – 80). The measures pertain to eco-innovations which have 
already been developed, and those with the likelihood of “path-following”. The catching-up 
process of strong cleantech commercialisers can be partially attributed to imports of clean-
tech commodities. For example, Singapore became a cleantech commercialiser by acting as 
a strong cleantech trading hub.

From the point of view of practical implications, the important findings are for eco-
innovation followers. Not only are they able to converge to the leaders in relation to the 
eco-innovation inputs, they are also progressing in the fast pace in relation to eco-innovation 
outputs. On the one hand, these findings are consistent with the well-known supposition that 
there exists a positive link between innovation enablers and innovation performance. On the 
other hand, this link is very sensitive to efficiency in converting inputs. For example, Poland 
increased public R&D expenditures and improved renewable energy country attractiveness. 
Undoubtedly, such policy helps to finance risky projects and creates a climate that encourages 
green investments, but ultimately its efficiency is verified by late-stage investment in clean-
tech companies. Finally, the results show that the eco-innovation followers should consider 
the implementation of innovation policies, in which the key point of eco-innovation efforts 
is not only learning how to innovate, but learning how to imitate. In fact, imitation usually 
requires the adaptation of innovation to local circumstances.

Conclusions

Convergence is a phenomenon empiricalin nature. Countries can converge into a unique 
steady state, otherwise different investments in knowledge capital give rise to multiple equi-
libria. The exploration of convergence in regard to the issues of environmental economics is 
particularly important given the fact that it requires both economic and ecological dynamics 
to be scrutinized together (Mazzanti, 2018). The present paper examines the convergence of 
inputs/outputs of eco-innovation in selected countries. The main underlying assumption is 
that eco-innovation paths are similar between countries. Therefore a convergence of inputs 
and outputs of eco-innovations emerges. The results fully confirm this phenomenon. The 
overall level of eco-innovativeness, measured by the GCII index, increases in the sample 
countries. Specifically, countries with the relatively low level of eco-innovation indices can 
create/imitate and commercialize eco-innovations faster than ones close to the eco-innova-
tion frontier. In other words, the former countries enjoy an advantage of backwardness. At 
the same time, there are no escape of more developed countries in relation to developing 
ones in the long run. 

In the analyzed period we found the catching-up processes in General Innovation Driv-
ers (GID) and Cleantech-Specific Innovation Drivers (CSID). It means that the catching-up 
countries are taking various activities to stimulate eco-innovations. Examples of these ac-
tivities are governmental strategies (promoting clean technology that covers tax incentives, 
feed-in tariffs, green bonds), public R&D expenditures, growth in the number of cleantech 
firms and cleantech-oriented funds. This is accompanied by positive changes in external 
conditions that support overall eco-innovativeness – sophistication facilitating innovation 
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and positive attitudes towards entrepreneurship. The results also confirmed the convergence 
(between countries) of commercialized innovations and emerging innovations. In this area, 
our results are consistent with evidence of commercialized eco-innovation published as part 
of the Global Cleantech Innovation Index. According to this summary Denmark leads, by 
a considerable margin, the ranking for commercialized eco-innovations in 2017, placing 
far ahead of Singapore and Sweden which are in 2nd and 3rd places respectively. The top 
five are completed by Germany and South Korea, with the differences between the ranking 
participants below the top five appearing less pronounced, until we hit the bottom five (The 
Global Innovation Index, 2015). The results of the conducted research confirm that there 
is a rapprochement between countries in the field of commercialized innovation measures.

As regards the theoretical implications, our study shows that the conceptual support for 
the explanation of eco-innovation convergence can be found in the innovation diffusion the-
ory, the lead market theory, and the institutional theory. The innovation diffusion theory may 
be considered the broadest in scope of the three theories presented in this paper. However, 
it seems to be not sufficient to explain eco-innovation convergence from the input-output 
perspective of eco-innovation process. Within the system approach to eco-innovation, we 
use the lead market theory and the institutional theory to give an important starting point 
for addressing the issue of eco-innovation input and eco-innovation output convergence. 
Specifically, the complementarity of both theories lies in their capacities to take into account 
supply side and demand side conditions of eco-innovation convergence. It should be noted 
that the existing studies do not provide any systematic treatment of eco-innovation conver-
gence. Moreover, they completely neglect spatial dependencies and cross-country influences 
of eco-innovation activities and performance. In this situation, our paper tries to address this 
blind spot in the literature.

Our research has some policy implications. First of all, they indicate that countries are 
learning from each other. This process concerns solutions supporting the stimulation, cre-
ation and commercialization of eco-innovations. To increase the level of eco-innovation, it is 
advisable to use the best institutional solutions (political, legal, economic) introduced by oth-
er countries. Imitation or benchmarking seems to be a good way in this direction. Secondly, 
the country’s absorptive capability is important for the convergence process. The increase in 
absorptive capacity ceteris paribus supports further technological eco-innovations accumula-
tion, that itself supports further development of absorptive capacity. The role of governments 
in improving the absorptive capacity cannot be over-emphasized. Thirdly, producers need to 
implement new approaches that contribute significantly to a sustainable growth process and 
support eco-innovations in a meaningful way. Such approaches require new directions and 
forms of production patterns. The ignorance of the role of eco-innovations will potentially 
result in un-intended and undesirable effects for future development.

The research has some limitations that pave the way for future studies. First of all, we 
focus on the absolute β-convergence, thus ignoring the structural characteristics of countries, 
which could be nontrivial for convergence processes. In this regard, we suggest testing the 
conditional convergence, which takes into account the importance of some stylized factors, 
i.e. political and legal norms, ecological awareness, national culture, etc. in the process of 
eco-innovation introduction and diffusion. On the other hand, a remarkable possible exten-
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sion of our research in this dimension would be to study the club convergence in the groups 
of countries with similar institutional, economic, and geographical characteristics affecting 
eco-innovation development paths. Second, we have limited the sample size due to data 
availability. Future studies may attempt to enlarge the sample size at the expense of research 
scope. Finally, we apply two types of spatial weights matrices which reflect the economic and 
geographic distances between countries. In this situation, it would be reasonable to extend 
our research to incorporate other dimensions of proximity (i.e. institutional, cognitive or 
technological) across countries and find their impact on knowledge spillovers.
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