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Abstract
Financial constraints have an important impact on the development of eco-innovations, but
their effect varies according to the type of funds taken into account. This article studies the
impact of the lack of funds on the development of eco-innovations, distinguishing between
internal, external and public funds. In particular, we investigate the interaction between
public funding, on the one hand, and internal and other external sources of funding. The
empirical analysis is based upon a sample of European SMEs belonging to different sectors
that are involved in products, processes and organizational eco-innovations. Our results
show that a lack of internal funding always decreases the probability to introduce ecoinnovations, while the lack of private external funds does not appear to hinder the
development of eco-innovations. Interestingly, we find that access to public funds or
incentives is effective in improving a firm’s ability to introduce eco-innovations, but only
when the firm is not short of funds (either from internal or external sources), thus suggesting
that public funds are somewhat complementary to other funds. Further analysis shows that
these effects are mostly relevant in small firms.
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1.

Introduction

Financing eco-innovations is essential to green growth and sustainable development, which
have been set as key priorities in the policy agenda of the European Union and of other
countries around the world. Within the Europe 2020 strategy, the European Eco-Innovation
Action Plan aims at supporting and financing the innovative activities of firms to foster the
transition towards a low carbon economy (OECD, 2009; Messeni Petruzzelli et al., 2011;
European Commission, 2013). In particular, the European Union has committed to reduce
the CO2 emissions by 80% by 2050 compared to 1990 levels. Achieving this target requires
the large scale adoption of clean technologies, which are not yet competitive. While large
companies have been more prone to invest in green R&D to increase their environmental
efficiency and contribute to the general sustainability, SMEs have had more difficulties in
devoting their limited resources to the development of green innovations (Del Brío and
Junquera, 2003; Bos-Brouwers, 2010; Revell et al., 2010). In any case, private actors left on
their own cannot really meet this challenge and their innovative activity needs to be coupled
with government intervention that specifically addresses environmental and knowledge
externalities, while stimulating and actively participating to green R&D investments, in
order to bring new technologies to competitiveness (Olmos et al., 2012; Veugelers, 2012). In
this context, despite the important role of demand pull policies and regulatory interventions,
there is the need for the development of proper public funding schemes that complement,
rather than replace, private investments (Popp, 2009; Olmos et al., 2012). Therefore, it is
crucial to increase our understanding of the financial barriers to eco-innovations –
particularly for SMEs – and of the interplay of private and public funding for ecoinnovations, in order to provide useful insights for European policy.

The drivers of eco-innovations have been extensively discussed by the literature (Horbach,
2008; Montalvo, 2008; Horbach et al., 2012), which has recognized the importance of supplypush, demand-pull and regulatory factors in affecting the development of green innovations.
However, not much emphasis has been placed on financial constraints, which instead
represent a very important barrier for firms willing to carry out green research projects
(Kapoor and Oksnes, 2011; Mazzanti et al., 2014; Demirel and Parris, 2015). As extensively
underlined by scholars in the field of innovation studies, access to finance represents one of
the most serious barriers to firms’ innovative activity and growth (Mina et al., 2013; Nanda
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and Kerr, 2015; Hall et al, 2015). When firms do not have enough internal funds to allocate to
innovations, they need to look for external funds, in the form of bank loans, equity capital or
public financial support (e.g. subsidies, loans, tax incentives and public support to venture
capital). However, returns to innovations are extremely uncertain and skewed, and
information asymmetry on inputs (that are mostly intangible) and outputs make it hard to
write proper “state-contingent” contracts (Nanda and Kerr, 2015). As such, financial
constraints on innovations appear to be very strong and this is even more problematic for
green innovations that exhibit higher risks and uncertainty than standard innovations
(Aghion et al., 2009; Cuerva et al., 2014; Mazzanti et al., 2014). Therefore, in the transition
towards a sustainable economy, eco innovations activities need to be, at least in part,
publicly funded, due to the lack of competitiveness of clean technologies compared to the
alternatives and to the uncertain effectiveness of regulations and of other public policies
mechanisms. However, the effectiveness of direct public funds for the development of green
innovations is questionable (Alic et al., 2003) and the design of proper funding schemes
needs to take into account technological and market characteristics (Olmos et al., 2012).

This study, therefore, aims at understanding how different types of financial constraints –
lack of internal finance vs. lack of external (private or public) finance - affect the introduction
of eco-innovations. Brown et al. (2012) suggests that it is important to consider alternative
external sources of financing when studying the sensitivity of innovative investment
decisions to internal finance availability. In line with this, our empirical analysis accounts for
financing constraints on eco-innovations arising from both a shortage of internal liquidity
and from a shortage of funding from external private and public investors. In doing so, we
will explore possible interactions between public support to eco-innovation and the shortage
of other funding (internal cash flow and private loans/equity capital). This will allow us to
assess to what extent public and private funding are complement or substitutes.

The original contribution of the paper is threefold. First, we consider the impact of different
types of financial constraints on green innovations, while the few existing contributions on
the topic either look at one specific source of funding, or consider a general indicator of
financial barriers. In doing so, we are able to include some reflections on the availability of
public funding for SMEs, which is quite relevant in the context of eco-innovations. Second,
we look at the role of financing constraints on innovation output, rather than on R&D
3

investment (i.e. innovation input). Third, we study the possible interaction between public
funding and other types of funds for eco-innovations in SMEs, which typically face stronger
human and financial resource constraints than large firms, but are strategic players in the
path towards sustainable development.

The empirical analysis is based on data from the 2011 Eurobarometer survey on ecoinnovations, which includes information on 2082 SMEs from 27 EU countries. Our findings
show that a lack of funds within the firm negatively affects the probability to introduce ecoinnovations. Moreover, the lack of public funds also appears to be an important barrier for
the development of eco-innovations, but only in the absence of internal financing constraints.
Indeed, when the firm declares a shortage of internal funds, public funds appear to reduce
the relative probability of eco-innovating, thus suggesting a potential diversion of public
funding towards alternative firm’s objectives. As regards other potentially relevant factors
that might affect the likelihood of eco-innovation, we find that, as expected, the probability
of eco-innovation increases with size, with the share of innovation investment devoted to
eco-innovation and with a positive effort in reducing material costs. We then find that firms
with a strong business network and easy access to knowledge and technology are also more
inclined to eco-innovate. Finally and interestingly, expectations towards the increase in
material and energy prices and constraints in accessing or in the availability of materials are
never found relevant in explaining the development of eco-innovations.

The article is structured as follows. Section 2 presents the theoretical framework concerning
the relationship between financial constraints and the development of green innovations,
focusing in particular on the existence of different types of mechanisms to raise funds and on
the role of public funds. Section 3 presents the data and provides description of the sample.
Section 4 illustrates the empirical model and the explanatory variables. Section 5 presents the
results. Section 6 finally concludes, providing some policy implications.

2.

Eco-innovation and financial constraints: a review of the literature

Financing eco-innovations is important to help the transition to a low carbon economy and is
an important topic both for innovative companies (especially those at the early stage of
business development) and for policy makers (OECD, 2012). The issue is widely discussed at
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the policy level, due to the strategic role of green innovations (European Commission, 2011).
The pursue of green growth requires the involvement of different private and public actors
and institutions within the economy – notably consumers, firms and policy makers – as well
as the activation of substantial investments to achieve higher environmental efficiency, to
develop new technologies (e.g. energy storage technologies) and green products, and to
transform the society into a low carbon system. In this context, the financial system (banks
and institutional investors) as well as policy makers play a very important role, as they can
mobilize large amount of funds and allocate them to long-term environmental projects that
often concern immature technologies or very complex technological systems (Olmos et al.,
2012). However, despite the emphasis on the need to finance the path towards green growth
and sustainable development, the development of a suitable system of financial support for
green innovations is still in its infancy (Cainelli and Mazzanti, 2013; Mazzanti et al., 2014).

The issue of financing innovation has been extensively investigated by the literature (see
Nanda and Kerr, 2015, and Hall et al., 2016 for recent reviews). Scholars have focused on the
specific characteristics of R&D projects and on the consequences of such features in terms of
existing constraints to fund innovations. Most contributions studying the effects of financing
constraints on innovations have focused on investment–cash flow sensitivity looking at
innovation input (R&D investment) rather than output, and have taken a measure of internal
liquidity as a proxy for financing constraints. The rationale for this approach follows from
the idea that the first source of financing that a firm would use when investing in innovative
projects is internal liquidity. This is due to the imperfect substitutability between internal
and external funds, which originates from informational asymmetries inducing a substantial
difference between the cost of external finance, being it new debt or equity, and the
opportunity cost of using internal finance generated through cash flow and retained
earnings (Stiglitz and Weiss, 1981; Myers and Majluf, 1984).

The most relevant trait of R&D investments compared to other types of investments is that
they are highly risky and extremely uncertain, as the outcomes are unknown to potential
investors (and sometimes even to the innovator itself). Uncertainty is greatest at the initial
stages of the project and the information about the success or failure of the investment
emerges only gradually over time (Hall, 2010; Mina et al., 2013). Furthermore, returns to
innovation projects are extremely skewed (Hall and Lerner, 2010; Nanda and Kerr, 2015).
5

Secondly, innovative projects are characterized by the presence of intangible assets and
capital, as knowledge is embedded in human resources – researchers, technicians – working
for the company and is often tacit. As employees might leave, taking with them at least part
of the company’s knowledge-base, companies often spread R&D investments over a long
period of time (Hall and Lerner, 2010). For all these reasons, the information asymmetries
between investors and companies searching funds for their innovative projects are
particularly severe, exacerbating the usual problems of opportunistic behaviors, adverse
selection and moral hazard (Mina et al., 2013; Hall et al., 2016). In such contexts, evaluating
the investments is extremely difficult and this has negative implications for companies both
for their equity financing – because the supply of capital comes at a premium – and for their
debt financing – because of the lack of collaterals associated with investments in intangible
assets. It follows that internal financial constraints will typically affect the decision to invest
in research. As a consequence, firms might invest in new technologies only when there is a
surplus of cash, which means that they have extra liquidity available. Empirical evidence
indeed shows that firms mostly use internal funds to finance innovation and this reflects a
gap in the cost of capital (Hottenrott and Peters, 2012). However, internal funds are naturally
limited – especially for SMEs – and therefore firms need to look for external sources of
funding if they do not want to abandon their innovation projects.

Financial constraints for R&D projects depend on firm structural characteristics,
sectoral/technological contexts and geographical settings (Canepa and Stoneman, 2007;
Brown et al., 2012; Cincera et al., 2016; Lӧӧf and Nabavi, 2016). In this respect, there is
evidence that green R&D projects and innovations are particularly constrained by the lack of
funds (Olmos et al., 2012; Cuerva et al., 2014; Mazzanti et al., 2014), for a series of reasons
that mostly relate to the existence of viable carbon-intensive alternatives. First of all, ecoinnovations are intrinsically more risky and uncertain than other investments, as they
typically involve technologies that are in the initial stage of their development and therefore
suffer from the existence of increasing returns (in knowledge, competencies, and
infrastructure) in established, carbon-intensive technologies (Cecere et al., 2014). Second,
cost-related factors are cited in the literature to be a significant strengthening factor of an
existing technological trajectory in a variety of sectors. Ayres (1991) argues that the lock-in of
whole technological systems was at least in part due to economies of scale. On the other side,
the payback period for green R&D investments is very long, as they usually have higher
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capital costs (Mazzanti et al., 2014). Moreover, these high costs associated with ecoinnovations tend to be irreversible, and this is problematic when prices are volatile (Cortazar
et al., 1998). Third, since the financial capital market is biased towards short term
profitability, the promotion of large-scale investments in new energy technologies is
counterproductive for them (Walsh, 2012). Finally, the evolution and frequent changes in
environmental regulations make the profitability of the innovative projects uncertain
(Rennings, 2000). Most of the technological trajectories, as a result of path dependent
processes in social, institutional and technological realms, are therefore often pollutionintensive (Cecere et al., 2014).

For all the reasons above specified, external finance is crucial to develop eco-innovative
projects (Mazzanti et al., 2014; Demirel and Parris, 2015). As for other types of investments,
firms look for private or public external finance when internal funds are not sufficient to
support all their needs and activities. Private external financing instruments are bank loans,
business angel capital, venture capital, corporate venturing and crowd funding (OECD,
2012). Pecking order theory (Myers and Majluf, 1984) predicts that firms would prefer debt
finance, such as bank loans, to equity financing, when internal financial resources appear to
be insufficient. Banks can provide different solutions, such as corporate lending, project
financing or mezzanine financing. Alternatively, firms may finance innovative investment
through equity financing, which has several advantages over debt for financing R&D (see
Hall, 2002).1. As for public external financing tools, it is possible to distinguish public
loans/guarantees, publicly owned equity, and subsidies in the form of prized, tax credits
and other benefits related to green investments, grants and contracts (Olmos et al., 2012).
Subsidies can be assigned to firms that reach specific goals, regarding for example the overall
percentage of sustainable products or processes developed, or to firms investing in new
sustainable energy projects. The role of public interventions is particularly important in
order to ensure that green R&D activities are carried out, by providing a market value to
environmental benefits (Kapoor and Oksnes, 2011; Olmos et al., 2012; Cecere et al., 2014).
This is because eco-innovations produce positive spillovers in both innovation and diffusion

1

Among the sources of external funding, venture capital has over time acquired more and more
importance. This is true also in the context of eco-innovations, with the emergence of green venture
capital, whose main goal is to invest in firms that are developing new technologies that lower
environmental impact, while pursuing economic goals (Randjelovic et al, 2003).
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stages, i.e. they can provide advantages to different economic actors than those who make
the investments. These external benefits occur in the medium-long run, while the costs of
green projects are concentrated upfront, and are often not even monetized or fully captured
(Kapoor and Oksnes, 2011). Due to these externalities, firms have low incentives to carry out
innovative projects, which typically result in under-investments (Rennings, 2000).
Furthermore, the existing instruments to pull demand for green technologies – carbon
pricing and deployment support measures – are insufficient to stimulate eco-innovations.
However, the availability of public funding for innovation should complement rather than
replace existing private funding (Olmos et al., 2012), as there are limitations in publicly
managed innovative projects and, at the same time, the involvement of private actors (even
in presence of public funds) appear to be crucial. Alic et al. (2003) have found evidence of
both success and failure in the use of public funds to support the development of green
innovations. Therefore, it is reasonable to argue that firms who can use a mixed portfolio of
funds are more likely to harness the benefits from direct public support.

The importance of the financial commitment required to eco-innovate is often mentioned as
a barrier to implement innovative environmental projects that is particularly important for
M s (del r o and Junquera 2002; Zutshi and Sohal 2004). For these firms, evidence on the
effect of shortage of internal funds on innovation of any kind is mixed, probably because of
the sunk cost nature of R&D investments (Hall and Lerner, 2010) and of measurement
problems (internal funds availability is typically measured through cash-flow, which is
known to be problematic, as discussed in Hall and Lerner, 2010). By contrast, recent studies
have found sound evidence on the detrimental effect of external financing constraints on
innovation (Savignac, 2008, and Mancusi and Vezzulli, 2014) and show that it is important to
account for the endogeneity of the financing constraints variable in order to uncover the
negative effect of the lack of external financing. As for the impact of public funding on ecoinnovations, the available empirical evidence on the effectiveness of subsidies (and tax
incentives) to promote green innovations is not conclusive (Horbach et al., 2012; Costa et al.,
2014), even if some authors have indeed confirmed that public subsidies drive the
development of eco-innovations (Luiten and Block, 2003; Luiten et al., 2006; Horbach, 2008;
Belin et al., 2011; De Marchi, 2012). Olmos et al. (2012) argue that the effectiveness of
different types of public instruments to finance green innovations (specifically in the area of
clean energy) depends upon the size of the funding gap, i.e. the difference between the costs
8

of the project and the available private funds, the capacity of the technology to compete for
public funds with others, the likelihood of technology failure and the type of entity that
carries out the investment.

3.

Data and descriptive evidence

Our empirical analysis is based on data from the Flash

urobarometer survey (“FL315

Attitudes of European entrepreneurs towards eco-innovation”), conducted in 2011 on behalf of the
DG Environment of the European Commission, Unit F3 – Communication. The original
sample includes 5222 European SMEs and it is representative of each of the 27 EU countries.

The aim of the survey is to investigate firms’ approach to eco-innovation investments. The
core questions are divided into four sections. The first one focuses on material costs, asking
for information about the relevance of such costs for the firm, their evolution over time (in
particular, the firm’s expectations on future changes in material costs), and most
importantly, the changes implemented by the firm to reduce material costs. The second
section directly examines the extent to which firms have engaged in different types of ecoinnovative activities. The third and fourth sections investigate the barriers to and drivers for
an accelerated uptake of eco-innovations, focusing on technology/supply side factors,
market/demand-side factors and regulations.

In the sample, 79% of firms are small – i.e. with 10 to 49 employees – while 21% of firms are
medium size – i.e. with 50 to 249 employees. Firms mainly operate in five sectors: agriculture
(8.2% of the sample), construction (28.3%), water supply and waste management (3.3%),
manufacturing (53.1%), and food service activities (7%). Table 1 reports the distribution of
the firms in the sample across sectors and by size category.
The survey investigates the nature of these eco-innovations, which include product, process
and organizational eco-innovations. In the overall sample, about 23.4% of the firms in the
sample have developed product eco-innovation, 28.7% have introduced process ecoinnovations and 22% have implemented organization eco-innovation. There is of course
overlapping between the different types of innovation, which mostly involves process
innovation: 60% (65%) of the firms that have introduced product (organizational
innovations) innovation also developed process innovations. These percentages suggest that
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it is difficult to distinguish between different types of innovation in these data and that firms
might be overconfident in what they consider as innovation. Because of this, we will only
focus our analysis on a unique innovation indicator, which we refine to account for
innovation quality. One of the questions in the survey asks the firm to quantify the relevance
of the innovation in terms of resource efficiency, measured as the reduction of material use
per unit of output. 33% of the innovating firms admit a low level of efficiency (below 5%
reduction of material use per unit of output) and another 11% is unable (or unwilling) to
assess the efficiency contribution of the declared innovation. All these low quality (or low
impact) innovations will therefore be ignored and the analysis will only focus on relevant
innovations, that is innovations with at least a 5% reduction in material use per unit of
output. The share of quality eco-innovators is thus equal to 25% of the firms in the overall
sample, which is more reasonable. In what follows, when we refer to eco-innovation or
innovators, we shall refer to this sub-sample of eco-innovating firms with quality
innovations.

Table 1 Distribution of firms by size across sectors
Reduced

All sample

Small firms

Medium firms

Agriculture

8.27

76.39

23.61

8.76

Construction

28.30

83.83

16.17

28.11

3.31

71.10

28.90

3.26

Manufacturing

53.14

76.25

23.75

52.86

Food service activities

6.97

88.46

11.54

7.01

Total

100

79.09

20.91

100

Water supply and waste
management

sample

The second and third column in the Table respectively report the percentage of small firms (firms with
10 to 49 employees) and of medium firms (firms with 50 to 249 employees) within the sector.

As expected, this change shifts the distribution towards higher share of R&D investment
devoted to eco-innovations, but it does so only by a marginal amount, as Table 2 shows.
However, it is important to note that the consideration of innovations based on their quality
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does not affect the incidence of product, process and organizational innovations, as shown in
Table 3.

Table 2 Share of innovation investment devoted to eco-innovation

None

Less than
10%

Between
10% and
29%

Between 30%

More than

and 49%

50%

Total

All firms

19.37

36.74

26.59

9.95

7.36

100

All innovators

6.23

29.53

36.13

15.38

12.73

100

Quality innovators

3.17

22.64

39.83

19.56

14.81

100

Table 3 Share of innovations by type
Product

Process

Organization

All innovators

53.96

66.55

51.48

Quality innovators

56.02

71.71

54.83

All percentages are evaluated on the number of innovating firms (i.e. firms developing at least one type
of innovation). Note that percentages do not sum up to 100% because firms my pursue more than one
type of innovation.

When studying innovation, it is always important to recognize that innovative firms are
likely to be higher quality firms, i.e. firms with higher abilities. As an indication of this, one
of the questions in the survey asked respondents if the annual turnover of the company had
increased, remained unchanged or decreased over the previous two years. Table 4 shows the
percentage of firms admitting a reduction in turnover, which is found to be lower in the subsample of innovators in all sectors with the exception of firms in the agriculture sector. As
firm’s quality is also likely to be related to the firms’ ability to obtain financing from external
sources, it will be an important control in our regressions.

As far as the sources of finance are concerned, the survey asks each respondent to assess the
importance of three different types of financing constraints in reducing the development of
eco-innovation by the firm: lack of internal funds, lack of external funds and insufficient
access to existing public subsidies and fiscal incentives. The question precisely asks
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respondents to evaluate the importance of these constraints on a four point scale, from 1 (not
at all important) to 4 (very important). Starting from this, we build our three key variables of
interest: LACK_INT_FUND, which indicates a constraint on the development of eco-innovation
originating from the lack of internal financing; LACK_EXT_FUND, which identifies constraints
originating from the lack of external financing, and finally LACK_PUB_FUND, which indicates
a constraint originating from the difficult in accessing public finance. Each variable is a
dummy equal to one if the firm rates the corresponding lack of funds as somewhat or very
important.

Table 4 Share of firms with decreasing turnover
All sample

Innovative firms

Agriculture

34.89

36.30

Construction

47.19

43.71

Water supply and waste management

30.54

26.53

Manufacturing

44.43

38.17

Food service activities

45.45

38.55

Total

44.04

39.01

Table 5 reports the percentage of firms with financing constraints by source of funds and
shows that innovative firms appear to be more constrained in the development of ecoinnovation than the average firm in the sample, the percentage of constrained firms being
particularly high for small innovative firms.

The evidence in Table 5, which is based on a self-assessment by the firm, should be put
together with that in Table 2, which shows that distribution of the share of investment
devoted to the development eco-innovation is clearly shifted to the right for innovative firms
with respect to that of the average firm. Hence innovative firms invest more and perceive
themselves to be more constrained than the average firm. This originates a potential
identification problem in the estimation due to selection bias due to reverse causality
between the perception of barriers and the innovative activity of firms (Mohnen and Röller,
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2005; Savignac, 2008; Mancusi and Vezzulli, 2014, D’ ste et al., 2012). The source of selection
bias is here related to the presence of firms that are not willing or interested in carrying out
eco-innovation and, because of this, they do not perceive themselves as being constrained.
This may generate a spurious positive correlation between the perception of financial
constraints and innovative behavior (Savignac, 2008; Mancusi and Vezzulli, 2014), which
may hide the negative effect of lack of funds on eco-innovation. For this reason, since we
only have a cross-section of data and do not have reliable instruments to pursue
instrumental variable estimation, we will run our estimates on a reduced sample of firms
that excludes those firms that do not carry out any type of eco-innovation activity (including
those with low resource efficiency) and that do not perceive any type of financial constraints.
This excludes from the sample 597 firms: comparing the last column in Table 1 with the first
one, it is clear that this reduction in the number of firms does not affect the distribution
across sectors.

Table 5 Share of firms claiming lack of funds, by source of finance
Small innovative

All sample

Innovative firms

Lack of internal financing

63.01

65.37

67.25

Lack of external private financing

56.84

62.64

65.18

Lack of public financing

62.04

69.59

69.94

firms

4. Empirical model and covariates
As already explained, our empirical analysis aims at understanding the relationship between
different types of financial constraints and the development of eco-innovations. To this aim,
we estimate a logit model, where our dependent variable is a dummy equal to one when the
firm has developed an innovation providing at least a 5% reduction in material use per unit
of output, as explained in the previous section.

Turning to the covariates, the main variables of the model refer to financial constraints and
are already described in Section 3. As previously discussed, given the specific characteristic
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of eco-innovations and the features of SMEs, we expect a shortage of internal funds and the
difficulty in obtaining external financing or public funding to be negatively associated with
the development of eco-innovations. The availability of different indicators of financial
constraints for different sources of financing is quite unique and will allow us to study their
separate effect and also an issue which has been discussed in the literature regarding the
interaction of public funding with the firm’s internal and external financing. For this
purpose, we will introduce interactions between our LACK_PUB_FUND variable, on the one
hand, and the variables LACK_INT_FUND and LACK_EXT_FUND, on the other hand. We have
no clear expectation on the direction of these effects, which will depend on the type and
effectiveness of public funding for eco-innovation. The literature seems to suggest that
complementarity rather than substitution between public and private sources of funding
should be more conducive to the development of eco-innovation, but the magnitude and
significance of the interaction effects remain uncertain.

Regarding the other variables in the regression, since our model is explaining innovation
output, we first need to introduce a measure of innovation input. We do not have firms’
R&D investment in eco-innovations, but we know from the survey if the firm devoted a
share of its innovative investments to eco-innovations and we also have a measure of that
share for size categories. Specifically, as presented in Table 2, we know if the share of
innovation investment related to eco-innovation is zero, positive but less than 10%, between
10% and 29%, between 30% and 49% and more than 50%. We then obtain the variable RD,
which is a categorical variable taking value from zero to 4 for different and increasing share
of innovation investments devoted to eco-innovation. Of course, we cannot control for the
scale of R&D investment, which is relevant, but our variable certainly allows us to
distinguish between firms doing R&D and firms not doing R&D (for whom the share is
necessarily zero) and also provides information on the size of the firm’s effort to ecoinnovate.

Furthermore, we can control for the reduction of material costs, which is traditionally
associated with the development of both upstream and downstream eco-innovations. We
know if the firm has pursued effort in reducing material costs in the five years previous to
the survey year. Specifically, one question in the survey asks if the firm has implemented
any of the following changes with the aim of reducing material costs: changing the business
14

model; improving the material flow in the supply chain; substituting expensive materials for
cheaper ones; purchasing more efficient technologies; developing more efficient technologies
in-house; outsourcing production or service activities; recycling. Therefore, we will introduce
the variable MATEFF, which is a dummy equal to 1 when the firm declares it has
implemented at least one of the aforementioned changes in the previous five years.

We then consider the main drivers of eco-innovations, following the existing literature
(Horbach, 2008; De Marchi, 2012; Horbach et al., 2012; Kesidou and Demirel, 2012; Triguero
et al., 2013), which has shown the importance of technology-related factors, market variables
and regulation. For this purpose, we conduct a factor analysis with varimax rotation on a set
of items included in the survey’s question on the drivers of eco-innovation, which the
respondents are again asked to evaluate on a four point scale from not at all important (=1)
to very important (=4). These items include: technological and management capabilities
within the enterprise; secure or increased existing market share; current high material prices;
limited access to materials; expected future material scarcity; collaboration with research
institutes, agencies and universities; good access to external information and knowledge;
good business partners; current high energy prices; expected future increases in energy
prices; existing regulations, including standards; expected future regulations imposing new
standards; access to existing subsidies and fiscal incentives; increasing market demand for
green products. Table 6 shows the outcome of the factor analysis and the resulting factors,
which we will use as covariates in our regressions to represent the main drivers of ecoinnovation.
Three factors emerge from the analysis. The first one – KNOWLEDGE & CAPABILITIES– is
explained by four main drivers: technological and management capabilities within the firm,
collaboration with research institutes, agencies and universities; good access to external
information and knowledge; good business partners. This factor accounts for the role of firm
networks and specific competences and knowledge in driving eco-innovation and we expect
it to have a positive effect on the probability to innovate (Masseni Petruzzelli et al., 2013).
The second factor – REGULATION – is explained by two variables, i.e. existing regulations
including standards and expected future regulations imposing new standards, and clearly
indicates constraints imposed by regulation, which are an important driver for ecoinnovation. Although the evidence from the literature is not conclusive, most authors seem
to agree that there is a positive relationship between regulation and the development of eco15

innovations (Porter and van der Linde, 1995a,b; Kemp, 1997; Antonioli et al. 2013). The
empirical investigation of Kesidou and Demirel (2012) shows that environmental regulation
stimulates investments in the field of green innovation both in the least innovative firms and
in the highly innovative firms.

Table 6 – Factor analysis: drivers of eco-innovations*
KNOWLEDGE
AND
CAPABILITIES

Technological and management
capabilities within enterprise
Secure or increased existing market
share
Current high material prices
Limited access to materials
Expected future material scarcity
Collaboration with research institutes,
agencies and universities
Good access to external information
and knowledge
Good business partners
Current high energy prices
Expected future increases in energy
prices
Existing regulations, including
standards
Expected future regulations imposing
new standards
Access to existing subsidies and fiscal
incentives
Increasing market demand for green
products
*We report factor loadings greater than 0.45.

ENERGY AND
REGULATION

MATERIAL
PRICE

0.58

0.56

0.54
0.62
0.58
0.68
0.67
0.53
0.52

The third factor – RESOURCE PRICES – is explained by the following drivers: current high
energy prices, expected future increases in energy prices and current high material prices.
This factor reflects the relationship between eco-innovation and energy and material prices
and indicates cost reduction as one of the main triggers of eco-innovations. The first and
third factor account for technology push drivers, which refer to the availability of new
technologies that help firms decrease pollution or the impact of production on the
environment and at the same time cut costs. Many studies have found that one of the most
important reasons for firms to undertake eco-innovation is cost-savings (De Marchi, 2012;

16

Horbach et al., 2012). Even though it might initially require extra capital to implement
environmental friendly technologies, in the long run a firm would significantly benefit from
the development of these innovations, making it more convenient to reduce the impact on
the environment. Therefore, we expect the variable RESOURCE PRICES to be positively
correlated with the development of eco-innovations.

We also include in our regressions a variable that accounts for firm’s size - TURNOVER - i.e. a
categorical variable taking value from 1 to 4, where 1 indicates a turnover up to 2 million
euros (52% of the firms in our sample), 2 is associated with a turnover between 2 and 10
million euros (35%) , 3 indicates a turnover 10-50 million (11%) and finally 4 indicates a
turnover superior to 50 million euros (2%). Innovation has always been found to increase
with firm’s size, hence we expect this variable to be relevant and to have a positive effect on
the probability to eco-innovate. Finally, we include the lagged variable SUFFER, which is a
dummy variable equal to 1 if there has been a reduction in the firm’s turnover in the two
years prior to the survey administration. As explained in the previous section, this is a way
to control for firm quality and, if anything, we expect it to display a negative correlation with
the probability of introducing eco-innovations.

Table 7 provides descriptive statistics for the main explanatory and control variables, while
Table 8 reports sample correlations. Both are reported for the reduced sample used in the
analysis, as explained above.
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Table 7 - Descriptive statistics
Takes value 1 if the firm introduces any ecoinnovation providing at least 5% reduction in
material use per unit of output, 0 otherwise
Takes values 0 if the share of innovative investments
devoted to eco-innovation is zero, 1 if the share is
positive but below 10%, 2 if between 10% and 29%, 3
if between 30% and 49%, 4 for shares equal to 50% or
above

ECOINNO

RD

Mean

Std.

Min

Max

0.28

0.45

0

1

1.57

1.13

0

4

TURNOVER

Annual turnover in €: 1 = up to 2 million; 2 = 2-10
million; 3 = 10-50 million; 4 = 50 million and over

1.60

0.76

1

4

SUFFER

Takes value 1 if the firm has experienced decreasing
turnover, 0 otherwise

0.45

0.50

0

1

MATEFF

Takes value 1 if the firm has implemented changes
to reduce material costs, 0 otherwise

0.90

0,31

0

1

KNOWLEDGE & CAPABILITIES

Factor loading from the factor analysis on the first
factor

0.09

0.83

-3.23

1.40

REGULATION

Factor loading from the factor analysis on the second
factor

0.08

0.75

-3.01

1.21

RESOURCE PRICE

Factor loading from the factor analysis on the third
factor

0.08

0.80

-3.27

1.10

LACK_INT_FUND

Lack of funds within enterprise from 1 (not at all
important) to 4 (very important)

0.71

0.45

0

1

LACK_EXT_FUND

Lack of external funds from 1 (not at all important)
to 4 (very important)

0.64

0.48

0

1

LACK_PUB_FUND

Insufficient access to existing subsidies and fiscal
incentives from 1 (not at all important) to 4 (very
important)

0.70

0.46

0

1

Table 8 Correlations
RD

RD

TURNOVER
SUFFER
MATEFF

KNOWLEDGE AND

TURNOVER

SUFFER

MATEFF

KNOWLEDGE
AND CAPAB.

1.00
0.13
-0.07
0.18
0.09

1.00
-0.12
0.07
-0.04

1.00
-0.00
0.04

1.00
0.1454

1.00

0.08
0.08
-0.07
-0.03
-0.03

-0.02
-0.04
-0.16
-0.13
-0.08

0.06
0.05
0.14
0.13
0.05

0.1331
0.1425
0.0118
0.0419
0.0207

0.73
0.84
0.14
0.17
0.24

RESOURCE

REGUL.

PRICES

LACK

LACK

LACK

_INT_

_EXT_

_PUB_

FUND

FUND

FUND

1.00
0.34
0.16

1.00
0.21

1.00

CAPABILITIES

RESOURCE PRICES
REGULATION
LACK_INT_FUND
LACK_EXT_FUND
LACK_PUB_FUND

1.00
0.78
0.14
0.16
0.20

1.00
0.14
0.18
0.23
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5. Results
Tables 9 to 13 report the results of our estimates. All regressions include country and sector
dummies, which are not reported to save space.

Table 9 Logistic regressions
(1)

(2)

(3)

(4)

2.061***
(0.0897)
1.276***
(0.0795)

2.064***
(0.0900)
1.279***
(0.0799)

2.063***
(0.0903)
1.258***
(0.0793)
0.784**
(0.0753)

1.117
(0.106)
1.077
(0.141)
1.547**
(0.283)
0.637***
(0.0668)
0.708**
(0.0957)
0.762
(0.128)
0.197*** 0.206***
(0.0669) (0.0702)

1.113
(0.106)
1.088
(0.143)
1.538**
(0.281)
0.638***
(0.0673)
0.712**
(0.0964)
0.771
(0.129)
0.240***
(0.0825)

2.033***
(0.0901)
1.238***
(0.0786)
0.785**
(0.0756)
2.275***
(0.500)
1.116
(0.107)
1.087
(0.143)
1.493**
(0.273)
0.634***
(0.0673)
0.717**
(0.0969)
0.779
(0.131)
0.113***
(0.0453)

Dependent variable : ECOINNO
RD
TURNOVER
SUFFER
MATEFF

RESOURCE PRICES

1.125
(0.107)
1.075
(0.140)
1.226*
(0.135)
0.632***
(0.0662)
0.741**
(0.0990)

REGULATION

KNOWLEDGE AND CAPABILITIES
LACK_INT_FUND
LACK_FUNDS_FROM_OUTSIDE
LACK_FUNDS_FROM_OUTSIDE*KNOWLEDGE & CAPABILITIES

Baseline

Sector dummies
yes
yes
yes
yes
Country dummies
yes
yes
yes
yes
Observations
2,802
2,802
2,776
2,776
Odds-ratios. Robust sandard errors in exponentiated form reported in parentheses.
*** p<0.01, ** p<0.05, * p<0.1
Table 9 reports estimation results from our basic specifications. Here we decided to focus on
the

control

variables

and

just

distinguish

between

lack

of

internal

financing

(LACK_INT_FUND) and lack of financing from outside the company’s boundaries, whichever
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the source. We therefore use a unique indicator, LACK_FUNDS_FROM_OUTSIDE that is equal to
1 if either LACK_EXT_FUND or LACK_PUB_FUND is equal to 1.

Our initial results show that increasing the share of innovation investments devoted to ecoinnovation significantly increases the probability of eco-innovation. We investigate this effect
in more details in Table 10, which reports the expected odds of eco-innovation for different
values of variable RD in manufacturing, evaluated at the mean of the variables. They are
suggestive of a marginal effect of RD investment which is initially increasing and then
decreasing.

Table 10 Odds of eco-innovation for different values of RD in manufacturing
Odds
RD = 0
RD = 1
RD = 2
RD = 3
RD = 4

0.0512***
(0.0109)
0.185***
(0.0139)
0.412***
(0.0206)
0.556***
(0.0330)
0.528***
(0.0356)

Observations
2,802
Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
With reference to our variables of interest on financing constraints, both the indicator of lack
of internal financing and that of lack of financing from outside the firm’s boundaries are
significant and negatively affect the probability of eco-innovation (odds ratios are both
below 1). This is an expected and interesting result that will be more in depth discussed in
the rest of the section. Turning to the control variables, TURNOVER is found to be positive and
significant in affecting the probability of eco-innovation. As this is a proxy for firm’s size in
our regression, the result is expected as larger firms may exploit economies of scale and/or
economies of scope, which might increase the benefits accruing from eco-innovations. They
might also have a richer resource endowment, including human capital, which can facilitate
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adoption and development of eco-innovations. Of the three variables obtained from our
factor analysis on the drivers of eco-innovation, only the variable KNOWLEDGE AND
CAPABILITIES

is significant and positively affects the probability of eco-innovation. This

variable accounts for cooperation and relationships with other organizations - universities
and research institutes, as well as business partners – and for the existing competencies of
firms, as well as availability of technologies. Results confirm the importance of networks
where internal and external knowledge is combined to strengthen eco-innovation activities,
and is coherent with previous findings (e.g. De Marchi, 2012; Messeni Petruzzelli et al., 2013).
Differently from other previous studies, we do not find a significant role for regulation in the
development of eco-innovations. This result might seem surprising, but it reflects the fact
that regulation induced innovation incentives and other demand-pull measures cannot
replace public funding support (Popp et al., 2009; Olmos et al., 2012). The finding might also
be due to the fact that all firms in our sample tend to be small and instead of being proactive
in the field of eco-innovations, they tend to react to external forces. As a consequence, their
innovative activity is very often designed to meet regulatory requirements so that regulation
is not a distinctive driver of the most innovative firms, but affects all companies.

One interesting issue that deserves further investigation is if the availability of good
networks that allow the firm to access external knowledge can reduce the negative effect on
eco-innovation due to the lack of financing from outside the firm, i.e. whether knowledge
networks can to some extent substitute financial networks. In order to check for this
possibility, in column (3)-(5) of Table 9 we introduce an interaction term between the
variable KNOWLEDGE and CAPABILITIES AND LACK_FUNDS_FROM_OUTSIDE. This is never found
to be significant, thus suggesting that access to external knowledge cannot reduce the
negative effects of the lack of finance from outside the firm for eco-innovation. Finally,
columns (3) and (4) introduce two controls for, respectively, firm quality (SUFFER) and firm
effort in reducing material costs (MATEFF), which, as expected, are both found to be
significant. Firms that experience a deteriorating performance on the market have a lower
probability to develop eco-innovations, while firms who devoted effort to reduce material
costs in the previous years and implemented changes in that direction have a higher
probability to be successful in introducing eco-innovations.
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Table 11 Logistic regressions with lack of funds interactions
(1)

(2)

(3)

(4)

2.042***
(0.0917)
1.233***
(0.0791)
0.776***
(0.0753)
2.393***
(0.533)
1.217*
(0.136)
1.119
(0.108)
1.086
(0.144)
0.636***
(0.0699)
0.883
(0.0956)
0.874
(0.0958)

2.038***
(0.0916)
1.231***
(0.0790)
0.776***
(0.0754)
2.387***
(0.534)
1.212*
(0.135)
1.124
(0.109)
1.084
(0.144)
0.634***
(0.0698)
0.746
(0.134)
0.761*
(0.123)
1.281
(0.278)

2.036***
(0.0915)
1.232***
(0.0790)
0.773***
(0.0752)
2.381***
(0.534)
1.213*
(0.136)
1.128
(0.110)
1.075
(0.143)
0.483***
(0.0892)
0.877
(0.0954)
0.675**
(0.123)

2.034***
(0.0915)
1.231***
(0.0790)
0.774***
(0.0753)
2.378***
(0.534)
1.211*
(0.136)
1.130
(0.110)
1.075
(0.143)
0.497***
(0.0923)
0.799
(0.146)
0.643**
(0.129)
1.145
(0.256)
1.441
(0.330)
0.111***
(0.0459)

Dependent variable: ECOINNO
RD
TURNOVER
SUFFER
MATEFF

KNOWLEDGE AND CAPABILITIES
RESOURCE PRICES
REGULATION
LACK_INT_FUND
LACK_EXT_FUND
LACK_PUB_FUND
LACK_EXT_FUND*LACK_PUB_FUND
LACK_INT_FUND*LACK_PUB_FUND

Baseline

0.0921***
(0.0366)

0.101***
(0.0409)

1.506*
(0.336)
0.108***
(0.0439)

Sector dummies
yes
yes
yes
yes
Country dummies
yes
yes
yes
yes
Observations
2,736
2,736
2,736
2,736
Odds-ratios. Robust sandard errors in exponentiated form reported in parentheses.
*** p<0.01, ** p<0.05, * p<0.1
As already explained, the focus of our empirical analysis is to investigate the impact of
financial constraints on the development of eco-innovations, distinguishing between the lack
of funds within the enterprise and the lack of private and public external financing. In
particular, we aim at exploring the interactions between different types of funding, in order
to understand the extent to which public funds are effective complements/substitutes to
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private funds to stimulate green innovations. We therefore turn to this in Table 11, which
includes all our three variables of financing constraints and our control variables. Columns
(2)-(4) also include the interactions between the lack of public funds, on the one hand, and
the lack of internal and external financing, on the other. Results on the control variables are
all confirmed and the lack of internal funds is always found to have a negative impact on the
probability of carrying out eco-innovations, thus confirming that the availability of internal
funds is a key determinant of firms’ innovative activity. Eco-innovation investments are
particularly uncertain, making internal liquidity an important requirement for firms willing
to develop these types of innovative projects. By contrast, the lack of external funds is never
found to be significant, which is somewhat surprising. However, the lack of public funding
appears to have a significant effect on the probability of developing eco-innovations, which
confirms the important role of the public direct intervention to support the transition
towards a low-carbon economy. An even more interesting result comes from the analysis of
the interaction effects between public funding and other sources of funding. Indeed, the lack
of public funding appears to significantly interact with the lack of internal funds in its effect
on the probability to innovate. To better interpret these interaction effects, we report in Table
12 the odds of eco-innovation for every combination of the variables involved in the
interactions.
First of all, note that the odds for each specific combination are very similar if we consider
the specification that includes just that interaction (column (2) and column (3) in Table 11) or
the specification with both interactions included (column (4) in Table 11). So we will focus
our comments on the first two columns in Table 12, but they also apply to the third column
in the same table.
Looking at the first column of Table 12 and focusing on the first two rows, we can think of
the marginal effect of the lack of public funding when the firm has no lack of external
financing as the difference between the expected odds of firms with and without lack of
public funding when LACK_EXT_FIN is equal to zero (Buis, 2010). That difference is equal to 0.36 and is statistically significant at the 5% level. Hence, releasing the financing constraint
originating from access to public funds for firms without lack of external financing is
effective in increasing the odds in favor of eco-innovation. By contrast, public funding
appears ineffective for firms with external financing constraints, which suggests some kind
of complementarity between external financing and public funding.
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Table 12 Odds ratios for lack of funds interactions
Odds from
specification
(2) in Table 11
LACK_EXT_FUND=0, LACK_PUB_FUND=0
LACK_EXT_FUND=0, LACK_PUB_FUND=1
LACK_EXT_FUND=1, LACK_PUB_FUND=0
LACK_EXT_FUND=1, LACK_PUB_FUND=1
LACK_INT_FUND=0, LACK_PUB_FUND=0
LACK_INT_FUND=0, LACK_PUB_FUND=1
LACK_INT_FUND=1, LACK_PUB_FUND=0
LACK_INT_FUND=1, LACK_PUB_FUND=1

Odds from
specification
(3) in Table 11

Odds from
specification
(4) in Table 11

1.485***
(0.230)
0.807***
(0.0952)
0.475***
(0.0572)
0.600***
(0.0439)

1.111***
(0.159)
0.699***
(0.0787)
0.624***
(0.0904)
0.626***
(0.0464)
1.490***
(0.231)
0.806***
(0.0949)
0.476***
(0.0573)
0.599***
(0.0439)

1.066***
(0.144)
0.707***
(0.0800)
0.602***
(0.0841)
0.629***
(0.0467)

Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1

Looking now at the second column in Table 12, we can obtain the marginal effect of the lack
of public funding when the firm has no lack of internal financing as the difference between
the expected odds of firms with and without lack of public funding when LACK_INT_FIN is
equal to zero. That difference is equal to -0. 68 and is statistically significant at the 1% level.
Hence, releasing the financing constraint originating from access to public funds for firms
without lack of internal financing is effective in increasing the odds in favor of ecoinnovation. By contrast, public funding appears to have the opposite effect when the firm
suffers from internal financing constraints, i.e. when LACK_INT_FIN is equal to one. In this
case, the difference in the odds is much smaller, but positive (0.12) and significant at the 10%
level, but close to 5%. This result suggests that access to sufficient public funds for firms
suffering from internal financing constraints has, if anything, a negative effect on the
probability of eco-innovation, possibly because public funds are diverted towards other
needs of the firm.
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Table 13 Logistic regressions with lack of funds interactions by firm size
Dependent variable: ECOINNO
RD
TURNOVER
SUFFER
MATEFF

KNOWLEDGE AND CAPABILITIES
RESOURCE PRICES
REGULATION
LACK_INT_FUND
LACK_PUB_FUND
LACK_EXT_FUND
LACK_INT_FUND#.LACK_PUB_FUND
LACK_EXT_FUND#.LACK_PUB_FUND

Baseline

Sector dummies
Country dummies
Observations

(1)
small

(2)
small

2.032***
(0.106)
1.313***
(0.115)
0.765**
(0.0861)
2.942***
(0.791)
1.231
(0.162)
1.108
(0.126)
1.089
(0.168)
0.449***
(0.0954)
0.514***
(0.123)
0.727
(0.151)
1.588*
(0.421)
1.347
(0.349)
0.118***
(0.0569)

2.036***
(0.106)
1.315***
(0.115)
0.764**
(0.0859)
2.930***
(0.785)
1.235
(0.163)
1.105
(0.126)
1.090
(0.169)
0.424***
(0.0903)
0.576***
(0.123)
0.891
(0.111)
1.739**
(0.454)

(3)
small

(4)
medium

(5)
medium

(6)
medium

2.037*** 2.186*** 2.187*** 2.187***
(0.106) (0.222) (0.222) (0.222)
1.311*** 1.097
1.097
1.098
(0.116) (0.152) (0.152) (0.153)
0.767**
0.760
0.760
0.760
(0.0862) (0.160) (0.160) (0.160)
2.981*** 0.969
0.962
0.963
(0.795) (0.438) (0.429) (0.435)
1.230
1.178
1.177
1.180
(0.161) (0.271) (0.270) (0.271)
1.098
1.149
1.151
1.148
(0.124) (0.240) (0.240) (0.240)
1.104
1.077
1.077
1.077
(0.170) (0.300) (0.299) (0.300)
0.611*** 0.653
0.666
0.691
(0.0785) (0.254) (0.252) (0.157)
0.641**
0.962
0.939
0.996
(0.123) (0.372) (0.339) (0.321)
0.669*
0.895
0.844
0.878
(0.138) (0.363) (0.202) (0.348)
1.089
1.056
(0.520) (0.474)
1.541*
0.920
0.948
(0.391) (0.442)
(0.428)
0.109*** 0.102*** 0.125** 0.128** 0.124**
(0.0523) (0.0486) (0.118) (0.117) (0.116)

yes
yes
yes
yes
yes
yes
2,135
2,135
2,135
Robust seeform in parentheses
*** p<0.01, ** p<0.05, * p<0.1

yes
yes
596

yes
yes
596

yes
yes
596

An important robustness exercise that we perform is to split the sample depending on firm
size between small firms (below 50 employees) and medium firms (between 50 and 249
employees). Results are reported in Table 13 and show that all the effects we discussed are
confined to small firms, thus confirming that this is the group of firms that mostly suffer

25

from financing constraints and for which public policy may be effective in increasing their
innovation performance.
6. Conclusions
The aim of this paper has been to shed light on the importance of financial constraints on the
development of eco-innovations by SMEs, whose innovative activities are perceived as being
increasingly crucial for green growth. Indeed, both research and policy actions have
emphasized that SMEs are more flexible than large firms and can benefit from the
opportunities associated with the emerging paradigm (OECD, 2011). However, the process
of green entrepreneurship by small firms faces important obstacles, among which financing
and, more in general, resource constraints represent relevant challenges. Specifically, the
analysis has investigated the extent to which internal and external private and public funds
are conducive to the development of eco-innovations. Furthermore, given the specificities of
eco-innovations, we have put particular emphasis on the interplay between public funding
and other sources of funding, and its effectiveness.

The results show that a lack of internal funds within the firm negatively affects the
probability to introduce eco-innovations, as well as the lack of public funds. These findings
are particularly strong for small firms (as opposed to medium-size firms), thus confirming
that these are the firms that mostly suffer from financing constraints and for which public
policy may be effective in stimulating their innovation activity. The analysis of the
interaction between public funds and other sources of funds shows that, while the
availability of public funds has a positive impact on eco-innovations when firms have
internal financial resources, it has negative effects on eco-innovations when firms suffer from
internal financing constraints. This important result suggests that public support to green
innovation is complementary to the availability of private funds and that, in absence of
internal funding, public funds are diverted towards other needs of the firm.

As for other variables, it is interesting to notice that cooperation with universities and firms
positively affect the probability to introduce eco-innovation which corroborates previous
empirical findings (De Marchi, 2012; Horbarch et al. 2012). On the contrary, once the
availability of public and private funds is taking into consideration, the role of regulation is
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limited, suggesting that, at least for SMEs, public funding support for the development of
green innovations cannot be replaced by regulatory support (Olmos et al., 2012).

Our results have important policy implications. In particular, they show that, in order to
design suitable innovation policy mechanisms and to organize the provision of direct
support for the development of eco-innovations, internal financial constraints of firms
should be taken into account. On the one hand, the availability of public funding is an
important facilitator of eco-innovations, particularly for small companies that suffer from a
lack of equity financing and a shortage of loans and whose access to funding is not usually
facilitated by banks and private institutions. In this sense, access to regional and national
funding could be simplified in order to reduce the administrative burdens and allow the
participation of SMEs. Furthermore, policy makers could facilitate the procedures to obtain
environmental certifications, which often drive organizational innovations in SMEs. On the
other hand, if this support is provided in the absence of private internal funds, the risk of
public funds being diverted to other firms’ needs is high. Therefore, the direct public support
of eco-innovation activities should complement private R&D investments instead of simply
being a source of liquidity for financially constrained firms.

Another important result in terms of policy implications is the importance of firms’
networking with business actors and with research centers and universities. This suggests
that it is important to encourage cooperation between universities and firms, in order to
combine different knowledge bases and technological competences for the development of
eco-innovations. The relevance of knowledge networks however does not attenuate the
negative effect of the financial constraints, suggesting that policies aiming at stimulating the
development of research networks in the area of sustainable development need to go hand in
hand with the provision of direct financial support to private innovative activity.

Finally, once financial constraints are taken into consideration in the analysis, regulation
does not have a major role in the development of eco-innovations. Policy makers should
therefore design policy mechanisms to support eco-innovations activity that include not only
demand pull measures (e.g. carbon pricing) for more mature technologies and regulation
induced innovation incentives such as the definition of standards, but also direct financial
support to companies that show long-term and sustainable commitment to eco-innovations.
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