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ABSTRACT
Using the Community Innovation Survey data, in this paper we
explore the external and internal drivers influencing the four
types of eco-innovation in the Baltic manufacturing sector. For
this purpose, we estimate a quadrivariate probit model to reveal
potential complementarities across the four types of eco-innov-
ation and identify the differences among sectors and countries.
The empirical findings show that: i) some factors such as future
eco-policies and voluntary actions are significant for most catego-
ries eco-innovation; ii) cost saving is the main driver for the eco-
process; iii) government grants, subsidies or other financial incen-
tives and current regulation are never significant and finally iv)
cooperation is a crucial driving factor for the productive process.
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1. Introduction

This paper investigates the external and internal factors that affect eco- innovation
strategies in manufacturing firms in Baltic countries. In recent years there has been,
among scholars and policy makers, a significant increase in terms of attention to
environmental problems. There is a widespread consensus that eco-innovation is a
key strategy as it is a combination of economic and environmental goals of firms
(Del Rio et al., 2017).

Most research explores the determinants of eco-innovations in the European devel-
oped countries (i.e. Madaleno et al., 2020; Marzucchi & Montresor, 2017) or consider
European countries in general (i.e. Cainelli et al., 2020; Ghisetti et al., 2015). Only
few papers are devoted to eco-innovation in Transition countries (Biscione et al.,
2021; Cooke, 2011; Horbach, 2016) and particularly in the Baltic area (Melece &
Hazners, 2017; Melece, 2015). Exploiting the Eco-Innovation Index1 provided by
Eurostat, these works analyze the eco-innovation performance in EU member states
highlighting that the Baltic countries, with respect to the other EU countries, are
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characterized by a low eco-innovation level. Therefore, there is no comprehensive
empirical evidence from microeconomic literature on eco-innovation in Baltic area.
The only empirical paper that investigates the Baltic area in comparison with other
transition countries is carried out by Biscione et al. (2021). Using CIS 2014 data sur-
vey and applying a multivariate probit model, they find that Baltic manufacturing
firms, in comparison with the firms operating in the other transition countries taken
into account, are less sensitive to implement eco-product and eco-organization.
Differently from the analysis conducted by Biscione et al. (2021) we focus only on
Baltic countries (Estonia, Latvia and Lithuania). These are transition economies with
common features such as similar history and economic structure. All three countries
are mainly specialized in low-tech productions, though they all have their own spe-
cific economic characteristics (de Felice et al., 2019) and for a long time they had
obsolete firms with an inefficient technology inherited from the Soviet system
(Miskinis et al., 2020).

Therefore, the aim of this paper is to contribute to the literature on eco-innovation
by analyzing the effect of internal and external drivers on the firm’s decision to adopt
an eco-innovation strategy in Baltic manufacturing sector. The attention on the man-
ufacturing sector is due to: (i) the potential eco-innovative strategies that this sector
presents and (ii) the high awareness of firms about environmental standards and cer-
tifications (EIO, 2013). In contrast to Biscione et al. (2021), we consider four types of
eco-innovation: (i) eco-product, (ii) eco-process, (iii) eco-organization and (iv) eco-
marketing. We use cross-sectional data taken from the Community Innovation
Survey -CIS 2014 to get a multivariate probit model to explore if the eco-innovative
strategies of firms are complementary or replace each other.

The main finding to be claimed for this work is that not only cost saving is the
main driver for the eco-process in Baltic manufacturing sector, but also future environ-
mental regulations influence firms’ decisions to introduce eco-innovation; in fact, our
empirical evidence show that Baltic firms appear to be anticipating decisions on the
expected regulation and giving it the same importance as the current regulation.
Findings show that the success of eco-innovation endeavors depends on integration
and cooperative interaction developed among firms, institutional and external partners.

The remainder of this paper is organized as follows: Section 2 focuses on the lit-
erature review and conceptual background of the eco-innovation drivers. Section 3
deals with data and variables, while Section 4 displays and discusses the methodology
and the empirical findings. The last Section summarizes and concludes the paper.

2. Conceptual background and literature

To study the main drivers of eco-innovation we focus on external and internal factors
(Arnold & Hockerts, 2010; Bossle et al., 2016; Carrillo-Hermosilla et al., 2010; Del
Rio, 2009; Del Rio et al., 2017; Galliano & Nadel, 2013; Horbach, 2008).

Among the external drivers, environmental regulation plays a significant role in
leading to eco-innovation (Arfaoui, 2018; Brunnermeier & Cohen, 2003; Cainelli
et al., 2012; Chen et al., 2012; 2020; Demirel & Kesidou, 2011; Jaegul et al., 2011;
Jaffe & Palmer, 1997; Johnstone et al., 2010; Kammerer, 2009; Kesidou & Wu, 2020;
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Mazzanti & Zoboli, 2009; Popp, 2006; Xing et al., 2019; Zhang et al., 2020).
Especially, strict environmental regulations and flexible environmental policy tools
are institutional factors that boost the firms to adopt environmental innovation
(Ghisetti & Pontoni, 2015; Pereira Sanchez & Vence, 2015). In contrast, the role of
future regulation is controversial. According to the results obtained by Horbach et al.
(2012), future regulation drives the German firms’ environmental innovation decision,
whereas the analysis carried out by Biscione et al. (2021) shows that future regulation
does not affect the eco-innovation actions in the European transition countries.

Also, cooperation with external partners is crucial for eco-innovation (De Marchi,
2012). De Marchi (2012) analyses Spanish manufacturing firms and R&D cooper-
ation. He finds a positive influence of cooperation on eco-innovation, especially the
cooperation with external partners or with stakeholders (Wagner, 2007). Analyzing
French firms, Mothe et al. (2018) find the same results.

Crucial is the role played by sector and market dimension in eco-innovation.
The empirical results depend on the sectors examined (Marin & Lotti, 2017). Firms
in low-tech industries, such as textile, footwear and plastics are less likely to trigger
environmental innovation. Conversely, most of the chemicals and pharmaceutical
firms introduce green innovations (Brunnermeier & Cohen, 2003; Horbach, 2008).
Different technological opportunities, consumers’ awareness, international competi-
tiveness, and restrictions could explain the disparity across sectors (Brunnermeier &
Cohen, 2003).

Market dimension refers to penetration in a new market segment where the com-
pany sells its product (Horbach et al., 2013; Tsai & Liao, 2017). In other words, it
reflects the entry conditions of foreign markets where countries adopt regulations for
the imported goods. The reason is to apply stringent environmental criteria to pre-
vent non-ecological goods from entering the markets (Tsai & Liao, 2017). It follows
that firms that export their products applying strict environmental regulations will be
encouraged to implement eco-innovation (Chiarvesio et al., 2015; Shi & Xu, 2018;
Tsai & Liao, 2017).

Related to the external driver is the reputation or brand image. Firms use brand
image to communicate the safety and the positive environmental effect of their prod-
ucts (Galliano & Nadel, 2013; Srivastava, 2007) and reassure the stakeholders on the
green quality of their products (Cazals, 2009). A firm with a good reputation has a
comparative advantage with respect to the others (Roberts & Dowling, 2002). For this
purpose, enterprises choose to invest resources in advertising and corporate social
responsibility (CSR) to improve their reputation (Lloyd-Smith & An, 2019).

CSR is a component of firm voluntary actions for environmental changes
(Antonioli & Mazzanti, 2009; Le Bas & Poussing, 2013). Voluntary actions with their
positive impact on environmental innovation are stimulated not only by CSR but also
by a better technological performance or a better competitive position connected to
cost reduction (Le Bas & Poussing, 2013).

Despite the incentive role of external drivers, the decision to adopt an eco-innov-
ation depends also on internal factors. These drivers allow to evaluate costs, benefits,
and risks that arise from the implementation of environmental innovation (Bossle
et al., 2016; He et al., 2018). Generally, the internal reasons can contribute to generate
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proactive sustainability behaviors (Chen et al., 2012). Among the internal drivers, cost
saving is the most relevant (Demirel & Kesidou, 2011; Green et al., 1994; Horbach,
2008; Horbach et al., 2012; 2013; Rave et al., 2011), as well as the need for efficiency
(Bossle et al., 2016). Horbach et al. (2012) find that cost saving is the main reason for
energy-saving process innovations.

Environmental management system (EMS), as cost saving, is crucial to boost
cleaner technologies. Analyzing the European countries, Wagner (2007) reveals that
EMS positively affects the probability of firms to implement an environmental innov-
ation process. On the contrary, Frondel et al. (2007) state that the adoption of envir-
onmental management systems (EMS) is associated negatively with cost saving since
the firms expect that the adoption of EMS may be expensive.

Also R&D activities affect a company’s decision to trigger eco-innovation. The
effect of R&D on eco-innovation is not clear, and in fact empirical findings are con-
troversial (Horbach et al., 2013; Kesidou & Demirel, 2012). Positively correlated with
product and process environmental innovation is the firm size (Horbach et al., 2013;
Kammerer, 2009; Kesidou & Demirel, 2012). Usually small and medium firms have
less resources compared to the large ones. It follows that large companies have a
greater economic availability to carry out an environmental innovation strategy. They
have a greater economic capacity to engage innovations that also generate benefits for
the environment. Therefore, a limited number of employees could be a barrier if
small firms lack human, technical and financial resources (Del Rio, 2009).

At last, firm’s economic performance is a prerequisite to develop eco-innovation
strategies. Many studies (Del Chiappa et al., 2018; Doran & Ryan, 2012, Przychodzen
& Przychodzen, 2015; Horbach et al., 2012; Tseng & Bui, 2017) witness that there is a
direct relationship between economic performance and the environmental innovation.

Summing up, previous studies have highlighted the effect of internal and external
drivers, in particular in European developed countries and in transition economies.
Our paper is a contribution to this literature, but differently from prevailing litera-
ture, our analysis empirically investigates these effects on firms’ environmental innov-
ation in Baltic countries.

3. Data collection and variables

In this paper we examine the effect of internal and external factors on eco-innovation
activities employing data taken from the Community Innovation Survey (CIS). It is
one of the most popular datasets exploited to investigate innovation and eco-innov-
ation practices in European countries. CIS surveys collect information on firms’
innovation activities in the manufacturing sector and are drawn from firms’ responses
to a postal questionnaire developed by the Eurostat under the methodological recom-
mendations of the Oslo Innovation Manual (OECD, 2005). CIS data have an add-
itional advantage, they allow a comparison across countries as they are constructed
using the same questionnaire and approach. At the same time, CIS data have some
limitations. First of all, CIS is a cross-sectional dataset. Second, CIS data contain lim-
ited financial information that is relevant to the observation of the firm growth.
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Finally, some indicators are available for some countries but not for others, this does
not allow us to use certain variables in the analysis.

We employ CIS 2014
2 1 that spans the 2012–2014. The initial dataset has been

filtered twice. We selected only firms from the manufacturing sectors (Divisions
10-33 NACE Rev.2 classification (see Table A1 in Appendix). In fact, for Baltic
countries, CIS 2014 data provide information on a sample of 2457 firms of the
manufacturing sector distributed as follows: (i) 941 for Estonia; (ii) 540 for Latvia
and, finally, (iii) 976 firms for Lithuania. The survey also gives details about four
types of eco-innovations (eco-process, eco-product, eco-marketing and eco-organ-
izational) introduced by the firms during the years 2012–2014. Then, we have
chosen firms that have adopted at least one of the eco-innovations. The sub-sample
examined to observe the eco-innovation consists of 896 companies. In the Baltic
countries, considered as a whole, the companies that, in the last three years, have
triggered at least one eco-innovation are about 40% of the sub-sample under obser-
vation. Only 5% of the firms have decided to mix the four types of environmen-
tal innovation.

Eco-innovation is our dependent variable and a look at the types of eco-innovation
outcomes allows us to differentiate between 4 types of eco-innovations although this
distinction should be not overemphasized since firms decide to mix different types of
eco-innovations.

Our correlated variables from the questionnaire of the CIS 2014 contain a large
number of variables that allow us to account for the determinants that affect firms’
eco-innovation activities. Firms surveyed, through a self-reported assessment, provide
information on the importance of the different aspects of eco-innovation. They
replied using a 4-point ordinal scale ranging from not relevant to highly relevant,
which were converted into dummies: “highly relevant” or “medium relevant” versus
the rest. Table 1 presents an exact definition and descriptive statistics of the set of
variables that we employ in our estimation.

With reference to external factors, the questionnaire provides information on present
and future regulations and the compliance of rules and standards. General subsidies
and tax reductions are considered for eco-innovations. External drivers that trigger an
eco-innovation are also cooperation, reputation, corporate social responsibility and
market geographic dimension. Concerning internal determinants, Environmental
Management Systems introduced between 2012–2014 (EMS 2012–2014) are considered.
They play a significant role since they allow us to understand the firm’s eco-innovation
capacity (Horbach et al., 2012). Firm’s efficiency is related to cost saving (Bossle et al.,
2016) as well as to turnover (Eiadat et al., 2008; Murat Ar, 2012; Tseng et al., 2013).
The latter is included in our study as a measure of the firm’s performance.

Another internal driver added in our estimations is R&D: the firm that makes
intramural and extramural R&D has a greater probability to adopt an eco-innovation
strategy (Horbach et al., 2012). Further variables are employed in the estimation to
account for other internal determinants that affect firms’ eco-innovation. We intro-
duce the affiliation of a firm to a group, the firm’s dimension and the industry sector,
the latter allows us to observe the technological context where the firms undertake
their activities (Galliano & Nadel, 2013). In addition, industry sector, size and country
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Table 1. Definition of variables and descriptive statistics.
Name of variable Description Mean Std. Dev.

Eco-Innovation
Eco-process Takes value 1 if company introduces process innovations

that generate Environmental Benefits, 0 otherwise
0.512 0.500

Eco-product Takes value 1 if company introduces product (goods or
services) innovations that generate Environmental
Benefits, 0 otherwise

0.311 0.463

Eco-marketing Takes value 1 if company introduces marketing
innovations that generate Environmental Benefits,
0 otherwise

0.095 0.293

Eco-organization Takes value 1 if company introduces organizational
innovations that generate Environmental Benefits,
0 otherwise

0.185 0.389

External Drivers
Present Regulations Takes value 1 if for company existing environmental

regulations are medium or highly relevant to trigger
an eco-innovation; 0 otherwise

0.367 0.482

Future Regulations Takes value 1 if for company environmental regulations
or taxes expected in the future are medium or highly
relevant to trigger an eco-innovation; 0 otherwise

0.440 0.497

Env. Subsidies and Grants Takes value 1 if for company government grants,
subsidies or other financial incentives for
environmental innovations are medium or highly
relevant; 0 otherwise

0.538 0.499

Reputation Takes value 1 if for company improving reputation is
medium or highly relevant to trigger an eco-
innovation; 0 otherwise

0.636 0.481

CSR Takes value 1 if for company to meet requirements for
public procurement contracts is medium or highly
relevant to trigger an eco-innovation; 0 otherwise

0.269 0.269

Cooperation Takes value 1 if has cooperation arrangements for
product and/or process innovation activities;
0 otherwise

National Market Takes value 1 if a company sells goods and/or services in
the national market; 0 otherwise

0.045 0.207

European Market Takes value 1 if a company sells goods and/or services in
the European market; 0 otherwise

0.093 0.291

International Market Takes value 1 if a company sells goods and/or services in
the international market; 0 otherwise

0.832 0.374

Internal Drivers
Cost saving Takes value 1 if for company high cost of energy, water

or materials are medium or highly relevant to trigger
an eco-innovation; 0 otherwise

0.632 0.483

EMS Takes value 1 if a company has procedures in place to
regularly identify and reduce your company’s
environmental impacts, 0 otherwise

0.302 0.459

Small Companies Takes value 1 if a company has 10-49 employees;
0 otherwise

0.521 0.500

Medium Companies Takes value 1 if a company has 50-249 employees;
0 otherwise

0.382 0.486

Large Companies Takes value 1 if a company has more than 250
employees; 0 otherwise

0.096 0.295

Affiliation Takes value 1 if a company is part of an enterprise group,
0 otherwise

0.362 0.481

Performance Takes value 1 1 if a company presents a turnover� to
the median turnover value (2400000 euros),
0 otherwise

0.474 0.499

Research & Development 1 if a company introduce internal and/or external R&D for
product and/or process innovation activities;
0 otherwise

0.548 0.498

Foroth Takes value 1 if a company is a part of this sector,
0 otherwise

0.118 0.322

(continued)
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dummies represent also control variables able to capture the specific differences
across firms.

4. Empirical strategy and results

The purpose of the econometric estimations presented in this paper is to observe
how both internal and external factors affect the decision to boost an eco-innovation
strategy in the manufacturing sector in the Baltic area.

Compared to the available CIS surveys, the CIS 2014 questionnaire gives information
on four categories of innovation that could generate two types of environmental bene-
fits. The latter may be generated within the firms or may depend on consumption or
use of a good or service by the end user. In this work, the four types of eco-innovations
are identified through dummies: “eco-innovative good or service” (eco-product), “eco-
innovative production process or method” (eco-process), “eco-innovative organizational
change” (eco-organizational) and eco-innovative marketing solution (eco-marketing).

As for empirical strategy, we estimate a quadrivariate probit model addressing eco-
product, eco-process, eco-marketing and eco-organizational innovations. We employ
a multivariate probit model since it allows a simultaneous estimation of the four types
of eco-innovation.

The model presents the same structure as that of a seemingly unrelated regression
(SUR) model with the exception that the dependent variables are binary indicators.
As for the SUR model, the equations do not necessarily have to include the same set
of explanatory variables. Therefore, this model fits with our theoretical background,
the explanatory variables vary across equations since the determinants of the four
types of eco-innovations are different.

We specify the following equation relating to the key explanatory factors plus con-
trols to the probability that a firm decides to introduce one of the four types of eco-
innovation outcomes:

yih ¼ x
0
ihbih þ eih

yih is the binary variable of whether firm i introduces one of the four types of eco-
innovation outcome, where h indicates the type: (i) eco-innovative good or service; (ii)

Table 1. Continued.
Name of variable Description Mean Std. Dev.

Foodbev Takes value 1 if a company is a part of this sector,
0 otherwise

0.114 0.318

Textiles Takes value 1 if a company is a part of this sector,
0 otherwise

0.170 0.375

Woodpap Takes value 1 if a company is a part of this sector,
0 otherwise

0.179 0.383

Cochem Takes value 1 if a company is a part of this sector,
0 otherwise

0.105 0.307

Metals Takes value 1 if a company is a part of this sector,
0 otherwise

0.171 0.377

Elecmot Takes value 1 if a company is a part of this sector,
0 otherwise

0.143 0.350

Source: Our Elaboration on data CIS14.
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eco-innovative production process or method; (iii) eco-innovative organizational change
and finally (iv) eco-innovative marketing solution. Moreover, bh represents the vector
of coefficients, xih is the matrix of explanatory variables and eih are the error terms.

We employ the multivariate approach because of its usefulness for analyzing firms’
eco-innovation. First, since the eco-innovation variables are not mutually exclusive,
this joint estimation of eco-innovation equations provides a realistic scenario in
which firms simultaneously decide to introduce a group of eco-innovations that can
be complementary or substitute for each other. Second, this approach allows us to
compare shared variables that impact the decisions to launch different eco-innova-
tions. Third, this method incorporates a correlation structure for the unobservable
and unmeasurable factors related to different eco-innovation outcomes.

The error term is the sum of two components, one specific for each equation that
describes the outcome of interest and one common to the others:

eih ¼ gþ uih

To sum up, the multivariate approach allows us to predict several correlated binary
outcomes in a joint way and to control for potential correlation of the error terms.

In order to evaluate if the multivariate approach fits, we perform the likelihood
ratio test on the null hypothesis that the correlation coefficients q of the error terms
are jointly equal to zero. The rejection of the null reveals that the multivariate probit
approach is preferred to the univariate one.

Table 2 collects the estimation findings. Column 1 contains the specification for
eco-process, Column 2 shows the finding for eco-product, Column 3 reports the results
for eco-marketing and Column 4 displays the results for eco-organizational. The last
part of the table shows the four pairwise correlation coefficients across equation errors.

Among the external drivers, cooperation with stakeholders has a significant and
positive association with the decision to adopt a process environmental innovation.
Firms, in fact, do not always have all the resources to innovate on their own, thus the
need to cooperate with external partners (Chesbrough, 2003, 2006). In particular, in
the Baltic area, cooperation could be considered as a driving factor to develop net-
work systems among firms, institutions and external partners. Our results on existing
environmental regulation are not consistent with the previous literature. This shows
how firms tend to favor “end of pipe” innovation (Biscione et al., 2021; Galliano &
Nadel, 2013; Horbach et al., 2012). Conversely, the expectations of a future regulation
are significant and positively associated with the three types of eco-innovation (eco-
product, eco-organization and eco-marketing). It seems that Baltic firms anticipate
the decisions on the expected regulation and give it the same importance as the exist-
ing regulation.

Also, reputation or brand image is a crucial external driver. It is strongly signifi-
cant and positively related to the adoption of product and marketing eco-innovation.
This suggests that firms use brand image to communicate the safety and the positive
environmental effect of their products (Galliano & Nadel, 2013; Srivastava, 2007).
Strictly related to the reputation are the voluntary actions, the latter are significantly
and positively associated with the decision to implement eco-innovation organization.
Differently from Biscione et al. (2021), voluntary actions are also associated with the
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Table 2. Multivariate probit regressions. Drivers of process, product, marketing and organizational
eco-innovations.

Types of eco-innovation

Eco-process Eco-product Eco-marketing Eco-organization

External Drivers
Present Regulations 0.048 �0.01 �0.161 �0.02

[0.138] [0.127] [0.166] [0.133]
Future Regulations 0.243 0.291�� 0.356� 0.463���

[0.16] [0.143] [0.19] [0.15]
Env. Subsidies and Grants �0.017 0.07 0.141 0.127

[0.156] [0.134] [0.168] [0.143]
Reputation 0.844��� 0.405�

[0.154] [0.228]
CSR �0.169 0.326�� 0.400�� 0.374���

[0.149] [0.134] [0.169] [0.142]
Cooperation 0.338��� 0.002

[0.128] [0.121]
Ref. International Market
European Market 0.176 0.530�� �0.657� �0.565�

[0.258] [0.238] [0.385] [0.328]
National Market 0.599 0.026 �0.332 0.168

[0.426] [0.434] [0.613] [0.475]
Internal Drivers
Cost saving 1.865���

[0.15]
EMS 0.009

[0.124]
Ref. Small Companies
Medium Companies 0.477��� �0.129 0.117 0.145

[0.174] [0.169] [0.219] [0.188]
Large Companies 0.563�� �0.062 0.292 0.497��

[0.223] [0.211] [0.274] [0.228]
Affiliation 0.064 �0.067 �0.166 0.281��

�0.137 �0.132 �0.172 �0.134
Performance �0.268 0.147 �0.389� �0.062

[0.18] [0.178] [0.229] [0.192]
R&D 0.066 0.536���

[0.128] [0.121]
Ref. Foroth
Foodbev 0.038 �0.003 0.196 �0.257

[0.218] [0.207] [0.257] [0.221]
Textiles �0.187 0.193 �0.247 �0.179

[0.246] [0.238] [0.332] [0.253]
Woodpap 0.450� �0.393� �0.467 �0.139

[0.230] [0.227] [0.322] [0.234]
Cochem 0.438�� �0.094 0.131 �0.089

[0.212] [0.201] [0.256] [0.212]
Metals 0.456� 0.159 0.055 �0.042

[0.244] [0.236] [0.314] [0.258]
Elecmot 0.123 0.112 �0.197 �0.262

[0.201] [0.195] [0.257] [0.210]
Ref. Estonia
Lithuania 0.688��� �0.006 �0.467�� �0.098

[0.184] [0.169] [0.194] [0.169]
Latvia 0.508�� 0.374� �0.216 0.606���

[0.209] [0.195] [0.240] [0.197]
q1 1
q2 �0.161��� 1
q3 0.128 0.417��� 1
p4 0.218��� 0.052 0.511��� 1
Log likelihood ratio test of H0: q21 ¼ q31 ¼ q41¼q32 ¼ q42¼ q43¼ 0
LR X2(6) 93.5023���
Log pseudolikelihood �1134.645
Number of Observations 724 724 724 724

Robust Standard errors in brackets; statistical significance.���p< 0.01, ��p< 0.05, �p< 0.1.
Source: Our Elaboration on data CIS14.
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eco-product and eco-marketing strategies. These findings underline the relevance of
demand and stakeholder pressure on environmental innovation strategy to promote:
(i) eco-innovation decisions toward the external environment and (ii) social activities
of firms (Les Bas & Poussing, 2013).

R&D activity exhibits a significant and positive association only with eco-products.
In this respect, the plausible interpretation is that firms invest in R&D to improve
the green quality of products. Looking at the firm’s business performance, our find-
ings show a significant, even though negative, association with the eco-marketing.
This result is in contrast with the literature (Horbach, 2008; Rennings & Rammer,
2011) although, as stated by Eiadat et al. (2008), “This is not surprising: innovation is
by its nature a risky business and [… an… ] eventual success will involve broken eggs”.

Moving on to the geographic market dimension, we find that firms oriented to the
European market, have a significant and positive correlation with the eco-product
since the European countries, sensitive to environmental issues, adopt regulations for
imported products (Tsai & Liao, 2017). Instead, the same variable is associated nega-
tively with eco-marketing with a statistical significance level equal to 10%. This result
could probably be due to the difference that still prevails between the green strategies
adopted by the Baltic countries and the standards established by the European Union
(Grundey & Zaharia, 2008).

Going to the internal drivers, cost-saving represents the one that influences the
adoption of an eco-innovation process. In fact, our results reveal that an enterprise’s
propensity to introduce eco-process is strongly affected by the cost saving. As
expected, and in line with previous studies, cost saving could be considered as the
combined result of the change in the production process and the research of firm’s
efficiency (Biscione et al., 2021; Bossle et al., 2016; Horbach, 2016). Corporate affili-
ation is only positively associated with the adoption of environmental organizational
innovation. This result is in contrast with our expectation, but in line with Biscione
et al. (2021). Corporate affiliation is not related to eco-process and eco-product. In
this respect, the plausible explanation is that even a company belonging to a group
could have an eco-innovative behavior other than the head office.

With regard to sector-specific effects, only the manufacture of coke and refined
petroleum products and the manufacture of wood and wood products are significant
and positively associated with eco-process innovation strategies given the strong
environmental impact of these peculiar sectors in the Baltic area. Other internal driv-
ers are important to explain the firm’s decision to boost eco-innovation rather than
industry-specific characteristics. Turning to the company dimension, our results show
a positive association with the decision to implement an eco-innovation not for all
levels. Firm dimension could be a possible obstacle for environmental innovation, for
small firms it is more difficult to trigger eco-innovations. Even if firm size has any
effect on the propensity of a firm to implement an environmental product or market-
ing innovations, our empirical result is in agreement with previous literature, for
instance, firm dimension affects positively eco-innovation activities in general (King
& Lenox, 2009; Melnyk et al., 2003; Triguero et al., 2013).

Country-specific dummies display differences. We have chosen Estonia as a coun-
try reference since this country improved its environmental performance from 2012
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to 2014. According to the Environmental Performance Index3, between 2012 and
2014, Estonia rose from 50th to 20th, on the contrary, during the same period,
Latvia’s ranking dropped from 2nd to 40th place, while Lithuania’s ranking dropped
from 17th to 49th place. Compared to Estonian firms, Latvian firms present a signifi-
cant and positive association with eco-process, this result is probably due to the sus-
tainable energy solutions adopted by firms. On the other hand, Latvian firms present
a significant and negative association with eco-marketing. In sum, this result shows
that firms have not yet found eco-solutions. The Lithuanian firms, on the contrary,
show a significant and positive relationship with three types of eco-innovation: pro-
cess, product and organization. This means that Lithuanian firms produce goods with
a cleaner production, resource, and energy efficiency (EIO, 2015).

Lastly, based on the multivariate probit model estimates, it can be concluded that
the error terms are correlated in most of all equations. Table 2 shows that there is a
statistical significance of most correlation coefficients (q) between the error terms.
Also, the likelihood ratio test on the null hypothesis that q is equal to zero is rejected.
These results confirm the need for multi-equation estimation since it is more appro-
priate compared to estimation of four independent binary probit models.

5. Conclusion

This study comprehensively investigated the external and internal drivers of eco-
innovation activities in the Baltic manufacturing sector using CIS 2014 data survey
collected by Eurostat. To achieve the objective, we used a multivariate probit model.
We have applied this model for two sets of reasons: (i) it allows us to reveal possible
complementarities across the four types of eco-innovation (eco-process, eco-product,
eco-organizational and eco-marketing) and (ii) it enables us to highlight the differen-
ces found across sectors and countries.

The empirical evidence shows that some specific drivers are common for some types
of eco-innovation and others are particularly significant for each eco-innovation strat-
egies. For instance, the need to increase the efficiency level captured by cost saving is
the main driver of eco-process. Expectations of the future environmental regulations
and voluntary actions are positively associated with eco-product, eco-marketing and
eco-organization. Brand image, on the contrary, is positively associated with eco-prod-
uct and eco-marketing, while R&D activities are positively and significantly related only
to eco-product strategies. Cooperation is a crucial factor for the eco-process, as it allows
to reduce the use of inputs and to gain efficiency. In other words, cooperation arrange-
ment could be considered as a guiding factor to elaborate public policy able to develop
network systems between firms, institutional and external partners. We have also found
that if the market dimension is positively associated with the eco-product innovation, it
has a negative association with the eco-marketing innovation. Thus, firms should
increase their focus on sustainable incentive in marketing and greening strategies to
promote the company’s business performance. This often means that greening strat-
egies are high cost and companies’ turnover becomes negative as shown by our find-
ings. Finally, government grants, subsidies or other financial incentives and current
regulations are never related to the firms’ decision to launch an eco-innovation.
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Clearly, our empirical findings should be interpreted taking into account some lim-
itations. These concern mainly the generalizability of the results since our analysis is
based on a survey carried out over a short time span. In fact, we use cross-sectional
data, so nothing can be stated on causality. Future research exploiting panel data
could empirically examine the direction of causality.

The second limitation is related to the covariates employed in our model. CIS2014
contains information that can only be used for eco-process and eco-product strat-
egies. Particularly, the survey does not include information on R&D activities and
cooperation arrangements consider two important variables related to the decision to
adopt eco-marketing and eco-organizational strategies.

Nevertheless, from our results it is possible to draw some suggestion for policy
makers. In this context, policy makers should adopt measures able to replace existing
paths based mainly on taxes, government grants, subsidies or other financial incen-
tives with more environmentally friendly ones. Therefore, government policies should
focus on more targeted initiatives aimed at raising awareness of entrepreneurs and
managers about how firms can achieve eco-innovation given their technological and
organizational capacities. This is the only way to achieve long-term results, rather
than short-term environmental goals. In order to provide more detailed suggestions
to policymakers on the design of actions, further research should be conducted at sec-
tor level. This type of analysis would allow us to observe the characteristics of each
sector and define more specific measures.

Notes

1. The Eco-Innovation Index shows the eco-innovation performance in the EU Member States.
In particular, it measures the eco-innovation level of a country by using 16 indicators
clustered in five dimensions: (i) eco-innovation inputs; (ii) eco-innovation activities; (iii)
eco-innovation outputs; (iv) resource efficiency and finally (v) socio-economic outcomes.

2. We use the 2014 CIS to analyze the determinants of eco-innovation in the Baltic region,
since it is the latest available survey that provides data on eco-innovation measures.

3. The Environmental Performance Index gives information on the state of sustainability of a
country. It is an index developed by Yale University and Columbia University in
collaboration with the World Economic Forum and the Joint Research Centre of the
European Commission.
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Appendix

Table A2. Relationships between the four types of eco-innovation.
Eco-process Eco-product Eco-marketing Eco-organizational

Eco-process No Yes No Yes No Yes No Yes
No 438 0 332 106 418 20 399 39
Yes 0 459 286 173 394 65 331 127
Eco-product
No 332 286 618 0 597 21 535 82
Yes 106 173 0 279 215 64 195 84
Eco-marketing
No 418 394 597 215 812 0 701 110
Yes 20 65 21 64 0 85 29 56
Eco-organizational
No 399 331 535 195 701 29 730 0
Yes 39 127 82 84 110 56 0 166

Source: Our Elaboration on data CIS14.

Table A1. Sector sample classification.
Divisions Description Acronym

10-12 Manufacture of food products, beverages and tobacco products Foodbev
13� 15 Manufacture of textiles, wearing apparel and leather and

related products
Textiles

16� 18 Manufacture of wood and of products of wood and cork, except
furniture; manufacture of articles of straw, plaiting materials and
manufacture of paper and paper products, and printing and
reproduction of recorded media

Woodpap

19� 23 Manufacture of coke and refined petroleum products, of chemicals
and chemical products, of basic pharmaceutical products and
pharmaceutical preparations, of rubber and plastic products and
of other non-metallic mineral products

Cochem

24� 25 Manufacture of basic metals and of fabricated metal products,
except machinery and equipment

Metals

26� 30 Manufacture of computer, electronic and optical products, of
electrical equipment, of machinery and equipment n.e.c., of
motor vehicles, trailers and semi-trailers and of other
transport equipment

Elecmot

31� 33 Manufacture of furniture, Other manufacturing and Repair and
installation of machinery and equipment

Foroth

Source: Our Elaboration on data CIS14.
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