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Abstract

Eco-innovation has become a clear target of EU policy strategies. Consequently, detecting drivers of
eco-innovation has become crucial to design effective eco-innovation policies. The paper focuses
on the adoption of ISO 14001 standard, with the aim to investigate to what extent the ISO
certification of Environmental Management Systems influences eco-innovation performance. A
correlation analysis between data from European Eco-Innovation Scoreboard interactive tool (ECO-
IS) reveals that, at EU country level, there is no a significant correlation between the number of ISO
14001 certified organizations and the level of some selected Eco-Innovation performance indicators.
Both the number of companies that have developed innovations with environmental benefits and
the number of patents in environmentally-related technologies are not significantly related to the
number of companies with ISO 14001 certification. Similar results were obtained by considering
only Eco-Innovation leaders, that is EU countries with above-average Eco-Innovation Index values.
These empirical evidences arise some questions and policy suggestions that will be discussed.

Keywords: Eco-innovation drivers; Environmental Management Systems; 1SO 14001 certification; Eco-Innovation
Scoreboard; Eco-Innovation Index.

1. Introduction

Innovation is the implementation of a new or significantly improved product,
process, marketing technique or organizational method (OECD, 2005). Eco-innovation
is “any form of innovation aiming at significant and demonstrable progress towards the
goal of sustainable development, through reducing impacts on the environment or
achieving a more efficient and responsible use of natural resources” (Decision N°
1639/2006/EC, L. 310-17). In December 2011, the European Commission adopted the
Eco-innovation Action Plan (EcoAP) with the aim of green innovations’ diffusion by
tackling its barriers and drivers. Eco-innovation has therefore become an explicit target
of European Union (EU) policy strategies, enabling the transition to a green economy, a
fundamental factor in order to recover from the current economic recession (Marin et
al,, 2015).

Consequently, measuring eco-innovation performance at EU country level has become
crucial to detect eco-innovation patterns and to design eco-innovation policy
implementation. The Eco-innovation index, used by the EU as an information tool for
EcoAP (Park et al., 2017), through 16 indicators monitored by of the Eco-Innovation
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Scoreboard (ECO-IS), helps policy makers to understand, nation by nation, overall eco-
innovation performance tracing its inputs and outputs.

Determinants of eco-innovation have been widely explored by the literature (Horbach,
2008; Montalvo, 2008; Kesidou & Demirel, 2012; Horbach et al., 2012; Marin et al.,
2015; Bossle et al., 2016), which has recognized the crucial role of institutional side (e.g.
regulatory environmental institutional policy), supply side (e.g. firms’ technological and
organizational capabilities), demand side (e.g. social awareness and environmental
consciousness towards green products) as factors in affecting the development of green
innovations. Most literature recognizes regulation as the most important driver of eco-
innovation (Porter & van der Linde, 1995; Kammerer, 2009; Doran & Ryan, 2012).
Regulation strategies include command and control regulations, self-regulation,
incentive-based schemes, market exploitation controls, disclosure regulation, direct
actions and public compensation mechanisms (Baldwin & Cave, 1999). Since the market
alone fails to deliver results of public interest (Dewing & Russell, 2004) environmental
regulations are very useful to support a greener environment by specifying policies and
providing strict guidelines to polluters and eco-innovators, thanks to their informative
and normative nature (Kemp, 2000).

Over the past two decades, governments and industry lobby groups have promoted
proactive voluntary approaches to normative and social public pressure, in order to deal
with more stringent environmental regulations (Barla, 2007). The implementation of
Environmental Management Systems (EMSs) that are voluntary self-regulation
frameworks setting procedures and management rules used to reduce the organization’s
impact on the environment (Darnall, 2000), is considered an internal organizational
driver to trigger the adoption of eco-innovation (Rennings et al., 2006; Wagner, 2007;
Horbach, 2008; Demirel & Kesidou, 2001; Bossle at al., 2016). Unlike government
regulation that imposes requirements on firms from outside, EMSs create environmental
awareness within organizations (Darnall & Edwards, 2006; Rehfeld et al., 2007) and
favor the development of eco-innovations (Rehfeld et al., 2007). Therefore, the adoption
of voluntary schemes as EMS could anticipate more stringent environmental normative
(Kollman & Prakash, 2002).

Among the existing schemes for EMS, the International Organization for
Standardization (ISO) 14001, which supports the improvement of environmental
performance of companies, especially for those considered to be notably polluting, has
become the most adopted standard for EMS implementation worldwide (Heras-
Saizarbitora, 2015). Since the official launch of ISO 14001 in 1996, about 360.000
organizations worldwide have obtained the certification; in Europe, from 7.253 certified
firms in 2000 to 109.133 in 2017 (ISO, 2017). According to the ISO 14001 standard, an
EMS is “the part of the overall management system that includes organizational
structure, planning activities, responsibilities, practices, procedures, processes and
resources for developing, implementing, achieving, reviewing, and maintaining the
environmental policy” (ISO, 20006, Article 3). ISO 14001 standard entails a systematic
voluntary process which leads to establish organization's environmental policies and to
environmental regulatory compliance by draw-up measurable environmental targets and
performing a continual review on their effectiveness (Salim et al., 2018). The framework
needs investigation and certification by third-party entities (Kesidou & Demirel, 2012).
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EMSs certified as ISO 14001, are fundamental means to guide and support both public
environmental policies and sustainable commercial strategies of companies (Arimura et
al., 2008). The main companies' benefits in adopting ISO 14001 standard are the
improvement of the production efficiency, the compliance with environmental
normative and the corporate reputation enhancement (Ferron-Vilkez, 2017; Mazzi et al.,
2016; Oliveira et al., 2016; Prajogo et al, 2012). Furthermore, among the EMS
certifications, only the implementation of the ISO 14001 standard becomes an important
eco-innovation driver both in the development and in the adoption-diffusion phase
(Hojnik & Ruzzier, 2016).

However, the EMS certification is also surrounded by criticism due to its high
implementation costs and due to the fact that for some companies the certification is
exclusively a bureaucratic fulfillment not linked to an effective commitment to improve
environmental impacts (Curkovic & Sroufe, 2011 ; Ferron-Vilchez, 2017).

Since the environmental objectives are established internally by the management of the
company, and not by the standard, the implementation of ISO 14001, which is rather
process-oriented, is not necessarily associated with an improvement in performance
towards the environment (Barla, 2007; Prajogo et al.,, 2012; Mazzi et al.,, 2016; Li &
Hamblin, 2016).

Based on the previous arguments, the research question of this study is to investigate to
what extent the ISO 14001 certification influences eco-innovation performance. This
study shows evidences from the EU context drawing on data from the aforementioned
on-line interactive tool ECO-IS.

The rest of the paper is structured as follows. The next section summarizes the
background concerning the ISO 14001 standard and the ECO-IS. Section 3 illustrates
data and method. Section 4 describes the results. Section 5 concludes discussing the
results and suggesting some policy implications.

2. Backgrounds

2.1 ISO 14001 standard

ISO 14001 is the most widespread international standard that provides
companies with a basic framework in order to develop and maintain an effective EMS.
ISO 14001 standard was approved in 1996 in a brief document entitled “Environmental
management system — Specification with guidance for use” by a non-governmental
International Organization for Standardization (ISO), located in Geneva. The ISO 14001
standard was revised in 2004 and in 2015 and, together with a set of other guidelines,
constitutes the ISO 14000 series. However, ISO 14001 is the only standard that specifies
EMS requirements in the ISO 14000 series. For this reason, an organization can be
certified only against this standard by an accredited third-party entity (Curkovic &
Sroufe, 2011). ISO 14001 requirements define a model by means of which any type of
organization, regardless of size, sector or geographical location, can implement a
management framework to improve its overall environmental performance with a
systematic virtuous approach (ISO, 2015). It is important to note that ISO 14001 is a
process-oriented standard, so the proposed framework does not establish the level of
environmental performance the firm must achieve nor a maturity model for
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environmental procedures and control indicators (Barla, 2007, Curkovic & Sroufe, 2011;
Oliveira et al., 2016). ISO 14001 outlines five basic requirements to set up an effective
EMS: defining a corporate environmental policy and commitment to implement an
EMS, drawing up a plan for its implementation, carrying out the EMS, monitoring and
implementation of eventual corrective actions, periodically reviewing the EMS
operations by top management to ensure continuous improvement of their effectiveness
(Barla, 2007, Curkovic & Sroufe, 2011).

Empirical studies reported that the implementation of a EMS has a positive impact upon
eco-innovation (Wagner, 2007; Horback 2008; Kesidou & Demirel, 2012; Hojinik &
Ruzzier, 2016). However, even though the implementation of ISO 14001 testifies the
developing of organisational capabilities, management literature on EMS has shown that
merely external certification does not enhance environmental innovation (Boiral, 2007;
Rondinelli & Vastag, 2000; Kesidou & Demirel, 2012).

2.2 ECO-IS

The Eco-Innovation Scoreboard (ECO-IS)! developed by the EIO? is an online
tool to trace and measure eco-innovation performance across the 28 EU Member States.
The ECO-IS collects data starting from 2010 that allow monitoring how well each EU
country performs in different dimensions of eco-innovation, compared to the EU
average. As mentioned above, the scoreboard comprises 16 indicators grouped into five
main categories that present a holistic view on economic, environmental and social EU
countries’ performance. The category “Eco-innovation Inputs” which comprises
investments (financial or human resources) aiming at triggering eco-innovation activities,
includes the following indicators: (1.1) “Governments environmental and energy R&D
appropriations and outlays”; (1.2) “Total R&D personnel and researchers” and (1.3)
“Total value of green eatly stage investments”. The category “Eco-innovation Activities”
category consists of three indicators representing innovative activities carried out by
enterprises: (2.1) “Enterprises that introduced an innovation with environmental benefits
obtained within the enterprise”; (2.2) “Enterprises that introduced an innovation with
environmental benefits obtained by the end user” and (2.3) “ISO 14001 registered
organizations”. The category “Eco-innovation Outputs” representing the level of
advancement and implementation of eco-innovation, includes: (3.1) “Eco-innovation
related patents”; (3.2) “Eco-innovation related academic publications” and (3.3) “Eco-
innovation related media coverage”. The category “Resource efficiency Outcomes”
relating to wider effects of eco-innovation of improved resource productivity, includes:
(4.1) “Material productivity”; (4.2) “Water productivity”’; (4.3) “Energy productivity” and
(4.4) “Greenhouse gas emissions intensity”. The category “Socio-Economic Outcomes”,
which represents wider effects of eco-innovation activities for society and the economy,
embraces three indicators relating to eco-industry area: (5.1) “Exports of products from

! Available at https://ec.europa.cu/envitonment/ecoap/indicators/index_en

2 The Eco-Innovation Observatory (EIO) is an initiative financed by the European Commission's Directorate-
General for the Environment from the Competitiveness and Innovation framework Programme (CIP). The Observatory
functions as a platform for the structured collection and analysis of an extensive range of eco-innovation integrated
information, targeting business, policy makers, researchers and analysts.
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eco-industries”; (5.2) “Employment in eco-industries and circular economy” and (5.3)
“Revenue in eco-industries and circular economy”.

Half of the indicators are measured with statistical data of EUROSTAT, the EU
statistical office while the rest are calculated by means of open data from international
organization, such as Patstat, Water Footprint Network and Scopus (Park et al., 2017).
ECO-IS is not a static tool because it is continuously adapted and improved, as new data
sources become available (Giljum at al., 2018a). Country specific figures of the single
indicator are weighted with the share of population in order to calculate an EU average
that corrects the bias of smaller countries, consequently each indicator is re-scaled to EU
average settled at 100. The higher is the indicator value, the higher is the eco-
performance. The overall ECO Innovation Index of each EU member state is calculated
by the unweighted mean of the 16 sub-indicators in order to avoid bias between the five
thematic areas of the index and then it is scaled to the reference EU average settled at
100. This setting facilitates index understanding and comparison between countries.
Countries with higher values than the EU average, obtain a higher score than 100 and
countries with lower figures achieve less, depending on the deviation from the EU
average. Therefore, countries are grouped into three clusters (Giljum et al., 2018b):
“Eco-innovation leaders”, scoring significantly higher than the EU average (i.e. a score
>115); “Average eco-innovation performers’ with scores around the EU average (i.c.
between 85 and 115); “Countries catching up in eco-innovation” with around 85% or
less performance compated to the EU average (i.e. scores <85).

3. Data and Method

This study used data collected from the on-line ECO-IS database. As described
in the previous section, the available data are not raw data, rather rescaled data in order
to make the various EU countries comparable for each performance indicator related to
eco-innovation. Considering the relevance of observing environmental management
requirements for business, as a proxy for the level of environmental awareness and
management capability, the on-line ECO-IS tool makes available the number per million
of population of ISO 14001 registered organizations (ECO-IS indicator 2.3) for each EU
country. Starting from that indicator we selected three more indicators for evaluate the
eco-innovation’s activity of firms for each country. Precisely, the percentage of
enterprises that introduced an innovation with environmental benefits obtained within
the firm (ECO-IS indicator 2.1), the percentage of enterprises that introduced an
innovation with environmental benefits obtained by the end user (ECO-IS indicator 2.2)
and the number, per million of population, of eco-innovation related patents® (ECO-IS
indicator 3.1).

In order to address the research question, we performed a correlation analysis between
the ECO-IS indicator 2.3 and each of the other indicators mentioned above, using the
Spearman rank correlation coefficient as proposed by Gauthier (2001). This non-
parametric correlation technique operates on ranks of the data rather than on raw data, it

3 Main environmentally-related technologies involved: energy generation from renewable and non-fossil
sources, combustion technologies with mitigation potential, emissions abatement and fuel efficiency in transportation,
energy efficiency in buildings and lighting (Giljum at al., 2018a).
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is unaffected by the distribution of the population, it is quite insensitive to outliers and it
is relatively simple to apply (Gauthier, 2001). We set up the analysis on the EU countries
for which the ECO-IS makes available the data for the years 2015-2016-2017, then we
focused on the "Eco-innovation leaders" cluster.

4. Results

The results of this study are presented as follows. For brevity, the detailed values
of correlation analysis are reported only for the year 2017. Table 1 shows Spearman
technique’s dataset for year 2017 in which X variable stands for value of ECO-IS
indicator (2.3) “ISO 14001 registered organizations” and Y variable stands for value of
ECO-IS indicator (2.1) “Enterprises that introduced an innovation with environmental
benefits obtained within the firm”. For the year 2017 only 20 countries have available
data for the both selected indicators. As the data pairs n=20 and the sum of squared
difference between ranks is 1691.5, the Spearman rank correlation coefficient (Rs) is
equal to -0.272. The absolute value of Rs is smaller than the critical value Rc (equal to
0.380 for n=20 and a =0.05). Therefore, the obtained Spearman rank correlation
coefficient is not significant at the 95% probability level.

Table 1: Spearman rank correlation dataset between ECO-IS indicator 2.3 and ECO-IS indicator
2.1 for the year 2017

2017 X=2.3 Y=2.1f RANKX| RANKY d dr2
Austria 41 152 4 19 15 225
Bulgaria 127 10 13 1 -12 144
Croatia 112 77 12 9 -3 9
Czech Republic 230 84 17 10 -7 49
Denmark 79 49 8 7 -1 1
Estonia 205 34 16 5 -11 121
Finland 130 128 14 16,5 2.5 6,25
Germany 25 188 2 20 18 324
Greece 31 92 3 13 10 100
Hungary 107 27 10 3 -7 49
Italy 261 90 19 12 -7 49
Latvia 56 33 7 4 -3 9
Lithuania 110 88 11 11 0 0
Luxembourg 51 128 6 16,5 10,5 110,25
Malta 330 51 20 8 -12 144
Poland 3 18 1 2 1 1
Portugal 45 149 5 18 13 169
Slovakia 252 43 18 6 -12 144
Slovenia 104 113 9 15 6 36
Sweden 146 112 15 14 -1 1

Table 2 shows the dataset for the same year 2017 and for the same X variable (value of
ECO-IS indicator 2.3) compared to Y’ variable that stands for value of ECO-IS indicator
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(2.2) “Enterprises that introduced an innovation with environmental benefits obtained
by the end user”. Also, in this case only 20 countries have available data for the both
selected indicators. As n=20 and the sum of squared difference between ranks is 1657.5,
the Spearman rank correlation coefficient (Rs) is equal to -0.246. The absolute value of
Rs is smaller than the critical value Rc (equal to 0.380 for n=20 and a. =0.05). Therefore,
the obtained Spearman rank correlation coefficient is not significant at the 95%
probability level.

Table 2: Spearman rank correlation dataset between ECO-IS indicator 2.3 and ECO-IS indicator
2.2 for the year 2017.

2017 X=2.3| Y'=2.2 RANK X| RANKY d d”2
Austria 41 193 4 19 15 225
Bulgaria 127 12 13 1 -12 144
Croatia 112 98 12 1 -1 1
Czech Republic 230 108 17 12 -5 25
Denmark 79 57 8 8,5 0,5 0,25
Estonia 205 42 16 5 -11 121
Finland 130 198 14 20 6 36
Germany 25 189 2 18 16 256
Greece 31 139 3 13 10 100
Hungary 107 32 10 3 -7 49
Italy 261 44 19 7 -12 144
Latvia 56 41 7 4 -3 9
Lithuania 110 92 11 10 -1 1
Luxembourg 51 163 6 16 10 100
Malta 330 57 20 8,5 -11,5 132,25
Poland 3 25 1 2 1 1
Portugal 45 171 5 17 12 144
Slovakia 252 43 18 6 -12 144
Slovenia 104 148 9 14 5 25
Sweden 146 158 15 15 0 0

Similarly, Table 3 shows the dataset for the same year 2017 and for the same X variable
(value of ECO-IS indicator 2.3) compared to Y” variable that stands for value of ECO-
IS indicator (3.1) “Eco-innovation related patents”. In this case 25 countries have
available data for the both selected indicators. As n=25 and the sum of squared
difference between ranks is 3264.5, the Spearman rank correlation coefficient (Rs) is
equal to -0.256. The absolute value of Rs is smaller than the critical value Rc (equal to
0.337 for n=25 and a =0.05). Therefore, the obtained Spearman rank correlation
coefficient is not significant at the 95% probability level.

Published by ECSDEV, Viadei Fiori, 34, 00172, Rome, Italy http://ecsdev.org



S. Brogi, T. Menichini 299

Table 3: Spearman rank correlation dataset between ECO-IS indicator 2.3 and ECO-IS indicator
3.1 for the year 2017.

2017 X=2.3] Y'"=3.1] RANKX| RANKY d dr2
Austria 41 165 6 20 14 196
Belgium 17 42 3 10 7 49
Bulgaria 127 4 16 1 -15 225
Croatia 112 8 15 3 -12 144
Czech Republic 230 51 23 12,5 -10,5 110,25
Denmark 79 189 11 22 1 121
Estonia 205 57 22 14 -8 64
Finland 130 228 18 23 5 25
France 15 181 2 21 19 361
Germany 25 235 4 24.5 20,5 420,25
Greece 31 24 5 7 2 4
Ireland 85 51 12 12,5 0,5 0,25
Italy 261 14 25 5 -20 400
Latvia 56 26 9,5 8 -1,5 225
Lithuania 110 16 14 6 -8 64
Luxembourg 51 123 8 19 11 121
Netherlands 56 83 9,5 18 8,5 72,25
Poland 3 62 1 15 14 196
Portugal 45 6 7 2 -5 25
Romania 165 35 21 9 -12 144
Slovakia 252 11 24 4 -20 400
Slovenia 104 63 13 16 3 9
Spain 156 46 20 11 -9 81
Sweden 146 235 19 24.5 55 30,25
United Kingdom 128 65 17 17 0 0

We carried out the Spearman correlation analysis also for 2015 and 2016. Subsequently
we repeated the analysis focusing only on the countries belonging to the "Eco-
innovation leaders" cluster. According to ECO Innovation Index, in 2015 and 2016 the
eco innovation leader countries were Denmark, Finland, Germany, Luxembourg and
Sweden; in 2017, in addition to these countries, Slovenia was also included in the cluster.
Table 4-a and Table 4-b summarize the findings.
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Table 4-a: Results of Spearman correlation analysis between 2.3 and each of 2.1, 2.2, 3.1 ECO-IS
indicators (n= number of countries with available data pairs; Rc=critical value; Rs= Spearman’s

rank correlation coefficient).

23vs21 2.3vs 2.2 2.3vs 3.1

n= 20 n= 20 n= 27
Re= 0.38 Re= 0.38 Re= 0.324

2015 |Rs=-0.021 Rs=-0.183 Rs=-0.033
Rs not significant at  |Rs not significant at ~ |Rs not significant at
95% prob. level 95% prob. level 95% prob. level
n= 20 n= 20 n= 25
Re= 0.38 Re= 0.38 Re= 0.337

2016 |Rs=-0.361 Rs=-0.365 Rs= -0.244
Rs not significant at  |Rs not significant at  [Rs not significant at
95% prob. level 95% prob. level 95% prob. level
n= 20 n= 20 n= 25
Re= 0.38 Re= 0.38 Re= 0.337

2017 |Rs=-0.272 Rs=-0.246 Rs=-0.256
Rs not significant at  |Rs not significant at ~ |Rs not significant at
95% prob. level 95% prob. level 95% prob. level

Table 4-b: "Eco-innovation leaders" cluster - results of Spearman correlation analysis between
the ECO-IS indicators 2.3 and each of 2.1, 2.2 and 3.1 ECO-IS indicators (n= number of
countries with available data pairs; Rc=critical value; Rs= Spearman’s rank correlation

coefficient).
2.3vs 2.1 2.3vs 2.2 2.3vs 3.1
n=4 n=4 n=5
Re= 1 Re= 1 Re= 0.9
2015 Rs=-0.8 Rs=-0.8 Rs=-0.125

Rs not significant at
95% prob. level

Rs not significant at
95% prob. level

Rs not significant at
95% prob. level

Rs not significant at
95% prob. level

Rs not significant at
95% prob. level

n=>5 n=>5 n=>5
Re= 0.9 Re= 0.9 Re= 0.9

2016 Rs=-04 Rs= 0.0 Rs=-0.6
Rs not significant at |- Rs not significant at
95% prob. level 95% prob. level
n=06 n=06 n=06
Re= 0.829 Re= 0.829 Re= 0.829

2017 |Rs=-0.5 Rs=-0.086 Rs= 0.129

Rs not significant at
95% prob. level

The findings show that for the years 2015-2016-2017 there is no significant correlation
between the number of ISO 14001 certified organizations (ECO-IS indicator 2.3) and
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the number of enterprises that introduced an innovation with environmental benefits
obtained within the firm (ECO-IS indicator 2.1). We obtain the same result by
considering the number of enterprises that introduced an innovation with environmental
benefits obtained by the end user (ECO-IS indicator 2.2) and the number eco-innovation
related patents (ECO-IS indicator 3.1).

By considering the ECO-IS indicators 2.1, 2.2 and 3.1 as a proxy for the companies’ eco-
innovation activities and results, findings suggest that for the years under analysis, the
number of ISO 14001 certifications is not significantly related to eco innovation
performance.

5. Discussion and conclusions

Given the importance of complying with the ISO 14001 standard as an essential

factor for companies that want to reduce the impact of their activities on the
environment, both scientists and professionals in many countries have already
investigated the pros and cons of adopting EMSs (Campos, 2016). EMSs and particularly
ISO 14001 certified EMS are important instruments to underpin governments’
environmental policies and sustainable business strategies of enterprises (Mazzi et al.,
2016). Some authors argue that adopting environmental certification practices, such as
ISO 14001 certification, represents a crucial first step for the introduction of pro-active
environmental practices. Indeed, these practices represent a source of change leading to
internal and significant effects that boost eco-innovation (Azzone & Noci, 1998; Bossle
et al,, 2016). However, the correlation between environmental performance and ISO
14001 certification primarily relies on the experience and effective implementation of
improvement actions (Lannelongue et al., 2015), and it can be affected by the difficulty
of understanding the crucial factors for an effective realization of EMS requirements
(Mazzi et al., 2016).
Analysis of ECO-IS data in the years 2015-2016-2017 reveals that the number of ISO
14001 registered organizations (ECO-IS indicator 2.1) is not significantly related to key
eco-innovation performance such as the percentage of enterprises that introduced an
innovation with environmental benefits obtained within the firm (ECO-IS indicator 2.1),
the percentage of enterprises that introduced an innovation with environmental benefits
obtained by the end user (ECO-IS indicator 2.2) and the number of eco-innovation
related patents (ECO-IS indicator 3.1). Thus, this indicator is not completely useful to
understand and assess eco-innovation patterns in EU context over time. Given the
importance of measuring the progress of eco-innovation drivers in order to understand
the overall trend of environmental innovation (Park et al, 2017), the present study
highlights the need for a new and more effective assessment approach to understand the
influence of ISO 14001 standard on eco-innovation performance.
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