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Abstract

Eco-innovation plays an increasingly important role for 
the competitiveness of companies. It opens up new 
market opportunities due to the growing demand for 

eco-friendly products and can increase business efficiency. 
Using a dynamic capabilities lens, this article analyzes the 
relationships between various types of eco-innovation 
(product, process and organizational) and firm efficiency 
in the context of less innovative and more innovative 
companies. We use data from an online survey of Slovenian 
companies that have implemented eco-innovations as part 
of their operations. Statistical tests include an analysis of 
variance and a linear regression analysis.

We find that organizational eco-innovation positively 
affects firm efficiency at all companies independent of 
their innovation potential, while process eco-innovation 
is positively associated with firm efficiency only among 
more innovative companies. In addition, at less innovative 
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companies, firm age positively affects firm efficiency, 
suggesting that older and less innovative companies may 
enjoy learning curve benefits derived from experience. 
However, firm size has a positive effect on firm efficiency 
at more innovative companies, suggesting that more 
innovative companies may benefit from economies of scale. 
In general, more innovative companies are more likely to 
engage in eco-innovation and more likely to derive cost 
benefits (efficiency) from different types of eco-innovation.

The main limitations of our analysis are the subjective 
data on the level of firms’ innovation and efficiency, the 
cross-sectional study design, and the single-country setting. 
Further in-depth longitudinal studies could better model 
the direction of causality between the implementation of 
eco-innovation and business efficiency, obtain objective 
data on business innovation, and ensure a more detailed and 
nuanced exploration of dynamic firm capabilities.
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To pursue and achieve environmental sustainability, companies around the world increasingly 
engage in eco-innovation. Eco-innovation is defined as the “introduction of any new or significantly 
improved product (good or service), process, organizational change or marketing solution that 

reduces the use of natural resources (including materials, energy, water and land) and decreases the 
release of harmful substances across the lifecycle” [European Commission, 2012, p. 8]. Eco-innovations 
facilitate the transition from a traditional or “linear” economy to an environmentally sustainable, “circular” 
economy. The circular economy is grounded in the three “R” principles—Reduce, Reuse and Recycle 
[Bourguignon, 2016; Ness, 2008; Su et al., 2013]. It promotes the adoption of closed-loop and cleaner 
production processes and increases the efficiency of resource use in order to achieve a better balance 
between and harmony among the three pillars of sustainability: economy, environment and society 
[Ghisellini et al., 2016]. Eco-innovations cannot be implemented successfully without environmental 
awareness and environmental responsibility on the part of both producers and consumers. Ample prior 
research demonstrates that both companies’ environmental consciousness and customers’ purchasing 
choices are needed in order to facilitate the transition to a more circular economy [Agan et al., 2013; 
Hojnik, Ruzzier, 2016b; Horbach et al., 2012; Li, 2014]1. 
Although both consumers and producers are important stakeholders in the adoption of eco-innovation, 
there is tension in the process of creating and capturing environmental, social, and economic value. This is 
because the creation of customer value through eco-innovation does not guarantee the capture of economic 
value by the producer. Many consumers clearly derive tangible and intangible benefits from eco-innovations. 
Increasingly consumers are looking for environmentally friendly alternatives and are willing to pay higher 
prices for such products [Chen, 2013]. Thus, producers are expected to provide proper design, production, 
sales and recycling in order to meet consumers’ demands for “green” products [Sarkar, 2013]. Consumers 
not only push companies to act in an environmentally responsible manner but also expect to reap private 
environmental benefits from eco-products such as cost and energy savings; improved product quality and 
durability; better repair, upgrade and disposal opportunities; and reduced health risks [Kammerer, 2009].
The effect of eco-innovation on producers’ performance is far less clear. On the one hand, companies 
engaged in eco-innovation can derive cost savings by reducing raw material usage and energy dependency, 
which increases efficiency and improves competitiveness [EASAC, 2015]. The opportunity to realize cost 
savings (e.g., energy or material savings) is indeed one of the main reasons for investing in eco-innovations 
[Belin et al., 2011; Govindan et al., 2014; Horbach, 2008; Montabon et al., 2007). On the other hand, firm 
efficiency depends upon the type of eco-innovation, as only the most advanced eco-innovations will 
have the potential to generate cost savings and add to firm efficiency [Kesidou, Demirel, 2012]. In light of 
these tensions, we ask: (1) What specific types of companies are more likely to invest in eco-innovation?  
(2) What is the effect of different types of eco-innovation (i.e., product, process, and organizational) on firm 
efficiency?
To develop our theoretical argument, we build upon the dynamic capabilities perspective [Eisenhardt, 
Martin, 2000; Teece et al., 1997), which is an extension of the resource-based view [Piening, Salge, 2015; 
Wernerfelt, 1984]. We follow Teece et al.’s definition of dynamic capabilities as a firm’s “ability to integrate, 
build, and reconfigure internal and external competences to address rapidly changing environments.” [Teece 
et al., 1997, p. 516]. Our main premise is that more innovative companies are also more likely to engage 
in eco-innovation, as they already have developed capabilities for innovation. Furthermore, we expect 
that eco-innovation is more likely to lead to improved efficiency among more innovative companies. Our 
main contribution is an exploration of the effects of different types of eco-innovation (product, process and 
organizational) upon firm efficiency. In addition, we take a fine-grained approach and explore these effects 
in two sub-samples — more and less innovative companies — in order to provide more detailed insights 
into eco-innovation’s effects on firm efficiency. Empirically, we contribute by documenting eco-innovation 
practices and their effect on firm efficiency in the context of Slovenia, a country that has successfully made 
the transition to an innovation-driven economy [WEF, 2016]. 
Slovenia provides a very appropriate study subject because it is both entrepreneur-friendly and 
environmentally-conscious. According to the latest GEM (Global Entrepreneurship Monitor) report, the 
level of perceived entrepreneurial opportunities in the country shows an upward trend. Slovenia also ranks 
high (22nd out of 60 surveyed countries) with respect to the societal values concerning entrepreneurship, 
i.e., entrepreneurs are accorded high social status [GEM, 2016]. Slovenia ranks 15th out of 139 countries in 
environmental performance, 12th out of 138 in the number of ISO14001 environmental certificates issued, 
and 28th out of 141 in the Global Innovation Index rankings [Dutta et al., 2016]. Thus, innovation, including 
eco-innovation, is becoming an indispensable part of Slovenian companies’ strategies to survive and achieve 
a competitive advantage [Adalikwu, 2011].
Our paper proceeds as follows. In the next section, we set up the theoretical background and develop our 
research hypotheses. Then, we describe the study’s methodology and sample characteristics and variables. 
The subsequent section reports upon the results, while the final section discusses this paper’s implications 
for theory and practice.

1  See also the extensive literature review by [Hojnik, Ruzzier, 2016a].
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Theoretical background and research hypotheses
We grounded our argument in the dynamic capabilities perspective. Firm-level capabilities are 
conceptualized as the ability of a firm to perform an activity with predictable efficiency over time [Nelson, 
Winter, 1982]. Examples of firm-level capabilities include innovation, marketing, logistics, and customer 
service. Because capabilities are “invisible assets”, and because some of the learning is difficult to articulate 
and transfer to other organizations [Teece, 1981], capabilities are firm-specific and are likely to provide a 
firm with a source of competitive advantage [Barney, 1991].
The capability view of a firm has been extended to the context of dynamic environments, with the idea 
that said firm’s capabilities must be dynamic: companies must constantly adapt, reconfigure and renew 
their resources and capabilities in order to address environmental change and achieve congruence with 
the changing business environment [Teece et al., 1997]. Therefore, dynamic capabilities have been defined 
as the company’s potential to systematically solve problems, sense opportunities and threats, make timely 
decisions, and implement strategic decisions and changes efficiently to ensure that the company is following 
the right path [Li, Liu, 2014, p. 2793]. Dynamic capabilities are thus related to organizational change that 
promotes innovation and, as a result, improves the company’s evolutionary fitness [Makkonen et al., 2014]. 
The dynamic capabilities perspective garnered much attention because a resource-based strategy grounded 
on the simple accumulation of valuable assets/resources, protected by an aggressive intellectual property 
stance, proved inadequate to support a significant competitive advantage [Teece et al., 1997]. To be globally 
competitive, companies need to demonstrate responsiveness and rapid, flexible product innovation, coupled 
with the management capability to effectively coordinate and redeploy market positions and expansion 
paths [Teece et al., 1997].
Applying the dynamic capability perspective to the context of eco-innovation, we can expect that these 
companies that have already developed a firm-level innovation capability to find it easier to engage in eco-
innovation. This is because these companies already have innovation experience, well-established routines, 
and task-management processes in place. In addition, firms that have innovation capabilities are likely to 
have developed the skills to articulate, codify, share, and internalize innovation-related knowledge, which 
can be successfully transferred and used for the launch of eco-innovations. Formally, we hypothesize:

Hypothesis 1: More innovative companies will demonstrate higher levels of eco-innovation compared to less 
innovative companies.

Cost savings are among the main reasons for companies to invest in eco-innovation [Belin et al., 2011; 
Horbach, 2008]. Eco-innovation and better environmental performance can lead to the reduction of several 
expenditures, especially in the following areas: cost of materials, energy and services; cost of capital; cost 
of labor; risk management and relations with external stakeholders [Ambec, Lanoie, 2008]. Based on a 
study of SMEs, Klewitz [Klewitz, 2012] found that companies can benefit from cost savings (increased 
energy efficiency) when dealing with sustainability-related issues. Large financial gains can thus be derived 
from energy and material saving, waste reduction, and addressing lifecycle costs [Shrivastava, 1995]. 
Environmental management practices associated with cost savings include recycling (more efficient use 
of materials tends to reduce the cost structure), proactive waste reduction, and remanufacture (both focus 
on lowering cost structure) [Montabon et al., 2007]. Companies have acknowledged that reuse leads to 
lower costs (i.e., instead of purchasing new materials, they reuse materials and thus are able to lower costs) 
[Govindan et al., 2014]. However, not all eco-innovations pay off. Cost savings associated with firm efficiency, 
which can be attained through the successful implementation of eco-innovation, depend upon the type 
of eco-innovation. This means that cost savings are most closely associated with the most advanced eco-
innovations, which encompass the elimination/reduction or reuse of material waste, while less advanced 
eco-innovations have a lower potential for creating cost savings and contributing to firm efficiency [Kesidou, 
Demirel, 2012]. Although empirical results are mixed, the majority of research points out the significance 
of cost savings for process eco-innovations [Triguero et al., 2013]. In addition, environmental technologies 
have the potential to decrease operating costs by exploiting ecological efficiencies [Shrivastava, 1995]. 
Overall, companies that focus on green product, process and managerial innovations are likely to increase 
their savings, efficiency, and productivity [Chiou et al., 2011]. Formally, we hypothesize:

Hypothesis 2: Eco-innovation will positively impact firm efficiency.

Methodology
Data collection and sample
The main objective of this study is to explore the relationship between different types of eco-innovation 
(product, process and organizational eco-innovations) and firm efficiency. Data on specific types of eco-
innovation at the firm level are usually not available from published sources. To overcome this difficulty, we 
used a survey (an e-mail questionnaire distributed to environmental managers and directors of Slovenian 
companies that use eco-innovations within their entrepreneurial activity), which we sent out in November 
2014. The survey was e-mailed along with a cover letter explaining the general purpose of the study, and 
anonymity was guaranteed in order to increase the response rate. A comprehensive literature review was 
undertaken prior to designing the survey instrument to ensure the reliability and validity of the measures. 
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Table 1. Sample characteristics 

Characteristics

Firm’s Innovativeness Level
Low (98 companies) High (125 companies)

Number of 
companies Percentage Number of 

companies Percentage

Firm size

Micro company 32 32.7 20 16
Small company 30 30.6 38 30.4
Medium company 22 22.4 34 27.2
Large company 14 14.3 33 26.4

Firm age

3 years or fewer 1 1 3 2.4
4-9 years 9 9.2 6 4.8
10-19 years 21 21.4 18 14.4
20 years and more 67 68.4 96 76.8

Type of industry Service industry 79 80.6 53 42.4
Manufacturing industry 19 19.4 72 57.6

Type of commerce 
transactions

Business-to-business (B2B) 58 59.2 55 44
Business-to-customer (B2C) 40 40.8 69 55.2
Both (B2B and B2C) - - 1 0.8

Internationalization (operating on foreign markets) 52 53.1 99 79.2
Have EMAS environmental certificate 1 1 3 2.4
Have ISO 14001 environmental certificate 28 28.6 58 46.4
Source: compiled by the authors.

In addition, prior to data collection, the survey was pre-tested for content validity. First, eight experienced 
researchers were asked to critique the questionnaire for ambiguity, clarity and appropriateness of the used 
terminology. Second, we asked five environmental managers to discuss the questionnaire, comment on term 
appropriateness and identify any vagueness. Based on their feedback, the questionnaire was adjusted. Over 
a three-month period (November 2014 through February 2015) and after three reminders, we collected 
223 completed questionnaires out of the 6,564 companies to which we sent the questionnaire, resulting 
in a response rate of 3.40%. A low response rate was expected, since the questionnaire was only available 
online and only companies that engage in eco-innovation activities were asked to respond (in order to 
avoid excluding any companies that are active in eco-innovation, the questionnaire was sent to the entire 
population of companies).
As we discuss in more detail below, the sample was next divided into two sub-samples: more innovative 
companies (N = 125 companies) and less innovative companies (N = 98 companies). Table 1 reports the 
characteristics of the two sub-samples.
The two sub-samples differ in size distribution.2 The subsample of less innovative companies includes more 
micro companies (32 companies) and fewer large companies (14 companies), while in the subsample of 
the more innovative companies the situation is reversed (there are 33 large companies and only 20 micro 
companies). The majority of the companies in both sub-samples are 20 or more years old. With respect 
to industry distribution, more innovative companies are predominantly in manufacturing, while less 
innovative companies operate mainly in service-related industries. All companies in the analyzed sample 
deploy some sort of eco-innovation, however, the more innovative companies are more likely to have 
garnered environmental certificates (EMAS or ISO14001).

Variables
Both the dependent and independent variables are measured using multi-item scales. Prior to running the 
regression calculations, we ascertained the validity and reliability of the measurement model using factor 
and reliability analysis. We factor-analyzed each of our independent variables, i.e., eco-innovation type 
(e.g., product, process, or organizational eco-innovation) and our dependent variable, firm efficiency (the 
extraction method was Maximum Likelihood, and the rotation was Direct Oblimin).
Product eco-innovation was measured using a six-item, seven-point Likert-type scale, adapted from [Chen 
et al., 2006; Chen, 2008; Chiou et al., 2011] and ranging from 1 (“strongly disagree”) to 7 (“strongly agree”), 
with 4 as the neutral anchor. We first conducted an exploratory factor analysis, which showed that all six 
items loaded on a common factor — product eco-innovation. The value of the Kaiser-Meyer-Olkin (KMO) 
measure for sampling adequacy was 0.846, which can be interpreted as excellent, because it is above 0.80 
and suggests that there are high enough correlations between variables for suitable use of factor analysis. 
In addition, Bartlett’s test of sphericity showed a statistically significant value (chi-square = 712.159;  

2  We used the European firm size classification criteria, as follows: micro companies (fewer than 10 employees); small companies 
(10-49 employees); medium-sized companies (50-249 employees); and large companies (250 employees and above). See http://
ec.europa.eu/eurostat/statistics-explained/index.php/Glossary:Enterprise_size.
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df = 15; p = 0.000), meaning that the correlation matrix has significant correlations. The communality index 
showed good communalities for almost all items (above the threshold of 0.2), and the explained variance is 
estimated to be 55.245%. 
Five items measured process eco-innovation [Chen et al., 2006; Chen, 2008; Chiou et al., 2011]. The 
exploratory factor analysis also extracted a single factor, which explained 68.441% of total variance. The 
Kaiser-Meyer-Olkin measure for sampling adequacy (KMO = 0.861) and Bartlett’s test of sphericity (chi-
square = 807.261; df = 10; p = 0.000) showed good results. 
Six items were used to measure organizational eco-innovation [Cheng, Shiu, 2012]. The exploratory factor 
analysis extracted a single factor which explained 78.368% of the total variance. The Kaiser-Meyer-Olkin 
measure for sampling adequacy (KMO = 0.901) and Bartlett’s test of sphericity (chi-square = 1454.634; df = 
15; p = 0.000) also showed good results.
Following Sharma and Vredenburg [Sharma, Vredenburg, 1998], we measured efficiency (our dependent 
variable) with a six-item, seven-point Likert-type scale. An exploratory factor analysis was conducted, 
and regression factor scores were saved and used in further analysis, as for all eco-innovation types. The 
extraction method used was Maximum Likelihood, and the rotation was Direct Oblimin. The exploratory 
factor analysis for firm efficiency also extracted only one factor, explaining 71.637% of the total variance. 
The Kaiser-Meyer-Olkin measure for sampling adequacy (KMO = 0.860) and Bartlett’s test of sphericity 
(chi-square = 1275.002; df = 15; p = 0.000) showed good results. 
The results from the factor analysis are reported in Tables 2 and 3.
Since we are interested in whether more innovative companies are also more likely to develop eco-innovation, 
we introduced a grouping variable, “company innovativeness”. We identified whether a company is more 
or less innovative based on the following three statements: 1) Company has launched a new product or 
service at the global level; 2) Company has launched a new product or service in the company’s offering, 
even though similar products or services already exist on the market; and 3) Company has expanded the 
present offering with new types. Companies were asked to estimate to what extent the above statements 
held true for them (using a 7-point Likert-type scale, ranging from 1 = not true at all to 7 = completely true). 
We classified companies as more or less innovative by a median split of the sample (the three items were 
summed up and divided by three). In our regression estimations, we also controlled for firm size, firm age 
and type of industry. 

Table 2. Description of factor items and their loadings

Items Factor item loadings
Product eco-innovation

The company is using environmentally friendly materials 0.888
The company is improving and designing environmentally friendly packaging for existing and new products 0.866
The company is recovering the company’s end-of-life products and recycling 0.811
The company chooses product materials that consume the least possible amount of energy and resources for 
conducting product development or design

0.659

The company uses the smallest possible amount of materials to create the product for conducting product 
development or design

0.634

The company deliberately evaluates whether the product is easy to recycle, reuse and decompose when 
conducting product development or design

0.532

Process eco-innovation
Low energy consumption of materials such as water, electricity, gas and petrol during production/use/disposal 0.924
Recycle, reuse and remanufacture of materials 0.909
Use of cleaner technology to generate savings and prevent pollution 0.808
The manufacturing process of the company effectively reduces the emission of hazardous substances or waste 0.758
The manufacturing process of the company reduces the use of raw materials 0.716

Organizational eco-innovation
Our firm management often uses novel systems to manage eco-innovation 0.930
Our firm management often collects information on eco-innovation trends 0.929
Our firm management often actively engages in eco-innovation activities 0.891
Our firm management often communicates about eco-innovation information with our employees 0.888
Our firm management often invests substantially in R&D on eco-innovation 0.866
Our firm management often communicates about experiences among various departments involved in eco-
innovation

0.801

Firm efficiency
Reduction in material costs 0.919
Reduction in process/production costs 0.908
Increased process/production efficiency 0.839
Increased productivity 0.816
Increased knowledge about effective ways to manage operations 0.812
Improved product quality 0.774
Source: compiled by the authors based on [Chen et al., 2006; Chen, 2008; Chiou et al., 2011; Cheng, Shiu, 2012; Sharma, Vredenburg, 1998].

Hojnik J., Ruzzier M., Manolova T., pp. 103–111
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Table 3. General characteristics of factors

Factors Number of factors extracted Eigen- value Cronbach’s alpha
Product eco-innovation 1 3.735 0.866
Process eco-innovation 1 3.739 0.912
Organizational eco-innovation 1 4.919 0.956
Firm efficiency 1 4.583 0.938
Source: compiled by the authors.

Table 4. Correlations, means and standard deviations of all variables

Product eco-
innovation

Process eco-
innovation

Organizational 
eco-innovation

Firm 
efficiency

Firm age Firm size Type of 
industry

Product eco-innovation 1
Process eco-innovation 0.737** 1
Organizational eco-innovation 0.622** 0.644** 1
Firm efficiency 0.410** 0.473** 0.532** 1
Firm age 0.128 0.160* -0.017 0.138* 1
Firm size 0.040 0.091 -0.011 0.201** 0.346** 1
Type of industry 0.176** 0.176** 0.071 0.153* 0.160* 0.240** 1
Mean value 4.61 5.46 4.34 3.94 2.63 1.44 0.41
Standard deviation 1.51 1.38 1.59 1.53 0.692 1.067 0.493
Notes: 
**Correlation is significant at the 0.01 level (2-tailed); *correlation is significant at the 0.05 level (2-tailed).
Control variable Firm age was coded as follows: 0 = 3 or fewer years, 1 = 4-9 years, 2 = 10-19 years, 3 = 20 or more years.
Control variable Firm size was coded as follows: 0 = micro company, 1 = small company, 2 = medium-sized company, 3 = large company.
Control variable Type of industry was coded as follows: 0 = service-related industry, 1 = manufacturing industry.
Source: compiled by the authors.

Before proceeding with the regression analysis, we checked for multicollinearity. We examined the 
Variance Inflation Factor (VIF), which is a widely used measure of the degree of multicollinearity of the i-th 
independent variable with the other independent variables in a regression model [O’Brien, 2007]. Various 
rules of thumb for values of VIF have appeared in the literature (rule of 4, rule of 10, etc.); however, when the 
VIF exceeds these values, these rules often are interpreted as casting doubt on the results of the regression 
analysis [O’Brien, 2007]. In our case, all VIF values were below the recommended threshold of 4, alleviating 
multicollinearity concerns (the highest VIF value was 2.539, and the lowest VIF value was 1.056).
Table 4 reports the means, standard deviations, and correlations for all variables entered into the regression 
analysis.

Results
We tested Hypothesis 1 by running an analysis of variance (t test). We found significant differences 
between less and more innovative companies across all three types of eco-innovation (product, process and 
organizational eco-innovation). The results are reported in Table 5. Thus, Hypothesis 1, which stated that 
more innovative companies would demonstrate higher levels of eco-innovation compared to less innovative 
companies, was fully supported.
In order to test the relationship between the different types of eco-innovation and firm efficiency, we 
continued with a linear regression analysis. In addition to testing the main relationship between eco-
innovation and firm efficiency, we also controlled for the effects of various factors that may affect firm 
efficiency (firm size, firm age and type of industry in which the firm operates). Linear regression analysis 
was conducted separately for each sub-sample, that is, for the less innovative companies (Table 6) and the 
more innovative companies (Table 7).
For the sub-sample of less innovative companies (Table 6), the tested model is statistically significant 
(sig = 0.000; F = 6.803). Organizational eco-innovation is significantly and positively associated with firm 
efficiency while the other two types of eco-innovation (i.e., product and process eco-innovation) do not 
exert a statistically significant effect on firm efficiency. Among the control variables (firm age, firm size and 
type of industry), only firm age has a significant effect on firm efficiency while neither firm size nor type of 
industry affect firm efficiency at less innovative companies.
In the sub-sample of more innovative companies (Table 7), the model is also statistically significant (sig = 
0.000; F = 12.000). Results indicate a positive and significant effect of both process and organizational 
eco-innovation on firm efficiency. However, we do not find any significant relationship between product 
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eco-innovation and firm efficiency; this indicates that, similar to less innovative companies, product eco-
innovation also does not contribute to firm efficiency at more innovative companies. When controlling for 
the effect of various factors such as firm size, firm age and type of industry, we find that only firm size has  
a positive effect on firm efficiency, while firm age and type of industry do not have a significant effect.
Collectively, the results from the two regression estimations provide partial support for Hypothesis 2, as in 
both sub-samples some types of eco-innovation are positively associated with firm efficiency. Furthermore, 
the association between eco-innovation and firm efficiency is more robust in the sub-sample of more 
innovative companies, in that both organizational and process eco-innovations positively affect firm 
efficiency, whereas in the sub-sample of less innovative companies only organizational eco-innovation 
demonstrates a significantly positive effect.

Discussion and conclusions
Based on the empirical evidence provided above, we can conclude that more innovative companies 
demonstrate higher levels of eco-innovation compared to less innovative companies. This supports the 
dynamic capability explanation [Teece et al., 1997] which posits that more innovative companies will 
demonstrate higher levels of eco-innovation compared to less innovative companies because they have 
already developed the requisite processes for engaging in, completing, sharing, and storing the outputs from 
the innovative process. In addition, more innovative companies tend to be more likely to implement more 
complex eco-innovation types (such as process eco-innovations) and also appear to be more capable of 
reaping benefits from the implementation of eco-innovations. Our results indicate that at more innovative 
companies, two types of eco-innovation — process and organizational eco-innovation — lead to better 
firm efficiency, while at less innovative companies, only organizational eco-innovation contributes to firm 
efficiency. It is also worth noting that organizational innovation is the least complex form of eco-innovation, 
as it requires fewer resources (human and financial) and knowledge. 
Our finding that process eco-innovation positively affects firm efficiency at more innovative companies 
is in line with the findings of [Triguero et al., 2013]. Furthermore, we found empirical evidence that 
organizational eco-innovation positively affects firm efficiency at both more and less innovative companies, 
which corresponds to the findings of [Chiou et al., 2011]. However, we did not find any empirical evidence 
to support the notion that product eco-innovation contributes to firm efficiency, for which prior research 
[Chiou et al., 2011] found a positive link. 
In addition, when controlling for the effects of firm size, firm age and type of industry, we found that, at less 
innovative companies, firm age has a positive effect on firm efficiency, while at more innovative companies, 
it is firm size that affects firm efficiency. It appears that among less innovative companies, older companies 
are more efficient than younger ones. The reason for this may be that older companies have already gained 

Table 5. The results of the t test for the two sub-samples based on company innovativeness  
(sub-groups of less innovative companies and more innovative companies)

Variables
Firm’s Innovativeness Level

t-testLow High
Mean SD Mean SD

Product eco-innovation 4.21 1.57 4.92 1.39 –3.582**
Process eco-innovation 5.09 1.45 5.75 1.25 –3.633**
Organizational eco-innovation 3.83 1.54 4.74 1.52 –4.407**

Notes: *p < 0.05; ** p < 0.001.
Source: compiled by the authors.

Table 6. OLS Regression Estimates of the Effects on Firm Efficiency (Less Innovative 
Companies)

Model
Unstandardized 

Coefficients
Standardized  
Coefficients t-test Sig.

B Std. Error Beta
(Constant) –0.997 0.323 –3.086 0.003
Product eco-innovation 0.168 0.121 0.175 1.386 0.169
Process eco-innovation –0.005 0.126 –0.006 –0.041 0.967
Organizational eco-innovation 0.402 0.117 0.406 3.432 0.001*
Firm age 0.312 0.132 0.231 2.373 0.020*
Firm size 0.107 0.085 0.118 1.254 0.213
Type of industry 0.025 0.229 0.010 0.108 0.914

Notes: Dependent variable: firm efficiency, *p < 0.05.
Source: compiled by the authors..

Hojnik J., Ruzzier M., Manolova T., pp. 103–111
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Table 7. OLS Regression Estimates of the Effects on Firm Efficiency  
(More Innovative Companies)

Model
Unstandardized 

Coefficients
Standardized  
Coefficients t-test Sig.

B Std. Error Beta
(Constant) 0.022 0.295 0.074 0.941
Product eco-innovation –0.172 0.126 -0.154 –1.369 0.174
Process eco-innovation 0.357 0.130 0.316 2.753 0.007*
Organizational eco-innovation 0.460 0.106 0.449 4.335 0.000*
Firm age –0.114 0.112 –0.081 –1.015 0.312
Firm size 0.174 0.074 0.191 2.359 0.020*
Type of industry 0.074 0.145 0.038 0.506 0.614

Notes: Dependent variable: firm efficiency, *p < 0.05.
Source: compiled by the authors.

trust, market position, and a reputation on the market in addition to knowledge of how to become more 
efficient in their operations. Among more innovative companies, however, firm size has a positive effect 
on firm efficiency; that is, the larger the company, the greater the firm efficiency. In sum, less innovative 
companies may have learning curve economies, whereas more innovative companies may enjoy economies 
of scale.
Our study is not without limitations, which need to be taken into consideration when interpreting its results. 
First, the cross-sectional research design does not permit us to ascertain the direction of causality. Thus, 
our findings should be considered exploratory and be further confirmed through a longitudinal study 
design so as to better model the direction of causality. Second, we only have data from a single country. 
Still, we believe our results are generalizable to economies similar to Slovenia with regard to the level of 
economic development and economic structure. Third, we have subjective data on the level of innovation 
and efficiency. A fruitful direction for future research would be to corroborate our findings using objective 
data on firm innovation (including eco-innovation) and firm performance. In addition, future research 
should also consider and directly measure dynamic capabilities, which could work as an antecedent of 
the relationship between eco-innovation and firm efficiency. As such, we could precisely determine which 
factors contribute to the eco-innovation effect on firm efficiency. Moreover, the model could be tested by 
employing structural equation modeling on a larger sample in order to explore the differences between 
more and less innovative companies.
Limitations notwithstanding, our exploratory study has implications for both management theory and 
managerial practice. To start with, our study strongly suggests that more innovative companies are also 
more likely to implement eco-innovations. An important managerial implication from our findings is 
that companies should invest more in innovation and be more open to eco-innovation, for two reasons. 
First, eco-innovation opens up new market opportunities (through the deployment of different types of 
innovations) and second, eco-innovation has the potential to improve firm efficiency and, consequently, to 
increase a company’s competitiveness. Further, we find that, at more innovative companies, both process 
and organizational eco-innovations lead to better firm efficiency, while at less innovative companies, only 
organizational eco-innovation contributes to firm efficiency. Based on these findings, we suggest that 
managers should invest more in innovation generally, because a more innovative company is more likely 
to deploy other types of innovation, such as eco-innovations in this case. This, in turn, will lead to greater 
firm efficiency, since eco-innovations (process and organizational eco-innovation) positively contribute to 
firm efficiency. Finally, with regard to management theory, future research should be oriented towards a 
finer-grained exploration of dynamic capabilities, which seem to represent a strong foundation for more 
innovative companies. Our findings imply that, when exploring the effects of eco-innovation on business 
performance or, in our case, on firm efficiency, we should also consider the innovativeness of the company 
and distinguish between more innovative and less innovative companies. More innovative companies are 
likely to invest more aggressively in eco-innovation and probably deploy more advanced types of eco-
innovations, which in turn has a positive effect on firm efficiency.
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