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Sustainable Development Goals (SDGs) have gained importance and the world is moving 
on a sustainability trajectory, which requires organisations to balance financial, 
environmental, and social dimensions of management. Companies are encouraged to 
adopt sustainable innovations that include resource efficiency, waste reduction, energy 
use, responsible behavior etc., to overcome environmental issues and incorporate 
societal aspects. However, the types of innovations that embrace the so-called triple 
bottom line philosophy have been tenuously investigated in relation to organisational 
performance of firms. Through an empirical study, this work investigates the relationship 
between sustainable innovation in its three dimensions and organisational performance, 
including stakeholder management, human resource management and process measures, 
in the context of Italian manufacturing companies. The results show that a greater 
emphasis on sustainable innovations has a positive impact on the organisational 
performance and competitive advantage of firms, revealing the key role of human capital 
and portraying important avenues for future research. 

Introduction  

Over the last few decades, the world has been moving on 
a trajectory towards sustainability and the idea of Sustain-
able Development Goals (SDGs) has quickly gained ground. 
SDGs embrace the so-called triple bottom line philosophy 
(Sachs, 2012), which suggests that organisations should 
balance financial, environmental, and social dimensions of 
management to be not just the “best in the world,” but 
“best for the world” (J. Elkington, 2018). Companies play 
a key role in solving environmental and social issues, in-
cluding resource efficiency, waste reduction, energy use, re-
sponsible behaviour etc. This has led to a greater interest in 
eco-innovations, green innovations and sustainable inno-
vations, together with the role they play in business perfor-
mance (Boons et al., 2013; Carrasco & Buendía-Martínez, 
2016; De Marchi, 2012; Huang & Li, 2017). Companies ex-
tensively express their need to develop their capabilities to 
work with sustainability (Obal et al., 2020; Schulte & Hall-
stedt, 2017; Shields & Shelleman, 2015) and contribute to 
the sustainable development of society (Brundtland, 1987). 
Velasco Vizcaíno et al. (2021) have demonstrated that firms 

that pursue SDGs by fostering working environments that 
include organisational capabilities, such as corporate fru-
gality, servant leadership and job satisfaction, have a 
greater chance of enhancing Corporate Social Responsibil-
ity (CSR) attitudes among employees. This organisational 
approach has been reinforced by the growing pressure from 
customers and other stakeholders to implement sustain-
able initiatives and monitor sustainable performance (Wei-
dner et al., 2020). Increasingly studies have examined sus-
tainable technologies that help to combine sustainability 
with innovation and the way this combination can bring 
competitive advantage (Adams et al., 2016; Kneipp et al., 
2019). 
Therefore, the most prominent notions adopted in the 

literature to describe ‘innovations designed to reduce the 
environmental burden’ are termed “green”, “eco”, “envi-
ronmental” and “sustainable” (Adams et al., 2016; Y.-S. 
Chen et al., 2006; Iñigo & Albareda, 2016; Oltra & Saint 
Jean, 2009). Several studies emphasise the role that green 
innovation plays in enhancing the competitive advantage 
of companies in terms of product innovation, process inno-
vation and managerial innovation (Chang, 2011; Chiou et 
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al., 2011). Huang and Li (2017) found that green product 
and process innovations have a positive impact on the com-
petitive advantage and organisational performance of com-
panies, while also improving their corporate image (Chang, 
2011; Chiou et al., 2011). Küçükoğlu and Pınar (2015) 
showed the positive effect of green innovation, which in-
cludes green product and process sub-dimensions, on over-
all company performance in Turkey. While Sustainable In-
novation (SI) has been used interchangeably with green 
innovation, environmental innovation or eco-innovation, a 
new perspective on meeting SDGs has emerged that enables 
companies to grow while addressing both environmental 
and social needs and demands (Weidner et al., 2020). Com-
pared with environmental innovation or eco-innovation, 
SI covers a broader range and incorporates societal, en-
vironmental and economic aspects (Adams et al., 2016; 
Afeltra et al., 2021; Calik & Bardudeen, 2016), making it 
a more demanding process for producing radical change 
(Boons & Lüdeke-Freund, 2013) because of the organisa-
tional changes and innovation development processes in-
volved (Blum-Kusterer & Hussain, 2001). 
Additionally, SI includes any new or significant improve-

ment of products, services, capabilities, and technological 
or organisational practices, commercialised or internally 
implemented, that provide not only economic benefits but 
also positive social and environmental impacts (Calik & 
Bardudeen, 2016). Most of the studies have tackled social 
and environmental aspects separately, while there is a need 
for research that integrates all three dimensions of sus-
tainability (Goyal et al., 2013). Just a few studies show 
the impact of innovations that try to balance the Triple 
Bottom Line dimensions (John Elkington, 1999), integrat-
ing social, environmental and economic responsibilities on 
company sustainable advantage and performance (Kneipp 
et al., 2019; Weidner et al., 2020). 
Therefore, little is known about the relationship be-

tween SI practices and the Organisational Performance 
(OP) of firms, as most of the studies provide conceptual 
frameworks and lack empirical evidence. This study at-
tempts to address these gaps by examining the benefits 
of sustainable innovation practices and their impact on 
organisational performance and competitive advantage. 
Drawing from the resource-based view (RBV) of the firm, 
this study assess the impact of sustainable innovation prac-
tices on organizational performance and provides insights 
on factors that firms should consider when implementing 
a new sustainable strategy (Goyal et al., 2013; Neely et al., 
1994). By adopting a survey-based method and conduct-
ing semi-structured interviews in the Italian context, we 
test the following hypotheses: 1) “Sustainable innovation 
practices seeking to produce economic, social and environ-
mental benefits will be positively associated with manu-
facturing companies’ performance”; and 2) “Technological 
complexity will be related to the adoption rate of sustain-
able innovation practices such that smaller manufacturers 
will be less likely to adopt more complex innovation prac-
tices.” 
This study contributes to the existing literature on SI in 

several ways: first, to the achievement of SDGs by inves-

tigating the role of SI practices on OP of manufacturing 
companies, looking at the combined effect of the economic, 
environmental and social dimensions of SI; second, by ex-
ploring some of the drivers and barriers to the implementa-
tion and development of SI. Finally, this study builds on the 
RBV (Barney, 1996) of firms and provides insights on how 
practitioners may allocate their resources to boost sustain-
able innovation activities and enhance OP within a long-
term perspective of competitiveness. 

Theoretical background   
Sustainable Innovation (SI)    

SI and its practices have received growing attention be-
cause companies are experiencing lower growth as a result 
of environmental issues (Adams et al., 2016; de Medeiros et 
al., 2014; Handfield et al., 2005; Sharfman et al., 2009; Zhu 
et al., 2008), which are recognised as transcending organ-
isational and societal boundaries (Clarke & Roome, 1995). 
These are, for example, represented by the need of moving 
from natural resources extraction to material and energy 
reuse and waste, improving air quality, preserving eco-sys-
tems and community ills (Nadim & Lussier, 2010). 
Moreover, SI adopts a broader focus, which includes so-

cial issues and the needs of future generations rather than 
just economic objectives and environmental burden (Afel-
tra et al., 2021; Ketata et al., 2015). For clarity, the three 
pillars of SI are shown in Figure 1. 
Overall, the knowledge required by SI is both more un-

certain and more complex than the information needed for 
traditional innovations (Ketata et al., 2015), which usually 
involve the development of new resources and competen-
cies, processes and technologies, but it is vital for organisa-
tional survival, long term growth and organisational com-
petitive advantage (Barney, 2001; Teece, 2010). SIs adopt 
different product, process innovations, resources and capa-
bilities, linking them more to the holistic and long-term 
process, which includes social objectives (Boons et al., 
2013), promoting the sustainable development of the firms. 
In literature, there are several definitions of SI (S.-H. 

Chen, 2016), including “sustainability-oriented innova-
tion” (Klewitz & Hansen, 2014) and “sustainability-related 
innovation” (Wagner, 2010), and it is often used inter-
changeably with “eco-innovation” and “environmental in-
novation” (Schiederig et al., 2012). By putting them to-
gether we provide a general definition of SI as the 
implementation of new ideas, capabilities, processes and 
products that reduce or avoid environmental impact for the 
benefit of the community (Delmas & Pekovic, 2018; Hell-
ström, 2007; Rennings, 2000; Rennings & Zwick, 2002), 
while at the same time trying to make a profit (Delmas & 
Pekovic, 2018; Di Domenico et al., 2009), contributing to 
the sustainable competitive advantage of the firm (Barney, 
2001). 
Earlier studies used different outcomes to measure SI, 

for instance, a reduction in resource/energy consumption 
of environmental stress, and the improvement of health 
and safety (Ketata et al., 2015), total greenhouse gas emis-
sions, total water use, and total waste generated (Hoang et 
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Figure 1. The three pillars of SI (adapted from Hansmann et al. (2012))            

al., 2020). Xing et al. (2020) also explored different types 
of SI with a mediating role in the relationship between 
environmental regulation and financial performance. How-
ever, most sustainable innovation studies provide concep-
tual frameworks and lack empirical evidence, with the ex-
ception of Calik & Bardudeen (2016) (Kusi-Sarpong et al., 
2019), who identified a measurement scale that includes 
three aspects: Economic, Environmental and Societal, in line 
with the “Triple Bottom Line” philosophy (John Elkington, 
1999). First, the Economic aspect is measured in terms of 
innovation expenditure, the development and commercial-
isation of new products, and the adoption of new sustain-
able manufacturing processes. The economic aspects of SI 
thus concern the amount of resources and the ability of 
firms to generate a continuous stream of innovations which 
can, in some scenarios, be crucial for the survival of com-
panies in a dynamic competitive environment (Artz et al., 
2010). R&D expenditure is found to positively influence 
new product development with a positive impact on in-
novation and industrial performance (Emodi et al., 2017). 
Second, sustainable innovative companies have usually 
adopted environmental considerations that are integrated 
into company systems. This explains the need to include 
the Environmental dimension in our model, which refers to 
the use of other resources (such as renewable resources), 
life management, certification and eco-labels, waste emis-
sion and pollution. These aspects are becoming extremely 
important for organisations to ensure their sustainability, 
given also the limited availability of non-renewable re-
sources (Chaabane et al., 2012). Furthermore, consumers 
are more aware of environmental issues and eco-labels on 
products are a way to certify the lower impact on the en-
vironment (Houe & Grabot, 2009). Therefore, firms should 

also consider that these certifications are more attractive 
and competitive in the market. 
Ultimately our measure of SI englobes the Societal di-

mension (health and safety of production processes, dura-
bility, quality and ergonomics of products), which has 
rarely been investigated in combination with economic and 
environmental measures (Alerasoul, Afeltra, et al., 2022; 
Richter et al., 2019). Successful organisations need to ef-
fectively manage their human resources with sustainability 
as well as financial goals in mind in order to produce high-
quality products, with a reduction of anxiety, absenteeism 
and increased job satisfaction (Boudreau & Ramstad, 2005; 
Gilbreath & Montesino, 2006). To develop organisational 
sustainability, human resource strategies must respond to 
the economic, social and environmental strategies (Jabbour 
& Santos, 2008). 

The relationship between SI and OP       

Since Elkington (1999) introduced the concept of sus-
tainability (called ‘The Triple Bottom Line’ or ‘three pillar 
model’, which includes all three dimensions of sustainable 
development), several studies have suggested that company 
performance, business planning and decision-making 
should include economic, environmental and social aspects 
at the same time (Beske, 2012; Chaabane et al., 2012; 
Nadim & Lussier, 2010; Parhankangas et al., 2014; 
Rondinelli & Berry, 2000; Shields & Shelleman, 2015). This 
trajectory has been reinforced with the introduction of 
SDGs. For instance in terms of environmental commitment, 
businesses need to develop environmental technologies 
and practices as a source of competitive advantage and su-
perior performance (Gomez-Conde et al., 2019; Shrivas-
tava, 1995). The ultimate goal of any organisation is to 
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improve its performance, and one of the main challenges 
manufacturing companies face when adopting new man-
agement practices is to meet short-term and long-term or-
ganisational objectives (Agudo Valiente et al., 2012). The 
improvement of overall company performance, in particu-
lar, organisational performance, is an important issue for 
organisations (Masa’deh et al., 2018), even if its concept 
and measurement are quite difficult to define. Therefore, 
there is a lack of consensus among researchers as to what 
OP means and how it should be measured (Abu Jarad et al., 
2010; Hernaus et al., 2012; Masa’deh et al., 2018). Earlier 
studies have mainly applied different financial indicators 
to measure OP (Alipour, 2012; Green & Inman, 2005; Ho, 
2008; Yu et al., 2010) because the main sources of informa-
tion of an organisation are its financial statements. Previ-
ous studies have mostly used financial measures to evalu-
ate performance due to sustainability (Goyal et al., 2013). 
However, financial indicators alone are not enough to man-
age and fully understand an organisation’s performance. In 
many cases, companies have to deliver value, not only to 
their shareholders but also to other stakeholders; this has 
required contemporary performance measurement models 
to include both financial and non-financial criteria (Bogice-
vic et al., 2016; Hernaus et al., 2012; Ittner et al., 2003). A 
change in perspective came about in the mid-1980s when 
organisations increasingly implemented non-financial per-
formance measures (Hernaus et al., 2012). Academics, prac-
titioners and policymakers started to emphasise non-finan-
cial criteria when evaluating company performance because 
financial statements failed to account for some important 
information, such as quality, responsiveness, customer de-
mands, competitors’ performance, the number of new 
products developed and employee turnover (Hernaus et al., 
2012). 
On the other hand, the transition to a green economy 

increased the need to strategically integrate environmental 
sustainability issues into business and product develop-
ment operations, leading to potential benefits, including 
sales growth, more efficient use of resources, higher return 
on investment, new market penetration, product differen-
tiation, etc. (Dangelico & Pujari, 2010). For example, in a 
study among Turkish manufacturing companies, Ar (2012) 
found a positive and significant relationship between green 
product innovation and OP. Several studies have addressed 
the importance of investment in green innovations in ob-
taining positive economic improvements and benefits (Y.-
S. Chen, 2008; Huang & Li, 2017; Peng & Lin, 2008; Przy-
chodzen & Przychodzen, 2015). 
Sustainable innovation practices in manufacturing com-

panies include the development of new products and 
processes that can provide environmental and social ben-
efits and improve manufacturing processes (Bos-Brouwers, 
2010) reducing the use of raw materials and energy. These 
new improvements, commercialised or adopted internally, 
will have not just economic benefits but also a positive so-
cial and environmental impact (Calik & Bardudeen, 2016). 
The economic aspect of SI is measured in terms of inno-
vation expenditure, the development and commercialisa-
tion of new products, and the adoption of new sustainable 

manufacturing processes (Calik & Bardudeen, 2016). This is 
typically the most important aspect driving companies that 
want to implement environmental management practices 
(Zhu & Sarkis, 2004). In a fast-changing world, the devel-
opment of new products and processes helps organisations 
adapt to changes in their environment and remain compet-
itive in the long term (Ledwith & O’Dwyer, 2009), which 
is why a better understanding of the benefits in terms of 
OP in Italian manufacturing firms is of great interest. Even 
though the development of sustainable new products that 
address environmental issues has been widely investigated, 
it is still not clear whether these products improve a com-
pany’s performance. 
As stated above, another aspect incorporated in SI is the 

environmental dimension. The allocation of corporate re-
sources towards these aspects can improve social welfare, 
which will improve the relationship with key stakeholders 
(Barnett, 2007), and ultimately have a positive effect on 
the overall environment. Several studies also support the 
hypothesis that environmental collaborations with supply 
chain partners and good environmental performance will 
pay off in terms of OP (Green et al., 2012). Ultimately, 
sustainable innovative companies have adopted environ-
mental considerations, engaging in environmental business 
practices that are integrated into company systems and can 
help companies secure a competitive advantage and en-
hance their OP (Alerasoul, Tiberius, et al., 2022; El-Kassar 
& Singh, 2019). 
Finally, the societal dimension of SI is also expected 

to positively contribute to OP. According to Glavas and 
Godwin (2013), when employees have a positive perception 
of their organisation’s corporate social responsibility, their 
identification with and commitment to the organisation is 
enhanced. Significant improvements in employee well-be-
ing and work-related exhaustion have been found to be es-
sential factors in an organisation’s success (Anderz & Ar-
netz, 2005; Gilbreath & Montesino, 2006), with HRM also 
playing an important role in sustainability (Boudreau & 
Ramstad, 2005). 
In addition, the durability, quality and ergonomics of 

products can enhance customer appreciation of the com-
pany’s products, which is fundamental for long-term or-
ganisational success (Morrow, 1997), as lifetime issues are 
gaining recognition within the consumer market (Knight & 
Jenkins, 2009). These overall aspects may lead to an im-
provement in the company’s reputation, which is widely 
recognised as an alternative measure to financial perfor-
mance (De Miguel De Blas, 2020). 
Considering the aforementioned arguments, we can ex-

pect that sustainable innovation practices will improve or-
ganisational performance. Thus, we propose the following 
hypothesis, as illustrated in Figure 2: 
Hypothesis 1 (H1): Sustainable innovation practices 

seeking to produce economic, social and environmental 
benefits will be positively associated with the organisa-
tional performance of manufacturing companies. 
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Figure 2. The theoretical model H1     

Technology complexity and SI     

Unlike other innovations, sustainable innovations can 
lead firms to reconcile economic, social and environmental 
goals with “win-win-win” strategies towards sustainability 
(John Elkington, 1994). Manufacturing firms are expected 
to continuously improve their products with novel solu-
tions and contribute to building a more sustainable society 
by also taking advantage of new technologies to adapt and 
develop sustainable innovation practices. This implies that 
firms develop and organise business networks with several 
stakeholders to find innovative products and solutions that 
impact life cycles. This strategic business behaviour is fa-
cilitated by a proper technology mix (Isaksson et al., 2018) 
and by adopting eco-efficiency approaches, such as eco-de-
sign approaches (Knight & Jenkins, 2009). However, Knight 
and Jenkins (2009) argue that these techniques must in-
clude process-specific customisation; they are, therefore, 
not immediately applicable or widely adopted. For small 
and medium-sized enterprises in particular, the application 
of eco-design tools is not widely adopted as strategic goals 
regarding environmental product policies are rare in SMEs 
(Schischke et al., 2006). 
Most common sustainable innovations in Italy include: 

the adoption of green electricity, industrial waste recycling; 
the use of renewable resources; environmentally friendly 
material; electronic waste recycling; energy conservation 
industry; clean transportation etc. 
Horbach (2008) showed how technological capabilities, 

which comprise physical and knowledge capital stock, spark 
environmental innovations thanks to R&D investment and 
organisational learning. Technology push is one of the fac-
tors influencing a firm’s decision to introduce eco-innova-
tions (Horbach, 2008). In fact, new technologies are con-
tinuously advancing, and they are likely to affect company 
performance (O’Regan & Ghobadian, 2005). 
Furthermore, companies need to integrate sustainability 

issues within different subject areas and implement them 

with digital solutions (Isaksson et al., 2018). According to 
Isaksson et al.(2018), the main challenge is to empower en-
gineers to implement these digitalised solutions and priori-
tise sustainable solutions. Thus, technical complexity can 
constitute one type of barrier to the adoption of eco-design 
implementation practices (Buzuku & Kässi, 2019). 
Therefore, we argue that small firms are less likely to 

adopt more complex sustainable innovation practices, 
hence, we hypothesise the following, as illustrated in Figure 
3: 
Hypothesis 2 (H2): technological complexity will be re-

lated to the adoption rate of sustainable innovation prac-
tices such that smaller manufacturers will be less likely 
to adopt more complex sustainability-oriented innovation 
practices. 

Method  
Research instrument   

As a first step to test the hypotheses H1 and H2, a survey 
was carried out among Italian manufacturing companies 
based on a questionnaire designed for data collection 
(Forza, 2002) (See Table 7 in Appendix). At a second stage 
of the study, some semi-structured interviews were carried 
out with key personnel in five companies working in the im-
plementation of the practices, to further investigate some 
aspects of H2. For the development of the questionnaire we 
adopted the SI measurement scale developed by Calik and 
Bardudeen (2016), which provides the first recognised scale 
to measure SI and encompasses concepts of environmental, 
green, and eco-innovation through the Economic, Environ-
mental, and Societal dimensions according to the Triple Bot-
tom Line philosophy (John Elkington, 1999). Next, we sup-
pose that companies implementing these activities develop 
an outward-looking or relational capability in order to cre-
ate more valuable relationships with a broader range of 
stakeholders who are involved in the innovation processes. 
We expect these activities to positively influence OP as the 
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Figure 3. The theoretical model H2     

organisational component that should explain the transfor-
mation and evolution a company experiences due to SI im-
plementation (Iñigo & Albareda, 2016). The OP construct 
and corresponding items (External stakeholders management 
measures (ESM), Employee or HRM measures (HRM), Process 
measures (PM)) were adapted from Hernaus et al. (2012). 
It includes the external stakeholders perspective related to 
customers, employees, the relationship with suppliers and 
also the process benchmarking perspective. 
The final questionnaire was made up of the following 

three sections: the first one included questions related to 
the SI construct (12 items); the second was associated with 
OP (10 items), and respondents could answer all items on 
a 7-point Likert-type scale, from 1 ‘strongly disagree’, to 7 
‘strongly agree’; the last section included five questions on 
demographic information about the respondents (age, gen-
der, level of education, the role, years of experience within 
the organisation, etc.). 
The investigation involved manufacturing companies in 

Italy. Furthermore, the Italian context was chosen due to its 
increasing importance in terms of the green economy. Ac-
cording to the GreenItaly Report 2020, Italy might become 
the leader in the sustainable revolution of the economy. We 
focus on manufacturing firms as their role regarding envi-
ronmental practice and strategies has substantially evolved 
over time (Sarkis, 2001). Industrial manufacturing firms are 
considered a driving force in reducing the negative impact 
on the environment, as also detailed in the Organisation 
for Economic Co-operation Development (OECD, 2009) re-
port. A recent review by Buzzao & Rizzi (2021) confirms this 
trend as many studies are focused on manufacturing firms. 
In responding to these environmental issues, innovation 

is a key factor through the development of technologies 
that limit or control pollution and the implementation of 
processes that minimise the use of raw materials and en-
ergy. Recent studies indicate that the adoption of inno-
vative sustainable management practices drives the per-
formance of manufacturing companies (Nidumolu et al., 

2009). The strategic importance of this sector has raised our 
level of interest in this investigation, being aware, at the 
same time, of the need to expand the analysis in the future 
to other contexts, such as the agricultural sector. 

Design and sample    

The target population was made up of Italian manufac-
turing companies selected according to NACE Rev 2 Codes 
(from 10 to 32) extracted from the AIDA Bureau van Dijk 
database. A stratified random sampling approach was 
adopted to increase the representativeness and generalis-
ability of the results. This method has previously been suc-
cessfully applied (Lazzarotti et al., 2015) and it is the most 
appropriate method for data collection purpose (Goyal et 
al., 2013). The firm was chosen as the unit of analysis thus 
individuals responded on behalf of the firms. The final sam-
ple was made up of 8,880 firms (10% of the target popula-
tion) included in the AIDA database available at LIUC Uni-
versity. When e-mailing the companies, we asked for the 
questionnaire to be sent to the relevant person to respond 
in the most appropriate way; most of the respondents were 
the CEOs of the companies or managers with more than 
nine years of experience within the company. The sectoral 
composition of the statistical population is presented in 
Tables 9 and 10 in the Appendix. The data collection began 
at the end of 2019 and 371 fully completed questionnaires 
were returned at the beginning of 2020. A follow-up was 
conducted after two weeks. 
To improve cost-efficiency and quality, the data were 

then integrated with different modes of data sources, in-
cluding online information and company reports. In most 
cases, the final respondents were small companies, 81% 
(299 companies) with fewer than 50 employees, 14% were 
medium-sized, with more than 50 and fewer than 250 em-
ployees, and only 5% were large companies, with more than 
250 employees (see Table 1). Because of the difference in 
data magnitude, the control variable size was computed as 
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Table 1. Level of technology and size of companies        

 Frequency Percentage 

Low technology sector 107 28.8% 

Medium technology 
sector 

89 24.0% 

Medium high and high 
technology sector 

175 47.2% 

Total 371 100.0% 

Small 299 81% 

Medium 52 14% 

Large 20 5% 

Total 371 100% 

the natural logarithm of the number of employees to pre-
vent weighting the differences in company size in a lin-
ear way (Hemmelskamp, 1999); this is in line with existing 
literature focusing on the association between eco-inno-
vation and company performance (Barba Navaretti et al., 
2014; Cenni et al., 2015; De Marchi, 2012; Jové-Llopis & 
Segarra-Blasco, 2018). 

Model of empirical validation     

In the following section, the analytical tests of the model 
used in the empirical stage of the study are presented, in-
cluding face validation, content reliability and structural 
validity. 

Face validation   

Since this study was conducted in Italy, several pilot in-
terviews with bilingual people were conducted to check the 
wording for the translation of the questionnaire, which led 
to some minor changes. Before the launch of the survey, 
some calls were made to companies to check for the general 
propensity of respondents, and the average feedback was 
positive. The final response rate was 4.2%. Table 2 shows 
demographic results of the respondents. Most of them 
(70.35%) were male and CEOs (44.74%) with more than 
nine years of experience (72.22%). The respondents who se-
lected the ‘other’ option in the questionnaire could decide 
whether or not to specify their current role within the or-
ganisation, which they did in 20 of the 90 responses (See 
Table 10 in Appendix). 81% (299 companies) of respondents 
were managers/executives of small-sized companies, which 
is in line with the traditional characteristics of the Ital-
ian context (Table 1 and 2). The highest percentage of re-
spondents belonged to the machinery and equipment sec-
tor, NACE Rev 2 code 28 (14.8%) and to the manufacturing 
of fabricated metal products, other than the machinery and 
equipment sector, NACE Rev 2 code 25 (14%) (Table 8 in 

Appendix). These results are in line with previous studies 
(Lazzarotti et al., 2015). 

Content reliability and structural validity      

The exploratory factor analysis is performed as it is com-
monly used in research to ensure that all scale items in-
volved to measure SI are part of the same factor (Bryman & 
Cramer, 2009). The Kaiser-Meyer-Olkin (KMO) statistic was 
0.907 (Table 3), greater than the minimum criterion of 0.5, 
and Bartlett’s sphericity test was significant with p<0.0001; 
as such, the sample size was adequate for factor analysis 
(Tabachnick et al., 2019). The Principal Component Analy-
sis (PCA) revealed that one component explained most of 
the variance in the sample (see Figure 8 in Appendix). All 
items were correlated to one component, as expected, SI 
constructs, with high factor loadings >0.5 (Table 4), and to 
test the reliability of total questionnaire items and for the 
construct, Cronbach’s alpha1 was measured. All items of SI 
were above the threshold of 0.7, therefore the scale is reli-
able, showing strong internal consistency and no item was 
excluded (Pavot et al., 1991). 
The measurement scale of SI consists of 10 items 

(Q1-Q10). Through factor analysis, we computed factor 
scores and then used them as independent variables in the 
subsequent analysis. 
A linear regression analysis (commonly used in predic-

tion studies) was used to test H1 and determine how the OP 
of Italian manufacturing companies changes with different 
levels of SI performance. OP as a dependent variable con-
sists of three dimensions (Figure 2): 1) ESM, 2) HRM and 
3) PM. The findings are shown in Table 5. The adjusted R 
square is 0.256 (statistically significant), indicating that the 
model can capture 25.6% of the variance in the dependent 
variable OP. It is also possible to exclude that the predictors 
are correlated, with no bias in the regression analysis. The 
collinearity statistics stated that there is no multicollinear-
ity as the variance inflation factor (VIF) is lower than 10, 
and the tolerance is greater than 0.1 (Bowerman & O’Con-
nell, 1990). 
The results show that SI practices trigger the RBV with a 

positive, statistically significant impact on OP with a stan-
dardised beta coefficient of 0.495 with p<0.0001; therefore, 
the independent variable SI makes a unique contribution 
to explaining the OP of manufacturing companies. Sustain-
able innovation practices are found to be positive drivers of 
OP in Italian firms contributing to the sustainable compet-
itive advantage. 
We also examined the relationship between control vari-

able size and the regressor factor score of SI. The Pearson 
product-moment correlation coefficient is not significant, 
which showed that there is no correlation between these 
two variables (Table 6). 

Cronbach’s alpha measures the reliability of the test, which shows how a set of items are related to a group. Even though the level of 
Cronbach’s alpha was high, we decided to ensure that the scale is unidimensional by performing exploratory factor analysis. 

1 
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Table 2. Respondent demographics (N = 371)      

Title Description Number of respondents Percentage 

Age 18-24 years 5 1.3% 

25-34 years 49 13.2% 

35-44 years 82 22.1% 

45-54 years 130 35.0% 

> 55 years 105 28.3% 

Gender Female 110 29.65% 

Male 261 70.35% 

Total 371 100.0% 

Job Title Others 90 24.26% 

Business development manager 27 7.3% 

CEO 166 44.73% 

Production manager 24 6.47% 

Innovation / R&D manager 27 7.27% 

Marketing manager 37 9.97% 

Total 371 100.0% 

Job experience 3-6 years 36 9.70% 

6-9 years 25 6.74% 

9 years and more 268 72.22% 

Less than 3 years 42 11.32% 

Total 371 100.0% 

Education Others 34 9.2% 

Diploma 174 47.0% 

Master 118 31.8% 

PhD 14 3.77% 

Bachelor 31 8.35% 

Total 371 100.0% 

Table 3. KMO and Bartlett’s Test     

KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling 
Adequacy 

.907 

Bartlett's Test of 
Sphericity 

Approx. Chi-
Square 

1633.102 

Df 45 

Sig. .000 

The adoption of sustainable innovation practices       
and the level of OP      

Following the analysis, the two-step cluster analysis was 
applied to examine whether all the dimensions of SI con-
stitute positive drivers in the relationship between SI and 
OP, and each dimension (Economic, Environmental and So-
cietal) was classified on three levels of OP (Low, Medium 
and High). Figure 4 shows the percentage of groups of man-
ufacturing companies belonging to each cluster on three 
levels of OP. The first cluster, ‘High OP’, included 36.10% 
(134) of companies with high performance in OP; the sec-
ond cluster, ‘Medium OP’, included 28.0% (104) of com-

panies with a medium level of OP; the third cluster, ‘Low 
OP’, consisted of 35.8% (133) of companies with a low level 
of OP. However, in all three clusters (Low, Medium and 
High) the dimension of SI that scored highest was Societal, 
which showed that, within our sample of Italian manufac-
turing companies, managers had adopted policies with re-
gard to workplace safety, product quality (lower product 
return rates) and ergonomic product characteristics (Calik 
& Bardudeen, 2016b). This means that appropriate organ-
isational policies and customer satisfaction appear to con-
stitute drivers to SIs. Overall, ‘High OP’ companies that 
showed greater OP (cluster 1 ‘High OP’) performed better 
in all three dimensions of SI than the other two clusters 
(see Figure 5). These results revealed that the three dimen-
sions of SI are positive drivers of OP in Italian manufactur-
ing companies. 

The adoption of sustainable innovation and the level         
of technology intensity    

To test H2, a two-step cluster analysis was performed 
to group companies according to their level of technology 
complexity - low, medium and medium-high, and high 
(Galindo-Rueda & Verger, 2016) - and to see whether there 
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Table 4. Descriptive statistics and Factor loadings (FL)       

SI 
Alpha 
0,892 Description FL Mean 

Std. 
Deviation 

Analysis 
N 

Q1 Expenditure of process innovation 0.718 5.04 1.595 371 

Q2 New product development and commercialization 0.770 5.01 1.582 371 

Q3 Manufacturing process improvements 0.760 4.65 1.624 371 

Q4 Reduction of energy usage 0.744 4.45 1.644 371 

Q5 Reduction of emission of hazardous substances or waste 0.797 4.75 1.557 371 

Q6 
Improvement of manufacturing process capability and reuse of 
components 

0.726 4.48 1.638 371 

Q7 
Improvement and redesign of products to meet environmental 
criteria or directives 

0.786 4.93 1.642 371 

Q8 
Improvement and redesign of the production process to reduce 
rates of injury, occupational diseases and work-related fatalities 

0.590 5.64 1.333 371 

Q9 Reduction of return and recall rate of products 0.559 5.38 1.373 371 

Q10 More ergonomic product perception 0.637 4.49 1.572 371 

Figure 4. The percentage of respondents in the three clusters on the level of OP              

are differences in the adoption rate of SI practices within 
and among the clusters. Cluster 1 was made up of low tech-
nology-intensive manufacturing companies (codes: 10-19, 
25 and 31), cluster 2 included medium technology-inten-
sive companies (codes: 22-24 and 32) and cluster 3 con-
sisted of medium-high and high technology-intensive com-
panies (codes: 20,21 and 26-30). We obtained slightly 
different results from the previous analysis (see Figure 6 
and 7). The biggest cluster is the one made up of companies 
in medium-high and highly intensive technology sectors 
(High Tech), which again scored less in all three dimensions 
of SI (Figure 7). For example, they presented an average 
score of 4.84 for the Economic dimension. These results 
were further discussed with key personnel working in the 
implementation of SI practices from a group of manufac-
turing SMEs in our sample to better understand why tech-
nology intensity hinders the adoption of sustainable inno-
vation practices. The interviews revealed that the higher 
level of sophistication of technology requires new skills and 
competences that are not easily available in the labour mar-
ket, as well as new investment that top management is not 

always willing to make. They highlighted the need for net-
works and collaboration between firms and new partners to 
cope with the technological progress and complexity. How-
ever, a limitation to this is linked to environmental uncer-
tainty and the level of trust in relationship building. 

Discussion and implications    

In recent years it has become widely recognised that 
firms need to develop their abilities to work with sustain-
ability (Obal et al., 2020; Parhankangas et al., 2014; Schulte 
& Hallstedt, 2017) in order to achieve sustainable devel-
opment and contribute to social wellbeing. By following 
the ‘Triple Bottom Line’ philosophy (John Elkington, 1999), 
they are able to balance the economic, environmental and 
social dimensions. This need has been reinforced by the 
growing demand from customers and other stakeholders 
for sustainable innovative goods and practices and for the 
monitoring of companies’ sustainable performance (Weid-
ner et al., 2020). Furthermore, the ability to constantly in-
novate while balancing these three aspects is also crucial 
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Table 5. Results of regression analysis     

Model Summary 

Model R R Square Adjusted R Square Std. Error of the Estimate 
Change Statistics 

R Square Change F Change df1 df2 Sig. F Change 

1 .128a .016 .014 .61161 .016 6.155 1 369 .014 

2 .510b .260 .256 .53134 .243 120.915 1 368 .000 

a. Predictors: (Constant), size 
b. Predictors: (Constant), Size, REGR factor score 1 for analysis 1 
c. Dependent Variable: OP 

ANOVA 

Model Sum of Squares Df Mean Square F Sig 

1 Regression 2.302 1 2.302 6.155 .014b 

Residual 138.030 369 .374 

Total 140.332 370 

2 Regression 36.439 2 18.219 64.535 .000c 

Residual 103.893 368 .282 

Total 140.332 370 

a. Dependent Variable: OP 
b. Predictors: (Constant), Size 
c. Predictors: (Constant), Size, REGR factor score 

Coefficients 

Model Unstandardized 
Coefficients 

Standardized 
Coefficients 

Correlations Collinearity Statistics 

B Std. Error Beta t Sig. Zero-order Partial Part Tolerance VIF 

1(Constant) 5.674 .073 77.795 .000 

Size -.053 .021 -.128 -2.481 .014 -.128 -.128 -.128 1.000 1.000 

2(Constant) 5.722 .064 90.093 .000 

Size -.069 .019 -.166 -3.689 .000 -.128 -.189 -.165 .994 1.006 

REGR factor score .305 .028 .495 10.996 .000 .482 .497 .493 .994 1.006 

Dependent Variable: OP 
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Table 6. Correlations  

 Size REGR factor score 

Size Pearson Correlation 1 0.077 

Sig. (2-tailed)  0.141 

N 371 371 

REGR factor score Pearson Correlation 0.077 1 

Sig. (2-tailed) 0.141  

N 371 371 

Figure 5. The average score of the SI dimensions in the three clusters on the level of OP                 

Figure 6. Percentage of respondents of the three clusters on the level of technology-intensity             

in achieving firm-level competitiveness and organisational 
success. The question of how to reconcile environmental 
and economic performance has been a central topic in em-
pirical literature involving sustainability (Ar, 2012). 
This study, contributes to the sustainable innovation lit-

erature by looking at the concept of SI, which includes not 

just the economic and environmental elements but also a 
social dimension (Adams et al., 2016; Afeltra et al., 2021; 
Calik & Bardudeen, 2016). The topic, known as green, envi-
ronmental, ecological and sustainable innovation, has been 
viewed as a key solution to the problem, and many studies 
have investigated its internal and external drivers. How-
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Figure 7. The average score of SI dimensions for the three clusters based on the level of technology-intensity                 

ever, less attention has been paid to the social dimension 
than to economic and environmental aspects and to their 
consequences in terms of company performance and com-
petitive advantage (Alerasoul, Afeltra, et al., 2022; Kneipp 
et al., 2019). Our study contributes to the sustainability de-
bate by investigating the relationship between the adop-
tion of sustainable innovations and organisational perfor-
mance, taking into account the integrated relations of the 
three dimensions of SI, with a survey conducted among 
Italian businesses and semi-structured interviews. Atten-
tion is also paid to the performance of SI, through which 
environmental measures are adopted in traditional manu-
facturing companies, at the same time as examining some 
of the barriers such as technology intensity. 
The analytical tests of the model used in the empirical 

stage of the study (face validation, content reliability and 
structural validity) revealed that the adoption of sustain-
able innovation practices constitutes an important positive 
driver of OP, with a positive impact on a company’s com-
petitive advantage (Huang & Li, 2017). Among the three di-
mensions of SI, the societal aspects proved to be more rel-
evant. Therefore, human resources management together 
with improvements to production processes designed to re-
duce the number of injuries, work-related fatalities and oc-
cupational illnesses are found to be relevant interventions 
in determining the quality of products and services offered 
by the firms and enhancing OP (Anderz & Arnetz, 2005; 
Bendickson et al., 2017), boosting employee productivity, 
while at the same time reducing absenteeism and fluctua-
tion rates. As such, appropriate organisational policies pro-
vide an important driver to SIs and OP, supporting the 
important role of HRM in sustainability (Boudreau & Ram-
stad, 2005). 
In addition, the commitment of companies to environ-

mental issues with the adoption of more sustainable prac-
tices appears to encourage employee engagement within 
organisations, supporting the arguments presented by 
Glavas and Godwin (2013). Greater emphasis on customer 

satisfaction by improving the ergonomic characteristics 
and durability of products also appears to have a positive 
impact on a company’s reputation by improving customer 
loyalty. This further strengthens relationships with suppli-
ers by making it clear that the company fulfils its promises 
in a consistent, reliable and responsible manner (Morgan 
& Hunt, 1994). The increase of expenditure for process in-
novation to provide environmental and social benefits, as 
well as the commercialisation of new products to obtain 
environmental and social benefits, appears to have a posi-
tive effect on stakeholder management. However, the level 
of expenditure can vary among organisations depending on 
their access to credit and the level of investment related to 
SIs, which can represent barriers to their adoption and im-
plementation. Overall, widespread attention to employee 
wellbeing, customer needs, and environmental and social 
issues has a positive impact on employee productivity, 
product quality and company reputation in its relationships 
with customers and suppliers. 
Regarding the second hypothesis, the findings revealed 

that Italian manufacturing companies with medium-high 
and highly intensive technology have consistently in-
creased expenditure for their process innovation and com-
mercialised new products to gain environmental and social 
benefits, but not as much as medium intensive and low in-
tensive technology sectors. Manufacturing firms are con-
tinuously improving their products with innovative solu-
tions and contribute to building a more sustainable society 
by also taking advantage of new technologies. Italian man-
ufacturing firms have shown that they are able to develop 
and organise business networks with several stakeholders 
to find innovative products and solutions that impact the 
whole life cycle with a proper technology mix (Isaksson et 
al., 2018) and by adopting eco-efficiency approaches. 
However, high-intensive technology companies require 

more significant investments to pursue environmental ben-
efits. At an operational level, the implementation of sus-
tainable innovations is more challenging to concretise and 
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integrate with technical parameters (Knight & Jenkins, 
2009). This result supports Knight and Jenkins (2009) find-
ings, showing new eco-design approaches are not immedi-
ately applicable and widely adopted as they must include 
process-specific customisation. This is even rarer in SMEs 
(Schischke et al., 2006); they have fewer resources at their 
disposal than large companies and are likely to invest less 
in technological innovations to overcome existing ecolog-
ical issues (Healy et al., 2015; Widya-Hasuti et al., 2018). 
From a direct discussion with key personnel of small firms 
has also emerged the lack of resources to train employees to 
deal with more sophisticated technology which might con-
stitute a significant constraint as well as the difficulties of 
hiring employees with required competencies which seem 
rarely available in the labour market. Technical complexity 
is thus considered as one type of barrier to adopting eco-
design implementation practices (Buzuku & Kässi, 2019). 
In terms of managerial implications, the outcome of this 

study offers new insights on what resources and capabilities 
manufacturing firms should develop and implement to 
work efficiently and effectively with sustainability and 
achieve superior performance. By improving the under-
standing of SIs, companies can better allocate their re-
sources to these innovative practices when trying to reduce 
their impact on the environment and ultimately improve 
the overall organisational performance. The findings of the 
current study suggested that to create more sustainable 
solutions and obtain a competitive advantage, businesses 
need to buy or develop new competencies or collaborate 
with other companies with the right competencies that em-
bed sustainability 'objectives. 
By assessing the importance of these innovative solu-

tions, firms can spend a greater amount of time and energy 
on changing product design, developing new sustainable 
products, improving process efficiency and stimulating sus-
tainable individual behaviour. By looking at the effect of 
adopting SIs on company performance, this study con-
tributes to the RBV of the firm by proposing the integration 
of sustainability’ objectives to improve the organisational 
performance of firms within a long-term perspective of 
competitiveness. 

Conclusions  

This study contributes to the existing literature on sus-
tainable development innovation and the RBV of the firm 
by empirically demonstrating that SI practices can have a 
positive impact on the organisational performance of com-
panies. In particular a greater attention to human capital 
and human resources emerge as primary growth mecha-
nisms for firm performance (Bendickson et al., 2017). 
The barriers related to the adoption of SIs by small and 

medium companies are also highlighted and evidenced 
from the semi-structured interviews. Due to the level of un-
certainty, more knowledge is required than for traditional 
innovations (Ketata et al., 2015); the level of investment 
needed to pursue environmental benefits can vary among 
organisations, as can the need for new organisational capa-
bilities for the implementation and integration of techni-
cal parameters (Knight & Jenkins, 2009). Our findings sup-

port the argument that paying attention to stakeholders 
(not only shareholders but customers, employees, suppli-
ers and society as a whole) and their interests is a critical 
starting point for managers and provides a foundation that 
drives their ongoing success (Harrison & Wicks, 2013). Fi-
nally, by “re-thinking” the business model with the integra-
tion of social, economic and environmental dimensions of 
sustainability, managers can improve their organisation’s 
efficiency and performance (Nidumolu et al., 2009; Zollo 
& Freeman, 2010) and achieve more sustainable long-term 
competitiveness while contributing to the sustainable de-
velopment. 

Limitations  

As with all empirical studies, this research has some lim-
itations. First, while OP was measured by several subjec-
tive indicators, the true impact of SI on performance can 
be evaluated more effectively by gathering a diversity of 
viewpoints (e.g., objective data) to overcome potential bi-
ases. Second, the low response rate means that the results 
are not necessarily representative of the population under 
examination, making it hard to generalise the results, de-
spite their validity for the companies included in the sam-
ple. Furthermore, we only looked at Italian manufacturing 
companies within one time period, which means that the 
results may not be representative of other types of compa-
nies in different countries. This could be examined in future 
comparative studies, which could look at company perfor-
mance in different industry sectors to allow for cross-sec-
tional analyses, and obtain more generalisable results, as 
well as longitudinal studies, given the longitudinal nature 
of SI (Paramanathan et al., 2004). Third, environmental is-
sues that transcend boundaries at organisational and soci-
etal levels (Clarke & Roome, 1995) require new organisa-
tional capabilities needed by the gradual change of working 
processes due to digitalisation. Sustainability has a signif-
icant influence on the decisions and solutions that compa-
nies generate and offer on the market (Kneipp et al., 2018); 
future research needs to investigate the role of new organi-
sational capabilities, for instance dynamic capabilities, and 
the role of (external, internal) environmental orientation 
on sustainable innovation performance with regard to long-
term growth and competitive advantage (Teece, 2010). Fi-
nally, to increase our understanding, using a case study ap-
proach or increasing the number of respondents from other 
countries could be worthwhile expansions of this study. 

Future research needs    

The semi-structured interviews conducted have revealed 
the need of more direct collaboration with the managers 
responsible for product development, marketing and sus-
tainability, to get a closer look at the issues related to the 
transformation process towards greener products and the 
applicability of environmental regulations to the pursuit 
of sustainability. Furthermore, the relative importance of 
the Societal dimension in this study calls for further inves-
tigation into organizational capabilities and practices like 
HRM and organisational learning that can facilitate sus-
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tainable innovation practices and promote the organisa-
tional performance of companies in different contexts (Rau 
et al., 2020). The SDGs represent a significant yardstick for 
sustainability performance and adopting them requires the 
development or adoption of specific organisational capa-
bilities within companies (Velasco Vizcaíno et al., 2021). 
Human resource management thus appears strategic to 
provide companies with innovative competencies by stim-
ulating sustainable behaviours (Jabbour & Santos, 2008). 
Therefore, future studies might consider innovative capa-
bilities such as organisational learning and other dynamic 
capabilities (Teece et al., 1997), which play a significant 
role in the quality of knowledge acquisition and transfer in 
firms (Alerasoul et al., 2021) and how these deploy and re-
view existing resources (Martin et al., 2018) towards sus-
tainability goals. 

Finally, an investigation of the financial benefits derived 
from the implementation of more sustainable innovation 
practices can further help practitioners in their decision-
making processes. Therefore, a financial comparison be-
tween sustainable innovative firms and non or lower sus-
tainable innovative firms may help to verify whether there 
is a significant difference between these two groups of firms 
to further corroborate our findings. 
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Appendix 1   

Table 7. The questionnaire used    

Organizational 
performance 
Masa’deh et al. (2018) 

External stakeholder management (ESM): 

Employee or HRM (HRM) 

Process measures (PM) 

7-point Likert 
scale 

1 strongly 
disagree, 7 
strongly agree 

Sustainable Innovation 
(SI) 
Calik and Bardudeen, 
(2016); Chen et al. 
(1998) 
Economic_SI 

Environmental_SI 

Societal_SI 

1. We retain existing clients and manage to attract new ones. 

2. The number of customers complaints within the last period has increased strongly. 

3. Reputation of our company in the eyes of the customers has improved. 

4. We consider our relationship with suppliers to be excellent because we maintain genuine 

partnerships with them. 

5. There is a mutual trust between our company and our suppliers. 

6. The quality of our product is well above the industry average. 

1. The net fluctuation of employees is very high within our company. 

2. Productivity of employees is much higher than industry average. 

3. Employees do not feel special commitment to the organization. 

4. Absenteeism is very high in our company (relative to competition). 

1. Response time to customer complaints is well above the industry average. 

2. Service error level (waste level) is much lower that our competitors’. 

1. Over the past few years, our company has consistently increased expenditure for process in-

novation which provides environmental and social benefits 

2. Over the past few years our company has consistently developed and commercialized new 

products which provide environmental and social benefits. 

1. Over the past few years our company has improved the manufacturing processes effectively 

to reduce the use of raw materials. 

2. Our new products consume less energy during product usage than those of our competitors. 

3. Our manufacturing processes effectively reduce the emission of hazardous substances or 

waste more than those of our competitors. 

4. Over the past few years our company has actively improved manufacturing processes capa-

bility to reuse and remanufacture components. 

5. Over the past few years our company has redesigned and improved our product to meet envi-

ronmental criteria or directives. 

1. Over the past few years our company has actively designed and improved our production 

process to reduce rates of injury, occupational diseases, and work-related fatalities. 

2. Over the past few years return and recall rate of our products have decreased consistently. 

3. Our new products are perceived by consumers as more ergonomic than those of our competi-

tors. 
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Table 8. Sectoral composition of the respondents      

Level of 
Technology 

Industry Sector 

NACE 
Rev2 
code 

Nr of 
responses 

% of 
Responses 

N N % 

Low Manufacture of food products 10 26 7.07 

Low Manufacture of beverages 11 1 0.3 

Low Manufacture of tobacco products 12 0 0.00 

Low Manufacture of textiles 13 30 8.1 

Low Manufacture of wearing apparel 14 6 1.6 

Low Manufacture of leather and related products 15 8 2.2 

Low 
Manufacture of wood and of products made of wood and cork, 

except furniture; manufacture of articles made of straw and plaiting 
materials 

16 9 2.4 

Low Manufacture of paper and paper products 17 7 1.9 

Low Printing and reproduction of recorded media 18 0 0-0 

Medium-
low 

Manufacture of coke and refined petroleum products 19 0 0.0 

Medium-
high 

Manufacture of chemicals and chemical products 20 8 2.2 

Manufacture of basic pharmaceutical products and pharmaceutical 
preparations 

21 2 0.5 

Medium-
low 

Manufacture of rubber and plastic products 22 34 9.2 

Medium-
low 

Manufacture of other non-metallic mineral products 23 10 2.7 

Medium-
low 

Manufacture of basic metals 24 9 2.4 

Medium-
low 

Manufacture of fabricated metal products, except machinery and 
equipment 

25 52 14.0 

High Manufacture of computer, electronic and optical products 26 19 5.1 

Medium-
high 

Manufacture of electrical equipment 27 24 6.5 

Medium-
high 

Manufacture of machinery and equipment 28 55 14.8 

Medium-
high 

Manufacture of motor vehicles, trailers and semi-trailers 29 5 1.3 

Medium-
high 

Manufacture of other transport equipment 30 10 2.7 

Low Manufacture of furniture 31 20 5,4 

Low Other manufacturing 32 36 9.7 

371 100 
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Table 9. Sectoral composition of the population and of the sample          

Industry Sector 

NACE 
Rev2 
code 

Population Sample 

N N % N % 

Manufacture of food products 10 9,207 10% 934 10% 

Manufacture of beverages 11 1,204 1% 16 1% 

Manufacture of tobacco products 12 20 0% 0 0% 

Manufacture of textiles 13 3,249 4% 116 4% 

Manufacture of wearing apparel 14 4,617 5% 235 5% 

Manufacture of leather and related products 15 3,893 4% 167 4% 

Manufacture of wood and of products made of wood and cork, except 
furniture; manufacture of articles made of straw and plaiting materials 

16 2,743 3% 83 3% 

Manufacture of paper and paper products 17 1,760 2% 34 2% 

Printing and reproduction of recorded media 18 2,321 3% 59 3% 

Manufacture of coke and refined petroleum products 19 238 0% 1 0% 

Manufacture of chemicals and chemical products 20 2,798 3% 86 3% 

Manufacture of basic pharmaceutical products and pharmaceutical 
preparations 

21 500 1% 3 1% 

Manufacture of rubber and plastic products 22 5,025 6% 278 6% 

Manufacture of other non-metallic mineral products 23 4,062 4% 182 4% 

Manufacture of basic metals 24 1,754 2% 34 2% 

Manufacture of fabricated metal products, except machinery and 
equipment 

25 20,728 23% 4732 23% 

Manufacture of computer, electronic and optical products 26 2,718 3% 81 3% 

Manufacture of electrical equipment 27 3,505 4% 135 4% 

Manufacture of machinery and equipment 28 11,443 13% 1442 13% 

Manufacture of motor vehicles, trailers and semi-trailers 29 1,364 2% 20 2% 

Manufacture of other transport equipment 30 1,349 1% 20 1% 

Manufacture of furniture 31 3,519 4% 136 4% 

Other manufacturing 32 2,776 3% 85 3% 

90793 100% 8880 100% 

Table 10. Other roles of the respondents      

N % 

Legal manager 2 10 

President 2 10 

Quality manager 1 5 

Technical manager 1 5 

Administrative manager 4 20 

Program manager 2 10 

Commercial manager 1 5 

Employee 1 5 

Quality manager 1 5 

Sales & Marketing Manager 2 10 

Sustainability manager 1 5 

General Manager 1 5 

Sales & Environmental head 1 5 

20 100 
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Figure 8. Scree Plot PCA of SI      
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