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ABSTRACT

This study sought to gauge to what extent companies in the production chain focus on the rela-
tionship between contextual factors and the definition of eco-innovation strategies. The methodology is
based on a quantitative approach using a survey in 117 companies. The results show that, in general, the
companies in the sample the correlation with proactive innovation strategies was especially strengthened
for those at the beginning of the production chain, with an increase in the mean for this group. This result
is not in keeping with the literature when it comes to the sample data. In the literature, companies that
operate in the latter stages of the production chain ought to have a greater impact at the environmental
actions, as they have more direct contact with consumers of the end product. This improved performance
for companies at the beginning of the production chain could be explained by the fact that these are the
most polluting companies and have become the focus of environmental legislation.
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1 INTRODUCTION

The current level of global competition requires companies to seek new ways to main-
tain their competitiveness, being innovation considered a factor of competitive gains and an es-
sential asset in the strategic agenda of organizations. Together with innovation, environmental
resources management, through the concepts of sustainability, becomes more and more im-
portant for organizations in this context, since it can be translated into competitive advantage
related to social legitimacy.

Therefore, environmental concerns and innovative solutions have been the subject of
discussions in the recent decades in many sectors, such as the academic community, government
policies and civil society organizations, as well as been attracting the interest of the business
sector. That is due to the fact that the competitive setting of organizations has been changing
because of the necessary search for sustainability, and they are obliged to change, from polluters
to environmentally correct companies.

Eco-innovation is encouraged by a number of factors, including government regulations
and subsidies, business opportunities for clean production and companies adopting an environ-
mental ethic in response to public pressure. Aspects concerning eco-innovation have yet to be made
known as they are still in the early phase of study and broader managerial issues regarding their im-
plementation remain, as is the case with any context of an innovation system. Therefore, this study
is based on the following research question: does the company’s position in the production chain
affect the relationship between contextual factors and the design of eco-innovation strategies?

The general aim of this study was to gauge to what extent the position of a company
in the production chain of the sector in question leads the company to focus on the relationship
between contextual factors and how they define eco-innovation strategies. More specifically, the
intention was to map internal and external organizational factors that affect eco-innovation man-
agement, evaluating how this relationship changes as a result of where companies are located in
the production chain. In this sense, the study is an empirical analysis of one of the propositions
raised by Macaneiro and Cunha (2014). Furthermore, the study is part of a larger study that
sought to analyze within the Brazilian paper and cellulose industry the various aspects of the
relationship between contextual factors and the adoption of eco-innovation strategies.

Companies from the cellulose, paper and paper products sector in Brazil were selected
because their operations involve the use of natural resources and they are viewed as having a
high potential for pollution in the eyes of the law that created the National Policy for the Envi-
ronment (BRASIL, 1981). Moreover, this sector has been shown to be innovative, according to
data from the Industrial Study of Technological Innovation (PINTEC), conducted by the Brazilian
Institute of Geography and Statistics (IBGE) (2011), in which 82.6% of the companies in question
implemented innovations in products and/or processes and/or organizations and/or marketing.

In recent times, sectors such as paper and cellulose have been under great pressure, by sev-
eral stakeholder groups, to adhere to sustainability. This is due to the fact that these industry sectors
are considered as potentially polluting and extractive of raw material from the natural environment,
which makes it an important object of study in this subject, besides its economic relevance for the de-
velopment of the country. But specifically for the purposes of the present study, it is a sector that has
the characteristic of a production chain that most of the time is not made up of only one company. In
other words, throughout the production cycle, different companies will work on different phases of
production. There are, for instance, companies that only produce cellulose paste from planted forests,
and there are others that acquire the cellulose paste and turn it into rough paper (SOUZA, 2004).
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This study contributes knowledge to the field of eco-innovation strategies through the
definition of its constructs and the tests of the hypothesis. The work is original in that it is a study
that was especially conceived and applied empirically, providing information on eco-innovation
management, conductors and effects, enabling in-depth analyses, which are considered gaps in
the literature. Therefore, this study contributes to the field in terms of the existing theory and the
management of eco-innovation in organizations. It can serve as a guide for the innovative focus
of environmental management in industries in the sector in question and other sectors, and can
also aid further research in the field.

The following section contains a review of the literature that helped define the hypoth-
esis for the study. This is followed by the methodological procedures and the composition of the
constructs and a presentation of the characterization of the sample. The next section contains the
analyses and tests of the hypothesis, and the work is brought to a close by the final considerations.

2 THEORETICAL FRAMEWORK AND DEFINITION OF
THE HYPOTHESIS

The study of technological change or radical innovation is anchored in the dynamic evo-
lutionary perspective, with authors Christopher Freeman, Richard Nelson, Sidney Winter and Gio-
vanni Dosi as the forerunners. The Evolutionary Economic Theory was influenced by the writings
of Joseph Alois Schumpeter, regarding the innovation process, being translated into a basis for re-
search in the context of innovation systems (NELSON; WINTER, 2005). To Schumpeter (1982), the
economic environment is characterized by relatively long periods of stability, marked by discontinu-
ous and revolutionary changes. In this context, only innovative companies will survive, through the
development of radical innovations or through the imitation of revolutionary products or services.

Therefore, innovations are crucial for organizations to have the capacity to remain com-
petitive in the markets in which they operate and achieve economic sustainability. The terms sus-
tainability or sustainable development “[...] are the most appropriate terms given their breadth,
origin, and consistent inclusion of a company’s financial success. And, of course, financial success
is an indispensable element of a company sustainability initiative [...].” (BLACKBURN, 2008, p. 6-7).

It is in this context that eco-innovation is included, where the choice of adequate tech-
nologies and inherent processes covers a range of aspects related to environmental management.
This involves a number of agents spurring development in countries and regions. The develop-
ment of capabilities for eco-innovation management is conducted using a number of instruments
such as public policies, a regulatory framework, financial mechanisms, public awareness, the
participation of the people involved and other interested parties and the choice of technology
(MACANEIRO; CUNHA; BALBINOT, 2013)

Eco-innovation is defined as the production, application or exploitation of a good, ser-
vice, production process, organizational or managerial structure or business method that is new
to the company or users. Its purpose during its lifecycle is to reduce environmental risks, pollu-
tion and the negative impact that stems from the use of resources in comparison with any cor-
responding alternatives (ARUNDEL; KEMP, 2009; KEMP; FOXON, 2007; RENNINGS, 1998). There-
fore, eco-innovation strategies will be considered as one of the essential constructs of this study,
composed of dependent variables that are adopted in different contexts and by different agents,
generating reactive and proactive strategies.

Companies with reactive strategies do not view environmental management as a priority,
and only invest in it to comply with the law. In this case, environmental regulations are merely seen
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as an institutional restriction, not as an opportunity to improve managerial practices. Furthermore,
the involvement of the upper management is sporadic, in that environmental actions are confined
to the areas of the company that cause pollution (BARBIERI, 2011; BUYSSE; VERBEKE, 2003).

“Firms with a reactive strategy attach high importance to government regulation, but
only in a static sense, as an almost mechanistic and daily routine-driven response to new regu-
latory requirements.” (BUYSSE; VERBEKE, 2003, p. 460). The strategy of pollution control is less
efficient and reflects a reactive and selective approach to environmental issues, basically with
end-of-pipe technologies. “Emissions and effluents are trapped, stored, treated, and disposed of
using pollution-control equipment [...]” (HART, 1995, p. 992). However, these are expensive and
normally unproductive processes because they only reduce the impacts at the end of the pro-
cess. Firms “[...] centralize their attention on the negative effects of their products and productive
processes with isolated solutions. [...] They look forward to controlling pollution without altering,
in a significant way, the processes and products which produced it [...]” (BARBIERI, 2011, p. 107).

Proactive strategies are necessary actions that are taken voluntarily to achieve a greater
reduction in environmental impact and create a competitive advantage from the use of eco-inno-
vative technologies. Furthermore, companies use changing regulations as a reference for the future
allocation of resources and to create green competencies as a source of competitive advantage
(BUYSSE; VERBEKE, 2003; HART, 1995; SHARMA, 2000; SHARMA; PABLO; VREDENBURG, 1999).

They are supported by the senior management of the organization and are defined as
“pollution prevention” or “voluntarist” environmental strategies, which require the acquisition
and installation of new technology, involving continuous learning, developing competitive organ-
izational abilities and managing the total quality of the organization. This type of strategy has
been looked at from a competitive perspective and the term is used to describe voluntary and
innovative pollution prevention activities (MENGUC; AUH; OZANNE, 2010).

For an organization to decide between reactive and proactive strategies, a number of
factors are involved, and these can affect the formulation of the type of strategy that will be
chosen. In this study, these factors will be regarded as independent variable constructs, which
affect eco-innovation strategies. It is important to highlight that these factors should be managed
jointly and interactively, considering whether they should be viewed as an obstacle or as an op-
portunity to adopt environmentally adequate practices and technologies.

Some of the factors involved are external, including environmental regulations, which
can be used by companies as a guide to environmental innovations, improving the productivity
of the organization and making it more competitive (ANSANELLI, 2003; ASHFORD, 2000; PORTER,;
VAN DER LINDE, 1995). But companies do not always view the situation strategically, and view it
as increasing the cost of remaining in business. Regulation instruments are those defined as legal
standards for environmental performance, such as those of command and control. There are also
the economic instruments, which are those which affect costs and consumption, as well as self-reg-
ulation by companies or industry sectors (SCHMIDHEINY, 1992). More specifically, the actions of the
government regarding environmental issues are structured in several ways, such as the command
and control regulations, incentives and subsidies (KANERVA; ARUNDEL; KEMP, 2009).

In addition to regulations, other external factors can affect eco-innovation strategies
and, consequently, the environmental performance of organizations. Some have to do with gov-
ernment incentives, which can be considered in terms of: economic, of support to the incorpo-
ration of innovative technology in organizations; stimuli/constraints of private appropriation of
the benefits of innovating; measures to support technological innovation related to the develop-
ment, diffusion and efficient use of new technologies; support incentives (CASSIOLATO; LASTRES,
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2000; DOSI, 1988). More specifically, in Brazil, the governmental programs to support innovation
are: subsidized resources (non-refundable); traditional financing instruments, but with special
terms and rates, below those practiced in the financial market (refundable resources); govern-
ment support for the use of risk capital; and tax exemption (FINEP, 2016). Companies also have
support from international financing institutions.

Another external factor that influence eco-innovation strategies are the “reputation
effects”, which impact on the organization’s image. Miles and Covin (2000) mention that a com-
pany’s reputation translates into the perceptions of the most relevant stakeholders, such as:
owners; local to international society and community, including current and future generations;
customers; employees; suppliers and strategic partners; government agencies; banks and other
creditors; and NGOs. More specifically, Carrillo-Hermosilla, Gonzalez and Kénnéla (2009) high-
light that the main external factors that can have influence on “reputation effect” issues are: in-
formation and relationship with the supply chain and other participants such as final consumers
and public customers; environmental performance of competitors to maintain competitiveness;
relationship with business associations and with NGOs that are sources of direct and indirect
pressure on the development and adoption of eco-innovation; social awareness, since civil soci-
ety can influence the adoption of environmental measures.

The internal factors that impact eco-innovation management include the support of
strategic managers, which can play a critical role concerning the values of the organization re-
garding environmental issues. This can facilitate the implementation of a proactive strategy at the
corporate level (MENGUC; AUH; OZANNE, 2010). “[...] Leaderships which are subject to an exter-
nal context of greater pressure, demands and opportunities in relation to environmental issues
tend to more often conceive that the environment plays a highly relevant role in the company’s
business.” (SOUZA, 2004, p. 251). In this sense, key behaviors by top managers include aspects
such as: “[...] communicating and addressing critical environmental issues; initiating environmen-
tal programs and policies; rewarding employees for environmental improvements; and contribut-
ing organizational resources to environmental initiatives.” (MENGC; AUH; OZANNE, 2010, p. 281)

Other factors are highlighted in the literature, such as specific technological competencies
for solving problems and absorbing the necessary changes, and environmental formalization (LUS-
TOSA, 2011; YOUNG; PODCAMENI; MAC-KNIGHT; OLIVEIRA, 2009). Technological competence is
one of the factors that establish the bases for the adoption of a proactive environmental strategy.
This is because it enables high organizational capabilities, such as learning, continuous innovation
and experimentation (MENGUC; AUH; OZANNE, 2010). These competencies are related to physical
resources and stock of human capital to develop eco-innovation; installation and adaptation condi-
tions for the adoption of new clean technologies; ability to engage in collaborative and cause-and-
effect information flows, with the creation of strategic relationships and alliances; improvement in
the technological competency with the increase in knowledge and information and improving the
competence basis of the company (CARRILLO-HERMOSILLA; GONZALEZ; KONNOLA, 2009). Tech-
nological competence also concerns the absorptive capacity of a company, which is a result of its
innovation through investments in R&D (COHEN; LEVINTHAL, 1990).

Environmental formalization is related to internal organizational structures directed to
the adoption of organizational innovations for supporting eco-innovation, including: environmen-
tal mission and long-term goals statements for the reduction of emissions, consumption and for
the environmental improvement of products; product life cycle analysis; environmental audits; the
principles of ecodesign; and the implementation of environmental management systems. (KEMP;
ARUNDEL, 1998; CARRILLO-HERMOSILLA; GONZALEZ; KONNOLA, 2009). Also important is the inclu-
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sion of specific functions, activities, authority and responsibilities regarding environmental issues,
which can provide the dissemination of ideas among members at all levels of the organization,
turning them into a formal company’s commitment (DONAIRE, 2007). Therefore, the contextual
factors included in the analyses of this study have to do with: 1) environmental regulation; 2) the
use of environmental incentives and incentives for innovation; 3) effect on reputation, which can
impact the image of the organization; 4) support from the upper management regarding environ-
mental issues; 5) the technological competence of the company; and 6) the degree of formalization
of environmental management in the corporate structure. These factors can affect the formulation
and type of strategy adopted by organizations and are the most frequently cited in the literature.

In this context of adopting eco-innovation strategies, the position of a company in the produc-
tion chain can also impact to what extent it takes environmentally friendly actions. In the production
chain of the pulp, paper and paper products sector, different companies work integrating stages of the
production cycle, such as forestry, pulp, paper and paper goods production companies (SOUZA, 2004).

According to Carrillo-Hermosilla, Gonzalez, and Kénnola (2009), companies that oper-
ate in the latter stages of the production process are more likely to bow to pressure from environ-
mentally aware consumers. Companies that are under pressure from such consumers give seri-
ous consideration to their social legitimacy and reputation when deciding on strategy (MENGUC;
AUH; OZANNE, 2010). In this sense, the position in the production chain can reflect on the rela-
tionship between the “effect on reputation” factor and the adoption of eco-innovation strategies.

Moreover, authors such as Buysse and Verbeke (2003) note that these companies tend to
have greater environmental formalization in their structure than other companies in their sector. To
these authors, the transition to a more proactive management of the environment by conscious con-
sumers is especially important in industries that have close contacts with consumers. Therefore, po-
sition in the production chain is also relevant in relation to the “environmental formalization” factor.

According to Souza (2004), these aspects have been identified in the cellulose, paper
and paper products sector as opportunities for innovation are more commonly found in com-
panies at the end of the production chain: the companies that produce paper artifacts. For this
reason, innovation can lead to the development of more environmentally friendly solutions in a
company’s business. Therefore, position in the production chain can reflect on the relationship
with the “technological competence” factor.

These issues and the seventh proposition of the study conducted by Maganeiro and
Cunha (2014), led to “position in the production chain” being defined as a moderating construct,
with this being analyzed in the relationship between external and internal factors and the adoption
of proactive and reactive eco-innovation strategies. Therefore, the hypothesis of the study is that
the relationship between internal and external contextual factors in the adoption of eco-innovation
strategies differs positively when the company operates at the end of the production chain.

In the next section, the methodology will be presented, along with the definition of the
variables of the constructs and the composition of the theoretical model, based on the theoreti-
cal frame previously presented.
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3 METHODOLOGY AND COMPOSITION OF THE CON-
STRUCTS AND THE THEORETICAL MODEL OF THE
STUDY

The methodology is based on a quantitative approach using a survey. The study includ-
ed 117 companies in the cellulose, paper and paper products sector from all over Brazil, and the
data were collected through a computerized questionnaire that was forwarded using the Qual-
trics® system. The questionnaire was tested for content validity by three specialist professors and
was pre-tested with three managers in charge of environmental management at companies in
the sector and two university professors in the field of strategy and sustainability.

The population of the study included 672 companies nationwide. After their e-mails
and telephone numbers were obtained, they were contacted initially by e-mail and given an ex-
planation of the purpose of the study and how to handle the questionnaire. Further contact was
made with the people in charge of environmental management at the companies by telephone.

Of the companies that were contacted, 135 accessed the Qualtrics® page to answer
the questionnaire, but only 97 answered every question and identified the company. A further
20 companies did not identify themselves, but provided full answers and data. Eighteen com-
panies that began to answer the questionnaire but did not complete it, not even to respond to
the variables, were excluded from the analysis. Therefore, the total sample was made up of 117
companies. In this sense, the sample was defined as non-probabilistic (not random). Participation
was voluntary, in that certain people were invited to answer the questionnaire, but could decide
whether or not to accept (COOPER; SCHINDLER, 2011).

Prior to the data analysis, the data were validated and cleansed to eliminate possible flaws
due to errors during the answering of the questionnaire. The data were also checked for answers
left blank and outliers. In this sense, each variable was analyzed using a box plot graph and no
outliers were found among the 117 responses, and nor were there any missing values, since the
electronic system that was used does not allow a respondent to leave a question unanswered.

The data analysis was based on inferential statistics through the Pearson correlation
coefficient to test the hypothesis, and the t test for independent samples to evaluate the statis-
tical significance of the difference between the means of the groups. The representativeness of
the sample was checked using the chi-square goodness of fit test, Cronbach’s alpha to check the
internal consistency of the scales of the constructs and graphical analyses.

These analyses were conducted from the hypothesis introduced in the previous section
and through the constructs of: 1) environmental regulation; 2) use of environmental incentives
and incentives for innovation; 3) effect on reputation; 4) support from upper management; 5)
technological competence; 6) environmental formalization; 7) eco-innovation strategies; and 8)
position in the production chain. These constructs were defined in operational terms, as present-
ed below, with the variables constructed based on the literature.

The “environmental regulation” construct was measured using the four variables shown
in Table 1, on a balanced five-point scale with a neutral position. The mean of the first two varia-
bles composed the regulation construct from the viewpoint of cost/threat, and the mean of the
other two represented regulation viewed as opportunity.
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Table 1: Variables employed to measure the environmental regulation construct.

Constructs/ | Question: Using the options given below, evaluate the degree of relevance, within the com-

Variable pany, of the environmental regulations/legislation for each of the following variables:
§ Var01  On the acquisition of technology to control pollution at the end of the production process.
<
; Var02 On increased costs as a result of fiscal and/or administrative sanctions due to responsibil-
3 ity for environmental damage, posing a threat to the growth of the business.
o

On the development or acquisition of new products/processes/innovative technologies
Var03  to prevent pollution, involving ongoing learning and the development of organizational
capabilities.

Regulation serves as a guideline for the company to innovate, learn and change its prac-
Var04  tices, with this pressure being viewed as an opportunity to improve productivity and
competitiveness.
Source: prepared by the authors based on the literature.

Opportunity

The “use of environmental incentives and incentives for innovation” construct checked
whether the companies under study had ever been offered an incentive, as shown in Table 2. In
this case, the respondent had to mark the options concerning the situation of the company, with
five possible responses on a five-point scale with a neutral position.

Table 2: Variables used to measure the use of environmental incentives and incentives for innovation construct

Question: Using the options below, evaluate the degree of relevance of each of them regarding
resources that have been obtained by the company for environmental issues and innovation:

Var05 Government subsidies (non-refundable).

Var06 Government credits with special deadlines and below market interest (refundable).
Var07 Government support for the use of risk capital.

Var08 Tax benefits for innovation and/or ecological products

Variable

Var09 International financing in financing funds from international financing and agents.
Source: prepared by the authors based on the literature.

The “effect on reputation” construct was measured using the question shown in Table
3, in which respondents were asked to evaluate the relevance of some factors that could affect
how the organization defined its eco-innovation strategies. This question was formulated with six
variables, using a five-point scale with a neutral position.

Table 3: Variables used to measure the Effect on reputation construct

Question: Using the options below, evaluate the degree of relevance of each of the factors/
agents on the actions of the company to improve its image concerning environmental issues:

Varl0 Relationships with the supply chain (suppliers).

Variable

Varll Conscious consumers, industrial clients and public clients.

Vari2 Relationships with environmental NGOs, busingss associations, media or pgrticipaﬁon in
movements for a better environment or the environmental awareness of society

Varl3 Environmental performance of competitors.

Varl4d Demands from investors to maintain profitability.

Varl5 Image of greater environmental awareness among company employees.

Source: prepared by the authors based on the literature.
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The “support from upper management” construct was measured by the question in
Table 4, asking respondents to assess the degree of relevance of the upper management when
defining eco-innovation strategies. The question was formed with four variables, using a five-
point scale and a neutral position.

Table 4: Variables used to measure the support from the upper management construct

. Question: Using the options below, evaluate the degree of relevance of the upper manage-
Variable . S o . . )
ment in the definition of the following variables:

Varl6 The upper management in this organization informs people that it is essential to handle

environmental issues and create environmental programs and policies.
Varl7 The company leaders have a policy that rewards employees for environmental improvements.
Varl8 Organizational resources are earmarked for environmental initiatives.

Var19 The company leaders view the environment as highly strategic.
Source: prepared by the authors based on the literature.

The “technological competence” construct was measured by the question shown in Ta-
ble 5, which required respondents to assess to what extent the organization is willing to conduct
R&D. The question contained four variables with a five-point Likert scale.

Table 5: Variables used to measure the technological competence construct

. Question: Using the options below, evaluate to what extent the company could be charac-
Variable . : AN
terized by the following descriptions:

Var20 The company is seen as the first to introduce new technologies and new products into the

sector.
Var21 The company has human resources for the development of eco-innovations.

The company has the facilities and ability to adapt in order to adopt new environmental

technologies.

Var23 The company collaborates with other institutions or organizations to create strategic rela-
tionships and alliances.

Source: prepared by the authors based on the literature.

Var22

The “environmental formalization” construct was measured by the question shown in
Table 6, with the respondents being asked to evaluate to what extent the environmental man-
agement of the organization is formalized. The question was formed with five variables, using a
five-point Likert scale.

Table 6: Variables used to measure the environmental formalization construct

Question: Using the options below, evaluate to what extent the environmental manage-
ment of your organization is formalized:

Var24 The environmental policy of the company is clearly documented in the corporate mission.
Var25 The company administration has a specific position/sector for environmental matters.
Var26 The company commercializes products with an ecological brand using environmental labeling.

The company has an environmental management certification system using the 1ISO 14000
Var27 standard and/or the FSC (Forest Stewardship Council) and/or Total Quality Environmental
Management (TQEM).
Var28 The company has implemented some form of environmental management system.
Source: prepared by the authors based on the literature.

Variable
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Operationally, in this study the extent of the development of “eco-innovation strate-
gies” was determined using thirteen variables, as shown in Table 7, with a five-point Likert scale.
The mean of the first five variables made up the construct of the “reactive strategies” and the
mean of the other eight variables made up the construct of the “proactive strategies”.

Table 7: Variables used to measure the eco-innovation strategies construct

Constructs/ | Question: Using the options below, evaluate the extent of the development of environ-
Variable mental activities in your company:

The company is only concerned with pollution towards the end of the productive pro-
cess and uses remediation technology, such as the decontamination of degraded soil.

Var29

a3 The company only acquires end of pipe technologies to control pollution for the purpos-
0 Var30 es of dealing with pollution before it enters the environment, such as effluent treatment
E plants, cyclones, electrostatic precipitators, filters, incinerators, etc.
f Var3i The company invests in environmental technologies and actions only to comply with
2 environmental legislation.
® The company invests in environmental technologies and actions only as a strategy for
o} Var32 . : L - -
o solving problems raised by activists and in the media.
Var33 The company considers environmental management as an additional cost that can
harm the growth of the business.
Var34 The company uses marketing resources to deal with environmental management.
The company uses environmental actions in its administrative work (recycling paper,
Var35 h . .
use of recycled material, reducing the use of material, etc.).
& The company uses environmental actions in its productive work (minimizing residuals,
b7y Var36 use of renewable energy, reusing water, safe treatment and removal of dangerous re-
© siduals, reduced CO2 production, reuse of raw materials, etc.).
i Var37 The company conducts regular environmental auditing.
B Var38 The company conducts an environmental analysis of the lifecycle of its products.
(8]
Py Var39 The company forms partnerships and makes agreements with other companies/institu-
a tions regarding environmental actions.
Vard0 The company has or enables programs to raise the environmental awareness of its man-

agers and other employees.

Vardl The company has a system for preventing environmental accidents that may occur.
Source: prepared by the authors based on the literature.

In addition to these variables and constructs, to analyze the position of companies in
the production chain of the sector, the “position in the production chain” construct was used.
In the production chain of the cellulose, paper and paper products sector, different companies
work in the various phases of the production cycle. For example, there are forest production
companies, cellulose producers, companies that transform cellulose paste into rough paper and
companies that produce paper artifacts (SOUZA, 2004).

To measure this construct, an objective question was asked, requiring the respondent
to check one or more options regarding the situation of the company and how it is classified ac-
cording to the CNAE 2.0 n2 17 (National Classification of Economic Activities), published by the
National Classification Committee [CONCLA] (2016). The classification is made up of subdivisions
ranging from 17.1 to 17.4, which are described in Table 8.
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Table 8: Variables used to measure the position in the production chain construct

Vel Question:_ln the_p_roduction chain of the cellulose, paper and paper products sector, your
company is classified as a:
Var42 Manufacturer of cellulose and other pastes for making paper.
Var43 Manufacturer of paper, cardboard and cardstock.
Vard4 Manufacturer of paper, cardboard, cardstock and corrugated paper packaging.
Var45 Manufacturer of paper, cardboard, cardstock and corrugated paper products.

Source: based on CONCLA (2016).

With the hypotheses and constructs defined, the theoretical model of the study was
constructed based on the study of Maganeiro and Cunha (2014) and can be seen in Figure 1.
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This model assumes that there is a relationship between the internal and external con-
textual factors and how eco-innovation strategies of organizations are defined, and these factors
are affected by the variable for position in the production chain of the sector.

4 RESULTS AND DISCUSSION

This sectionbegins with the characterization ofthe sample and itsrepresentativeness,
followed by the validation, data cleansing and evaluation of the reliability of the scales.
The latter subtitle provides details on the parameters for analyzing the correlations and the

relationship that formed the hypothesis of the study.

4.1 Representativeness and Characterization of the sample

The representativeness of the sample was analyzed in the Brazilian regional context
regarding the participation of the companies in the PIA-Empresa (Annual Industrial Research) of
the IBGE (2010). For this purpose, the chi-square goodness of fit test was used to verify whether
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the rate of the sample for each Brazilian state matches its population. This test enabled an eval-
uation of the sample of 117 companies regarding the composition of companies for each region
of Brazil, as shown in Table 9.

The PIA had a total of 3,147 companies, meaning that the result was as expected, as shown
in the third column of Table 9, following the chi-square test. Therefore, it was possible to compare
the number of companies in the sample in the different regions of the country and conclude that
the sample is representative for each region, as a significance level of 0.159 was obtained (greater
than 0.05), indicating that there is no significant statistical difference (HAIR et al., 2005).

Table 9: Chi square test to compare the representativeness of the sample of companies with that of the PIA: data for
each region of the country

Region Companies listed in the PIA N.uml.:)er of compa- Residual
Number listed Number expected hies in the sample
Southeast 1828 68.0 70 2.0
South 881 32.8 39 6.2
Northeast 291 10.8 4 -6.8
North 42 1.6 2 0.4
Central west 105 3.9 2 -1.9
TOTAL | 3147 117

Statistical significance according to the chi squared test (p>0.05) 0.159

Source: based on the IBGE (2010) and field research data (2012).

Concerning the size of the companies, a significant number are medium sized (45%),
in accordance with the Brazilian Service in Support of Small Businesses and Micro-enterprises
(SEBRAE, 2016). Another significant portion of the sample is considered small (34%). Large com-
panies make up an important 17% of the sample and 4% of the companies are micro-enterprises.
Furthermore, the sample can be characterized in other ways: the vast majority (97%) is of Brazil-
ian origin, including those with exclusively Brazilian controlling capital (80%); the companies have
existed on average for 36 years; most of them operate mainly in the Brazilian market (63%). The
respondents mostly occupy managerial positions or are directors (66%) and, on average, have
worked for the company for approximately ten years.

Regarding the position of the companies in the production chain, the numbers and
groups can be seen in Table 10. It is worth mentioning that for this question the respondents
were allowed to check more than one response, according to how their companies fit into the
chain for their sector. For this reason, there are more answers than respondents because some
operate in more than one stage of the production chain.

Table 10: Responding companies in the groups of the sector for cellulose, paper and paper products

L Total number of re-
Code Description of the group spondents 2
17.1  Manufacturer of cellulose and other pastes for making paper 16 11%
17.2  Manufacturer of paper, cardboard and cardstock 41 29%
Manufacturer of paper, cardboard, cardstock and corrugated paper o
17.3 packaging 39 27%
17.4 Manufacturer of diverse paper, cardboard, cardstock and corrugated 48 33%

paper products
Source: Field research data (2012) and the IBGE (2010).

2 Number of companies taking multiple responses into consideration.
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According to the data in Table 10, the participation of the respondents in the groups of
the sector was equitable in all groups. In other words, similar numbers of companies from groups
17.2,17.3 and 17.4 participated, while 17.1 had the lowest number, possibly because of the total
number of companies from this group was also smaller.

4.2 Validation, Data Cleansing and Evaluation of the Reliability of the Scales

Prior to the analysis of the hypothesis, the data were validated and cleansed by ana-
lyzing each variable using a box plot graph. No outliers were detected among the responses,
nor were there any missing values, since the system that was used (Qualtrics®) does not allow
respondents to leave questions blank. However, some questionnaires were incomplete and were
excluded from the study, leaving a total of 117 valid questionnaires.

Moreover, the reliability of the scales was verified, measuring “the extent to which a
scale produces consistent results when repeated measurements are made of the characteristic”
(MALHOTRA, 2006, p. 275). This evaluation was made by the internal consistency indicator Cron-
bach’s Alpha, which indicates the mean correlation of all the attributes that make up the scales.
The parameters for an acceptable level of reliability are shown in Table 11.

Table 11: Practical Rules for the Dimension of the Cronbach’s Alpha Coefficient*

Alpha coefficient variation” Intensity of variation
<0.6 Low
0.6a<0.7 Moderate
0.7a<0.8 Good
0.8a<09 Very good
0.9 Excellent

Source: Hair et al. (2005, p. 200).
* If Alpha > 0.95, the items should be inspected to ensure that they measure different aspects of the concept.

Cronbach’s Alpha was used for all the constructs in this study to verify their internal con-
sistency, i.e., the extent to which the items that make up the scales are integrated. This is because
the constructs were created from the theoretical framework, used in this study, as no previously
validated scales were found in other studies. The results are summarized in Table 12.

None of the values of the Cronbach’s Alpha was under 0.7, which is considered a good
level of reliability of scales. On the contrary, most of the constructs had a very good intensity
of variation, especially the “use of environmental incentives and incentives for innovation” and
“proactive innovation strategies” constructs, which had excellent levels of reliability, in accord-
ance with the parameters of Hair et al. (2005). Therefore, with these values, the constructs were
shown to be adequate for the dimensions of the scales, suggesting that they were reliable.
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Table 12: Reliability of the Scales of the Constructs

Constructs No. of variables Cronbach’s Alpha

Environmental regulation 4 0.821
Use of environmental incentives and incentives for

innovation > 0.932
Effect on reputation 6 0.862
Support from upper management 4 0.867
Technological competence 4 0.784
Environmental formalization 5 0.878
Reactive eco-innovation strategies 5 0.716
Proactive eco-innovation strategies 8 0.903

Source: Field research data (2012).

4.3 Analysis of the study hypothesis

This analysis was based on the inferential statistics, using the test of the hypothesis,
which can define it as accepted or refuted based on the data collected for the study. For this pur-
pose, the Pearson correlation coefficient was used. This provides a numerical synthesis of the di-
rection and intensity of the relationship between two variables, where high coefficients indicate
high covariance and a strong relationship (FIELD, 2009). Parameters for the size of the coefficient
(effect size) are shown in Table 13.

Table 13: Size of the effect of the correlation coefficient

Variation of the coefficient Effect
r=0 No effect
r=1+0,10 Small effect
r=+0,30 Medium effect
r=+0,50 Large effect
r=1 Perfect effect

Source: Based on Field (2009).

The study hypothesis was analyzed by examining the position of the companies under
study, with the companies being divided into two groups:

a. Group 1 - manufacturers of cellulose and other pastes, paper, cardstock and card-
board (beginning of the production chain), companies classified as codes 17.1 and
17.2 by the CNAE, made up of 42 companies;

b. Group 2 —manufacturers of a range of packaging and products made of paper, card-
stock, cardboard and corrugated paper (end of the production chain), companies
classified as codes 17.3 and 17.4 of the cellulose, paper and paper products sector,
made up of 75 companies.

According to Souza (2004), companies that produce paper packaging and artifacts are
those that produce the final products for consumers. These products include envelopes, card-
board boxes, toilet paper, writing paper and paper bags. The companies were divided into these
groups for the purposes of this analysis. With these parameters having been established, the
testing of the correlation of the constructs and their variables was conducted using the Pearson
correlation coefficient. The scores are shown in Table 14.
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Table 14: Correlation between Contextual Factors and Eco-innovation Strategies with the influence of the moderating
variable “Position in the production chain” — Group 1 (beginning of the production chain) and Group 2 (end of the
production chain)

Impact of position in the produc- | Impact of position in the produc-

tion chain — Group 1 (N=42) tion chain — Group 2 (N=75)
Constructs of contextual fac- - - - -
tors Reactive Strat- | Proactive Strat- | Reactive Strat- | Proactive Strat-
egies egies egies egies
rvalue pvalue | rvalue pvalue | rvalue pvalue | rvalue pvalue

Environmental regulation -0.614 0.000° 0.607 0.000" | -0.203 0.080 | 0.211 0.070

Use of environmental incen-
tives and incentives for inno- | -0.458 0.002° 0.373 0.015" | -0.007 0.951 | 0.408 0.000"

vation
Effect on reputation -0.651 0.000° 0.754 0.000" | -0.190 0.102 | 0.365 0.001"
Support fr°”%gﬁfer manage- | 0.665 0.000° 0.684 0.000° |-0.451 0.000" | 0.615 0.000"

Technological competence -0.533 0.000" 0.654 0.000" |-0.266 0.021" | 0.648 0.000"

Environmental formalization | -0.463 0.002" 0.782 0.000" | -0.303 0.008" | 0.720 0.000"
Source: Field research data (2012).
* p value < 0.05.

The data in Table 14 show that, in general, the correlation between contextual factors
and proactive eco-innovation strategies was stronger in Group 1 (the companies at the beginning
of the production chain) than in Group 2. Furthermore, it is interesting to note that the compa-
nies at the beginning of the production chain have a negative association with reactive strategies
and a positive association with proactive strategies. Meanwhile, those at the end of the produc-
tion chain showed no significant evidence in relation to reactive strategies. It should be empha-
sized that both groups showed negative relationships with reactive strategies.

As can be seen in Table 14, the correlation for the relationship between “environmental
regulation” and eco-innovation strategies was much stronger for the companies at the beginning
of the production chain, both positively for proactive strategies and negatively for reactive strate-
gies, shifting from a medium to a large effect. The opposite was true for the companies at the end
of the production chain. This finding can be justified by what Souza (2004) claimed, that compa-
nies at the beginning of the production chain in this sector have a reputation for being polluting
companies and are the main focus of environmental regulations. This factor could also be taken
into account in all the other analyses of the hypothesis.

For the correlation of the “use of environmental incentives and incentives for innova-
tion” construct, there was almost no change in the intensity between the groups in terms of
proactive strategies, but this was the only construct that saw a small improvement for Group 2.
However, the companies at the beginning of the production chain had a stronger negative rela-
tionship with reactive strategies.

For the “effect on reputation” construct, there was a significantly stronger association
for the companies at the beginning of the production chain and a drop in the score for compa-
nies at the end. This result is the opposite of the results reported by Menguc, Auh, and Ozanne
(2010) and Carrillo-Hermosilla, Gonzalez, and Kénn6la (2009), which claim that companies at the
end of the production chain are more likely to bow to the pressure of environmentally conscious
consumers. These authors state that these companies tend to consider their reputation as an
important factor when it comes to defining strategies.

There was no significant change in the strength of the correlation for the relationship
between “support from the upper management” and eco-innovation strategies regarding posi-
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tion in the production chain, although the companies in Group 1 had a better association.

The “technological competence” construct also saw no substantial change in the scores
regarding the moderating variable, except that the companies at the beginning of the chain saw
a more intense negative relationship with reactive strategies. The result for this construct differs
from that of the study of Souza (2004), which found that companies at the end of the chain had
greater technological competence in the cellulose, paper and paper products sector. The author
mentions that their innovation could lead to the development of more environmentally friendly
solutions for their businesses.

There was also no significant change in the strength of the correlation for the “environ-
mental formalization” construct, which is not in agreement with the study of Buysse and Verbeke
(2003). These authors found that the companies at the end of the production chain tend to have
greater environmental formalization than the others in their sector, due to their having closer
contact with the consumers of end products.

Therefore, the hypothesis of the study can be considered as rejected, in light of the
sample data, for the Brazilian cellulose, paper and paper products sector. Thus, this result does
not corroborate the findings of Buysse and Verbeke (2003), Carrillo-Hermosilla, Gonzalez, and
Konnola (2009), Menguc, Auh, and Ozanne (2010) and Souza (2004).

In addition to these correlation analyses, the t test for independent samples was con-
ducted to evaluate the statistical significance of the difference between the means of these two
groups for the contextual factors. In other words, it was used to check for the existence of a differ-
ence between the means of the companies at the beginning of the production chain and the end.
The t test is a statistical technique used to evaluate differences between two population means
(HAIR et al., 2005). The results are shown in Table 15.

Table 15: Test of the difference between the means for the contextual factors of the companies in Group 1 (beginning
of the production chain) and Group 2 (end of the production chain)

Constructs of Contextual Factors Mea(rlllirg)up 1 Me;mf;grp 2 t value p value
Environmental regulation 3.64 3.41 1.281 0.203

o O centves o innovation - T 216 166 2.554 0.013°
Effect on reputation 3.40 3.06 1.928 0.056
Support from high administration 3.23 2.72 2.438 0.016°
Technological competence 3.40 2.99 2.592 0.011°
Environmental formalization 3.70 2.97 3.478 0.001"

Source: Field research data (2012).
* p value < 0.05.

The t test showed that there was no significant difference only in the means of the
“environmental regulation” and “effect on reputation” constructs, but in the latter construct can
be considered this difference, since the p value was close to the limit 0.05. In relation to means,
what should occur, according to the literature (BUYSSE; VERBEKE, 2003; CARRILLO-HERMOSILLA;
GONZALEZ; KONNOLA, 2009; MENGUC; AUH; OZANNE, 2010), is that the means for Group 2
(companies at the end of the production chain) should be higher than those of Group 1 (com-
panies at the beginning of the production chain). Once again, this was not the case of the data
in this study. All the means for Group 1 are higher or equal, according to the t test. This is not
in agreement with the claim that companies at the end of the production chain make a greater
impact in terms of environmental actions.
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For a better understanding of these results, some profile data of the companies of each
group can be analyzed. Regarding size, the companies are made up of:

a. Group 1-24% are small companies and micro-enterprises, 52% are medium sized
companies and 24% are large companies; and

b. Group 2 —47% are small companies and micro-enterprises, 40% are medium sized
and 13% are large companies.

In other words, Group 1 has a higher number of medium sized and large companies
than Group 2, which may have influenced the correlations and resulted in the better means for
the companies at the beginning of the production chain.

Another variable that may have had an influence is the market in which the companies
operate:

a. Group 1-12% operate in the local market and in their own state, 62% in the nation-
al market and 26% in the international market; and

b. Group 2 —-27% operate in the local market and in their own state, 64% in the nation-
al market and 9% in the international market.

Therefore, the companies at the beginning of the production chain are more active in
the international market than those at the end. This could also have influenced these companies
and made them more proactive concerning environmental issues.

5 CONCLUSIONS

The tests of the hypothesis were conducted to engage to what extent companies in the
production chain of the sector focus on the relationship between contextual factors and the defini-
tion of their eco-innovation strategies. More specifically, the tests were conducted to map internal
and external organizational factors that affect eco-innovation management, assessing changes in this
relationship due to the position of companies in the production chain. The organizations under study
belong to the cellulose, paper and paper products sector, and the sample included 117 companies.

In general, the companies in the sample show that the correlation with proactive inno-
vation strategies was especially strengthened for those at the beginning of the production chain,
with an increase in the mean for this group. On the other hand, the companies at the end of the
production chain saw a drop in the strength of their associations and their means. Therefore,
this result rejects the findings in the literature regarding sample data for the Brazilian cellulose,
paper and paper products sector, which have shown that companies at the end of the production
chain make a greater impact when it comes to environmental friendly actions as they have closer
contacts with the consumers of the end products.

For the companies in the sample, the relationship between environmental regulation
and eco-innovation strategy had a much stronger association at the beginning of the production
chain, with the effect shifting from medium to large. This is in accordance with the literature,
which states that these companies are the main focus of environmental legislation. They also saw
a significant increase in the strength of their association with the effect on reputation and pro-
active innovation strategies, while the companies at the end of the chain saw their scores drop.
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This is not in agreement with the findings in the literature. The correlation of the companies for
the environmental formalization construct regarding eco-innovation strategies is practically the
same for companies at both ends of the production chain. This refutes the findings in the litera-
ture. This improved performance for companies at the beginning of the production chain could
be explained by the fact that these are the most polluting companies and have become the focus
of environmental legislation. Another explanation for this is that companies at the beginning of
the chain are, on average, larger companies (large and medium sized) and operate in the interna-
tional market. Therefore, these results are influenced by the characteristics of the industry sector.

With these results, this study contributes knowledge to the field of eco-innovation strat-
egies through the definition of its constructs and the tests of the hypothesis. The work is original
in that it is a study that was especially conceived and applied empirically, providing information
on eco-innovation management, conductors and effects, enabling in-depth analyses, which are
considered gaps in the literature. Therefore, this study contributes to the field in terms of the
existing theory and the management of eco-innovation in organizations. It can serve as a guide
for the innovative focus of environmental management in industries in the sector in question and
other sectors, and can also aid further research in the field.

Finally, it is important to point out the limitations of the study in relation to surveys
with sampling. In these cases, it is rarely possible to determine the degree of accuracy of the
findings. Furthermore, the fact that the questionnaires were completed by only one person at
each company, with no monitoring of their intentions or how they approached the questions
before responding is another point to be considered. However, to ensure validity and reliability,
the content was validated and the questionnaire was pre-tested, along with other precautions
concerning the adopted methodology.
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