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Abstract

The aim of this research is to analyze how critical success factors (CSFs) can influence the adoption of
environmental technologies by Brazilian manufacturing companies. In terms of conceptual background, this
research fits within the context of environmental management in corporate organizations, focusing on the

EP

adoption of environmental technologies in the manufacturing context and their critical success factors. In terms
of methodology, this research is based on a case study conducted on two medium-sized industrial companies
located in Brazil (company “Alfa” and company “Beta”). The results show the emergence of a new CSF called
employee empowerment, which derives from learning and benchmarking initiatives. Two CSFs can be
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highlighted as the most relevant and unanimously present in both company “Alpha” and company “Beta”:
support from senior management and employee empowerment through learning and benchmarking. In addition,
communication and cultural organizational changes were relevant CSFs, especially for Beta. Furthermore, there
is a potential synergistic relationship between CSFs and the maturity level of environmental management. For
example, Beta was positioned on a more advanced environmental level as well as had greater intensity in terms
of CSFs than Alpha. This work can be considered one of the first researches relating CSFs and the adoption of
environmental technologies in medium-sized firms in Brazil.

Keywords: environmental technologies; critical success factors; sustainable operations; sustainability; small and
medium enterprises.
1. Introduction
Given the importance of environmental constraints challenging society (Hackmann et al. 2014), it is important
that manufacturing companies innovate and modify their management toward greener manufacturing, as
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manufacturing processes tend to consume great amounts of energy and materials (Liu et al., 2016; Le Bourhis et
al., 2013). Actually, several authors have reaffirmed the central role manufacturing plays in the process of
“greening” organizations (Dornfeld, 2014; Govindan et al., 2015). This new manufacturing context, also called
“sustainable operations management” (Walker et al., 2014), requires the adoption of environmental technologies,
as defined by Kuehr (2007). The improvement of environmental conditions through the adoption of
environmental technologies and innovations is supported by the theoretical and analytical current of ecological
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modernization, which claims the possibility of combining environmental legislation, cleaner industrial
innovation, and improvement of companies’ environmental performance (Sarkis et al., 2011). Within this context
the adoption of environmental technologies is part of an emerging concept of world-class, sustainable
manufacturing (Dubey et al., 2015).

However, there may be a gap between the theoretical/conceptual assumptions and the effective implementation
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of green practices in Brazilian companies (Jabbour et al., 2016). Consequently, it is important to know the
critical success factors (CSFs) (Freund, 1988) that can be prioritized by companies that are indeed wishing to
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adopt environmental technologies. On the other hand, a significant gap also persists in the state-of-the-art
literature: Systematic searches using the keywords corresponding to this present work, carried out on the ISIWeb of Science and Scopus databases, revealed a lack of studies on CSFs for the adoption of environmental
technologies in general, as the majority of the works focused on CSFs for green management, not CSFs for
environmental technology adoption. An additional gap was observed: Only studies that do not portray the reality
in Brazil were identified, highlighting the relevance for studying Brazilian cases:
•

Bartlett et al. (2010), based on the Russian reality, proposed that collaboration is essential for fostering the

•
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development of environmental technologies. Similar results were proposed by Fernando et al. (2016) in the
Malaysian context.
Subramanian et al. (2014) discovered that Chinese firms are unlikely to embark on reverse logistics without
external critical factors, such as strict governmental legislation.
•

Medeiros et al. (2014) proposed four main critical success factors for environmentally sustainable product

•

Diabat and Govindan (2011) highlighted governmental regulation and reverse logistics as CSFs for the
adoption of green supply chain practices and related technologies in India.
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•
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innovation: market, law, and regulation knowledge; interfunctional collaboration; innovation-oriented
learning; and research & development (R&D) investments.

Lin and Ho (2011) analyzed the adoption of green practices by Chinese logistic firms. They discovered the
following CSFs: organizational support, quality of human resources, regulatory pressure, and governmental

support.

•

Hu and Hsu (2010) studied the adoption of green supply chain practices and technology in electronic
industries in Taiwan. They found four dimensions of critical factors: supplier management, product
recycling, organization involvement, and life-cycle management.

•

Wee and Quazi (2005) studied companies in Singapore. They discovered seven CSFs for adopting
environmental management systems, such as top management, employee involvement, and training, among
others.
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•

Johanson (2002) declared CSFs for eco-design adoption. The most relevant CSFs were competence
(training, environmental specialist, best practices) and motivation (green mind-set, green champions,
employee involvement).

From this context the main concern of this research arises: What are the critical success factors (CSFs) that may
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influence the adoption of environmental technologies in manufacturing companies, and how do they act? Thus,
this research’s main objective is to analyze, through exploratory case studies, how critical success factors
(CSFs) influence the adoption of environmental technologies by Brazilian manufacturing companies.

This present work is a qualitative research based on exploratory case studies because: (1) a better understanding
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of the surrounding conditions to improve the environmental management of companies in developing countries
is an emerging issue (Gunasekaran et al., 2014); (2) quantitative research on this subject has already been
conducted, although there are still opportunities for more qualitative detailing (Dornfeld, 2014; Govindan, 2015);

The main aims of this work are
•
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and (3) in general, more qualitative research is being encouraged by scholars of sustainable operations
management (Pagell and Shevchenko, 2014).

To explore an understudied field of research (i.e., the relationship between CSFs and the adoption of
environmental technologies in manufacturing firms);

•

To shed light on the reality of Brazilian companies by providing an exploratory and qualitative study, as
more empirical research in Latin America is necessary (Liston-Heines andVazquez-Brust, 2016),

•
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especially in Brazil (Abreu, 2009);

To identify the CSFs that should be correctly managed in order to promote the adoption of

To highlight the emergence of employees’ empowerment as a CSF based on leveraged learning and
benchmarking.
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environmental technologies, taking into account that small and medium firms in Brazil should be better
understood (Godinho Filho et al., 2016); and

This work is organized as follows. Section 2 shows the conceptual foundations (environmental management,
environmental technologies, and critical success factors). Section 3 describes the research methodology. Section
4 shows the research results, followed by a discussion (Section 5) and conclusions (Section 6).

2. Conceptual Background
2.1 Green manufacturing

Cutting-edge concepts and practices, such as “sustainable operations management” (Walker et al., 2014) and
“carbon-efficient production” (Tiwari, 2015), have environmental management at their core. Environmental
management can be defined as the attention to, and adoption of, principles, environmentally supportive practices
and technologies, waste-reduction initiatives, and improvement of firms’ social responsibility, which can
possibly bring about greater corporate competitive edge (Haden, 2009). Jabbour (2010) complemented this
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definition by pointing out that environmental management should be addressed systemically, thus implementing
environmental practices at all levels of a company. In the ecological modernization field, it is alleged that
environmental law, environmental technology innovation, and improvement of the environmental performance
of companies are able to coevolve (Sarkis et al., 2011).
One should also consider the degree of commitment of a company in relation to the environment. This

2013). For this research, three stages are considered.
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demonstrates the commitment this company has to environmental management. The level of commitment is also
referred to as the evolutionary stage or maturity level of environmental management (Jabbour and Jabbour,

The reactive stage of environmental management, wherein environmental management is deemed unnecessary,
is the least developed stage. The senior management team is not concerned about and gives little support to

SC

actions related to environmental management because the barriers are prominent and the benefits have not been
realized. Thus, companies tend to react only to actions and penalties.
The preventive stage of environmental management is considered an intermediate stage. In this stage companies
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begin to anticipate problems related to environmental issues. The prospect of the benefits that environmental
management can bring about is more optimistic and deserves more attention from the senior management team.
The proactive stage of environmental management is the most evolved of the stages. At this point there is a
strong commitment from the senior management team to enable the implementation of environmental projects.
Environmental management becomes a clear organizational area/function in a firm’s hierarchy and creates
positive impacts on other organizational areas (Prajogo et al., 2010). In this context environmental management
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starts creating synergy with others managerial trends, such as supply chain management (Liu et al., 2016). The
adoption of environmental management tools, such as ISO 14001 (Campos et al., 2015) also occurs, and thus,
the benefits of environmental management tend to be better noticed. Environmental technologies tend to be
adopted intensely.

EP

2.2 Environmental technology

The term “environmental technology” still has a very broad definition. Several studies (Vachon and Klassen,
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2007; Kuehr, 2007) have mentioned this term and tried to define it; even so, there is still little clarity, and there
are gaps to be filled. One definition stands out for involving all of the previous definitions and complementing
them: According to Jabbour (2010), based on Kuehr (2007), environmental technology is the development of
hardware and software that, by adopting new design concepts, operating equipment, and procedures, starts to
incorporate practices for continuous improvement of the company’s environmental performance, mainly by
using raw materials that have low environmental impact, processing them efficiently, and promoting reutilization
and minimal waste of their final products, thus changing the products and processes of a given production cycle.
Environmental technologies provide the opportunity to be strategic resources for firms mainly because they may
offer unique and original competitive advantages. Adopting environmental technologies may allow companies to
have a better product portfolio, improving eco-efficiency across the company and across the supply chain. As a
consequence, companies tend to gain a better competitive advantage (Shrivastava, 1995).
A study conducted by Kuehr (2007) stands out for classifying environmental technologies. This author created a
typology that is divided into categories. The first category is that of environmental measurement technologies,
which do not address the minimization of anthropogenic impacts on the environment but instead measure data
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for understanding such impacts; the second category is that of end-process technologies, which are based on
solutions for the end of the line, using, for instance, catalysts or filters, but which, on the other hand, bring about
higher energy consumption costs; the third category is that of cleaner technologies, which are based on changes
in production processes or the raw materials used and have an integrated view of the production cycle in order to
minimize end costs and consumption losses; the fourth and final category is that of clean or no-impact
technologies, which have no impact on the environment but, unfortunately, are considered quite utopian.
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Some relevant findings on the development and adoption of environmental technologies can be highlighted.
Klassen and Whybark (1999) conducted research on the relationship between the adoption of environmental
technologies and environmental performance. They discovered that companies adopting more-advanced
environmental management tend to invest in pollution-prevention technologies. Fernando et al. (2016) and
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Bartlett et al. (2010) affirmed that developing environmental technologies requires strong collaboration, both
internally and externally to organizations.
Thus, it is believed that the adoption of such environmental technologies in the context of organizational
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environmental management is influenced by critical success factors (CSFs), according to studies that address this
issue (Subramanian et al., 2013).

2.3 Critical success factors for environmental technology adoption

Critical success factors (CSFs) are essential aspects of firms’ greening. A company that observes these factors
properly and works with an environmental management approach will observe lower resistance from
stakeholders (employees, suppliers, etc.) in the implementation of environmental technologies, and therefore, the
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implementation will be successful, which makes for a smoother, faster, more effective, and more sustainable
process (Zutshi and Sohal, 2004). Some critical success factors that are considered the most relevant to this
research are briefly described below.
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One of the pioneering studies on CSFs was conducted by Rockart (1978), who define critical success factors as
key aspects that must be properly managed and must occur in the best possible way in order to make the business
flourish. In other words, CSFs are the limited number of organizational aspects where the results, if satisfactory,
ensure competitive success and better performance for the organization. Aligned with this view, it is possible to
argue that “CSFs” are those few things that must go well to ensure success for a manager or an organization,
and, therefore, they represent those managerial or enterprise areas that must be given special and continual
attention to bring about high performance” (Boynton and Zmud, 1984).

Because of the relevance of CSFs as a field of research, a large variety of disciplines have incorporated CSFs as
a subject, such as lean manufacturing (Achanga et al., 2006), R&D project management (Pinto and Slevin,
1989), green building (Lam, 2010), information technology (Amble et al., 2006), and reverse logistics (Mangla
et al., 2016).
The scientific production of works in the field of green management has also considered CSFs an important
subject. Subramanian et al. (2014) pointed out that Chinese enterprises are unlikely to go ahead with reverse
logistics without external critical factors, such as strict governmental legislation. Medeiros et al. (2014) proposed
four main critical success factors for environmentally sustainable product innovation: market, law, and
regulation knowledge; interfunctional collaboration; innovation-oriented learning; and R&D investments. Diabat
and Govindan (2011) highlighted governmental regulation and reverse logistics as CSFs for the adoption of
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green supply chain practices and related technologies in India. Lin and Ho (2011) analyzed the adoption of green
practices by Chinese logistic firms and discovered the following CSFs: organizational support, quality of human
resources, regulatory pressure, and governmental support. Hu and Hsu (2010) studied the adoption of green
supply chain practices and technology in electronic industries in Taiwan; they found four dimensions of critical
factors: supplier management, product recycling, organization involvement, and life-cycle management. Wee
and Quazi (2005) studied companies from Singapore; they discovered seven CSFs for adopting environmental
management systems, such as top management, employee involvement, and training, among others. Johanson
(2002) declared the CSFs for eco-design adoption. The most relevant CSFs were competence (training,
environmental specialist, best practices) and motivation (green mind-set, green champions, employee
involvement). Jabbour et al. (2014) highlighted, based on evidence from Brazilian companies, that human CSFs
are essential for adopting low-carbon eco-innovations. Finally, developing environmental technology requires
internal and external collaboration (Bartlett et al., 2010; Fernando et al., 2016).
Based on the aforementioned literature review, the first factor to consider is the support from senior management
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(Wee and Quazi, 2005). Senior management’s commitment is of utmost importance to ensure the concern for,
and understanding of, environmental issues. This commitment is crucial in the adoption, implementation, and
maintenance of a new technology. Learning about environmental issues is the first step for the senior
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management team to take on such a commitment and provide the subsequent support. Some ways top managers
can make a positive impact on their organizations include providing leadership and motivation to all levels of
staff; providing aid to implementation; and allocating time for communication, training, and motivation during
the implementation phases. However, for senior managers to reach that level of understanding and provide
support for environmental issues, they must be aware of the positive returns and benefits the new technology will
bring to the company and its stakeholders. Moreover, top managers must be aware of the responsibilities the
organization has in relation to environmental issues and possible accidents.
A very important factor is environmental training (Renwick et al., 2016). Organizations must provide their
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employees with training in order to have them up to date with the new measures being implemented. Training is
an important element for empowering green teams (Dangelico, 2015). As a result, all levels of the organization
will be able to contribute to the successful implementation of either environmental technologies or new practices
(Teixeira et al., 2012).
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The second important factor that should be considered is cultural and organizational change (Jabbour et al.,
2014). This factor is as important as the support from the senior management team because it involves all levels
of the organization’s employees, with a new vision of the organization in relation to environmental management
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issues.

In this regard it is necessary to consider the importance of communication so that there is an effective cultural
change (Wee and Quazi, 2005). For all levels of the company’s employees to be aware of the new positioning of
the company, it is crucial to have communication and exchange of information among all the parties involved,
that way everyone will know the benefits the new environmental technology will bring to the organization as
well as the steps for its successful implementation. Additionally, communication between stakeholders, both
internal and external, will allow them to contribute to the implementation and its maintenance.
Learning from the experiences of other organizations and benchmarking can also be regarded as critical success
factors (Wee and Quazi, 2005). Learning from other companies’ experiences can help a company to reduce
potential challenges and obstacles since it will already be aware of these challenges and prepared for each of
them. Learning by benchmarking can help a company to identify best practices and ways to implement a
practice, new technology, or new environmental management system.
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3. Research Methodology

Because this subject has been little explored, an exploratory study of multiple cases was carried out since this
type of research approach is recommended when the subject is still mostly conceptual (Teixeira et al., 2012).
Having a qualitative character, two case studies were conducted, aiming at a deeper analysis of the topic.
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Although the quantity of cases may be considered limited, it is aligned with the quantity of cases considered
acceptable by scholars in the sustainability field of research (Anholon et al., 2016; Giannetti et al., 2008).
As a minimum requirement, the companies selected needed to have the ISO 14001 certification. About seven
companies in the great industrial area of Bauru City, Sao Paulo, Brazil, met this minimum requirement. Services
firms, although relevant (Wong et al., 20013), were discarded due to the nature of this work. Bauru City is a
major industrial area in Sao Paulo, which is the most industrialized and relevant state in Brazil (Duarte et al.,

SC

2011). Studying Brazil can be justified because of the necessity of knowing more about environmental
management in Latin America (Liston-Heines and Vazquez-Brust, 2016) and in emerging economies (Abreu,
2009; Geng and Doberstein, 2008). Contact via email and telephone was made with all seven firms; nevertheless,
only two (hereafter called “Alpha” and “Beta”) agreed to receive an on-site visit and be involved in an in-depth
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analysis, thus characterizing the case study methodology.

Data collection involved in-depth interviews of environmental and production managers from Alpha and the
environmental manager of Beta, who is also head of quality and safety issues in the environmental department.
The interviews were divided into two parts, each with a manager, but in the case of Beta, the manager who was
interviewed answered the whole set of questions. Interviews and site visits occurred between October 2013 and
January 2014. Table 1 shows some characteristics of the companies. The interviews’ main subjects were new

Company
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environmental technologies adopted by the companies, the role of critical success factors, and the level of
environmental management pursued by the companies.

Description

AC
C

Alpha

EP

Brazilian company of the
battery industry, located in
São Paulo, Brazil; classified
as a medium-sized firm.

Beta

Brazilian company of the
wood pulp sector, located in
São Paulo, Brazil; classified
as a medium-sized
company in expansion.

Dynamics of data collection
Respondents
Visits/Documents
Interview with the head of
Visits to the factory were
the environmental
carried out.
management department.
The company’s website
the
basic
Interview with the manager provided
of the factory’s production
information for choosing
area.
the case.
Complementary interviews
were allowed.
Interview with the manager
and head of the
environmental department,
quality and safety in the
workplace.
Complementary interviews
were allowed.

Table 1: Summary of the characteristics of the companies analyzed

Visits to the factory were
carried out.
The company’s website
provided the basic
information for choosing
the case, as well as a report
of detailed environmental
performance.
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4. Research results
4.1 Alpha
Alpha had been working with an environmental management system since 1993, with the creation of its
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environmental management department. ISO 9001 was implemented in 2000, and ISO 14001 was implemented
in 2006. This company claims to have created this department considering not only its necessity but also
financial, trading, and environmental terms.

This company has implemented a number of environmental technologies and adopted many environmental
practices throughout its history, even before the accomplishment of ISO 14001. During the interviews many

SC

environmental technologies were mentioned, such as the adoption of filters and an exhaust system, which were
installed and implemented by a third party; internal care with air-conditioning and maintenance; and total
recycling of batteries, among other practices. However, two technologies stood out as being subject to
classification according to Kuehr (2007), as previously discussed. The first technology was the practice of
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remotely charging batteries, and the second technology was a new type of battery developed with expanded
plates.

The first technology of remotely charging batteries was adopted because it is safer and reduces energy
consumption. A machine carries out the initial charging of a battery remotely, without any human manipulation
and with the exact amount of energy required for the battery. Previously this charging was performed manually
by company employees and, thus, risked serious electrical shock and energy waste since human error could
occur in the process.

TE
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The second technology was applied on a new battery that was developed with expanded lead plates. This
technology was acquired through an exchange/collaboration with European companies. These expanded plates
brought increased productivity to the company along with new manufacturing practices, which were not
mentioned by the respondent.

EP

For both the technologies implemented, tests were performed in company laboratories owned by Alpha.
Following the implementation decision, training of the teams involved was given in order to upgrade the teams
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and inform them of the new procedures that would be implemented and the steps involved in the process so that
the implementation of the technology was successful.
It should be noted that the initial projects to adopt these technologies came from the senior management team
and had their support throughout the implementation processes. For various purposes, such as export expansion,
cost reduction, improved quality, and increased productivity, support from the senior management team was
essential for the successful implementation of the technologies.
However, it was emphasized that employees were part of the process, seeking technologies and implementing
them, and were equally encouraged to share their opinions regarding the way a process was occurring. Certain
autonomy was given to the employees for them to change the process, provided it was for the better; that is to
say, if an employee found a better way to use the new technology, this way would be adopted by all, and if an
improvement was actually verified, this employee would be rewarded. This is what in the management literature
is referred to as “empowerment,” a practice widely used in businesses nowadays. The production manager
interviewed claimed that there were few problems at the shop-floor level. The biggest problems were technical
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problems, mainly one that occurred during the setup but that was then resolved by following the suggestion
offered by an employee. Thus, employee empowerment was key.
4.2 Beta
In Beta, certification for ISO 14001 was accomplished before the ISO 9001 certification in 2008 and 2009,
respectively. The company also has CSF certification, accomplished in 2006. This is a certificate that confirms
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that the forest operations carried out by the company are in accordance with the natural standards of forest
management. Beta stated that the creation of its environmental management department was not only due to
necessity but also because it was a matter of survival since environmental legislation has become more rigorous
and competition has increased when taking into account environmental requirements.
Because this company is of the wood pulp sector, it was already concerned about the new legislation in force and

SC

had been making plans to implement new green technologies. This is verified by the fact that the ISO 14001
certification was accomplished prior to the ISO 9001 certification. Another factor that motivated the company to
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seek changes was a proposal from the senior management team to increase the plant’s size because the wood
pulp industry is growing. The respondent, who is head of the environmental management department,
emphasized that the company has always had an environmental character and that all the implementation
projects for new technologies are assessed by the environmental management department. The department
conducts an analysis of environmental and sustainability issues to determine not only production gains but also
environmental gains. Moreover, a proposal to increase production by fourfold has been studied since 2010. The
production of wood pulp at this plant would increase from 250,000 tons to 1 million tons. The environmental
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impact analysis has concluded that this increase is environmentally feasible, always with support from the senior
management team.
A very important environmental technology that has been implemented in the company’s production process was
mentioned by the responding environmental manager: electrostatic precipitators, devices that, according to the
interviewee, are essential to the company’s expansion. These electrostatic precipitators, which are defined as
environmental control devices, were installed on the boilers to release lower quantities of particulate matter and

EP

lower amounts of odorous gases resulting from the burning of raw material in the boilers.
In order to implement this technology, there also was training for the employees and support from senior
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management. It was noted that, because the company had already been working with environmental management
for some time, this had become part of the company’s culture, and, according to the environmental manager who
was interviewed, there was a “natural and easy implementation of ISO 14001.” Beta, just like Alpha, is closely in
contact with its staff, thus making them naturally engaged whenever there are new actions in the company.
Moreover, there are awards for employees who accomplish goals. Another point to be emphasized is the fact that
the ISO certifications were a result of the actions the company had already been practicing, and therefore, the
environmental character of the company was already quite consistent, allowing employees to make decisions
about environmental management.

5. Discussion

As for the environmental management of the two companies, one can infer that both Alpha and Beta already had
a certain level of concern about environmental issues and had already been applying environmental management
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measures for some time—since before the creation of the environmental management department and even
before the implementation of ISO 14001. These companies can be considered to be in agreement with the new
greening scenario of industrial organizations, as suggested by Govindan et al. (2015).
Both companies pointed out that this department was created out of necessity and for market survival. However,
Beta already had a greater environmental character, as was mentioned in the previous section. Thus, Beta can be
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considered more environmentally proactive than Alpha, following Jabbour and Jabbour (2013).
It can be said that both companies have benefited from environmental management practices and from the
environmental technologies implemented. As exemplified by Jabbour and Jabbour (2013), the companies
experienced lower operating costs as well as better performance in production based on green initiatives.
Moreover, a culture of innovation was created in Alpha, which had already tested new technologies in its
laboratories before and from then on began to develop its own technologies. Both companies established new
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partnerships, including with new suppliers. In the implementation of ISO 14001, these companies established
partnerships with suppliers that already complied with the requirements of the ISO, thus generating a chain of
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green supplies because, as the environmental manager of Alpha said, “just as our customers require us to comply
with environmental standards, we will require our suppliers to do the same.”
This shows a trend in environmental management toward a greener supply chain, as suggested by the literature
(Sarkis et al., 2011). Beta had the benefit of anticipating the legislation that was yet to come, as mentioned by the
manager who was interviewed. Both companies claimed to have a good relationship with Cetesb (Companhia de
Tecnologia de Saneamento Ambiental—Environmental Sanitation Technology Company), which is the body
responsible for controlling, surveilling, monitoring, and licensing pollution-generating activities in the state of
São Paulo. “Whenever we have a question regarding a particular standard, we communicate with the Cetesb for
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clarification,” said the environmental manager of Beta.

In relation to the challenges faced by the companies in environmental management and implementation of
technologies, only Alpha claimed to have had problems with the implementation of ISO 9000 due to the
organizational culture of the company, which was in transition. However, after the certification of ISO 9001, the
company applied new practices, with changes in its organizational culture, and thus, the environmental manager

EP

claimed the implementation of ISO 14001 and the adoption of environmental technologies posed no challenges
or obstacles to the success of the new practices. Beta, on the other hand, which had already been practicing
environmental management, had a greener organizational culture. The environmental manager claimed that all
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the measures taken in relation to the environmental management department occurred naturally and posed no
challenges or obstacles to their successful implementation.
Besides fitting and confirming the definition by Jabbour (2010), the technologies mentioned by the respondents
can be classified according to Kuehr’s typologies (Kuehr, 2007). The technologies pointed out—such as the
expanded plates for batteries, the remote charging of batteries, and the electrostatic precipitators—can be
classified as cleaner technologies that will have an effect on the production process. This kind of technology
improves productivity and waste reduction, becoming a competitive advantage for Alpha, confirming
Shrivastava’s (1995) arguments.
The critical success factors that were initially considered were support from the senior management team,
cultural change and organizational vision, importance of communication, learning from other organizations and
benchmarking experiences, and environmental training. Some of these critical success factors were confirmed.
Others were less relevant for the successful implementation of environmental technologies; however, they
should not be discarded. Finally, some unexpected factors, which were extremely important for the successful
adoption of environmental technologies, were also identified.
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Alpha and Beta confirmed that support from the senior management team is vital for a new technology or new
practice to be well implemented. Without this support, a new bottom-up technology will unlikely be
implemented due to probable lack of resources or acceptance by the senior management team. Therefore, support
from the senior management team can be considered the basis for successful implementation.
In the context of an environmental cultural change, environmental communication is one factor that was
common to the two companies and confirmed by both. Having good internal communication involving all the

RI
PT

levels in a company brings about benefits to the process of implementation and helps clearly establish the
company’s objectives and goals. External communication can also be extremely important. Involving the
community and agencies responsible for environmental regulation is important in order to be updated and to
update stakeholders regarding organizational changes.
The expanded plate technology applied to the “Alpha” company’s new battery is a European technology that was

SC

brought to the company through an exchange between companies of the same industry. However, a factor that
was pointed out by Beta is that of cultural change and organizational vision. A company whose environmental

M
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culture is solid probably makes use of environmental practices as well as technologies. This facilitates the
implementation of any other practice or environmental technology that may be necessary, making the process
easy, fast, and smooth.

Another factor confirmed by the two companies is the environmental training factor. Without the proper training
of its staff, a company cannot make effective use of any environmental technology or practice adopted, and
therefore, it will be useless and a waste of resources in the long run. Consequently, having all levels of the
company aware of, and participate in, organizational changes is crucial for a successful implementation.

TE
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A factor related to the involvement of employees, but which was not expected, is the empowerment factor. Both
companies proved to have their employees involved in the process of implementation and to have given them
some autonomy to change the application of these technologies, as well as the opportunity to improve them. In
this way the employees were motivated to work better and to better adapt to changes, and thus, satisfaction with
the work performed was higher. Empowerment experiences emerged from opportunities where learning,
knowledge exchange, and benchmarking took place. Thus, it is possible to propose a link between employees’

EP

empowerment and learning.
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Table 2 shows a summary of the intensity of the critical success factors pointed out by each company.

Critical Success Factors

Company
Alpha

Beta

Support from senior management
Training for the employees
Cultural and organizational changes
Communication
Empowerment through learning and
benchmarking
= inexistent
Label

= moderate
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= intense
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Table 2: Intensity of the Critical Success Factors

After analyzing the two cases comparatively, the following points can be summarized:

The emergence of a new CSF, called employee empowerment, derives from learning and
benchmarking;

•

Two CSFs can be highlighted as the most relevant and unanimously present in both Alpha and Beta:

SC

•

support from senior management and employee empowerment through learning and benchmarking;
Communication and cultural organizational changes were relevant CSFs, especially for Beta; and

•

There is a potential synergistic relationship between CSFs and the maturity level of environmental
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•

management. For example, Beta was positioned at a more advanced environmental level as well as had
greater intensity in terms of CSFs than Alpha.
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6. Conclusions

According to the results obtained in this research, there is more attention from companies regarding
environmental issues, and they wish to upgrade and comply with the current legislation. To do so, companies

EP

must initially apply the measures contained in the ISO 9001 and ISO 14001 certificates and then implement new
techniques and new environmental practices because the existence of environmental management within a
company is a prerequisite for success. Companies must also be aware of and keep up with new environmental

AC
C

technologies that have been developed in their industry. By doing so, they will be able to enjoy the benefits these
technologies and practices offer, as long as they are successfully implemented.
Therefore, in this scenario, knowing which factors will make a new technology successful is an advantage. By
analyzing both companies, one can conclude that support from senior management and empowerment are the
two most relevant CSFs for the desired success. However, one should not rely solely on the support from the
senior management team but also on the support and understanding of the employees who will use and be
empowered by the new technologies and practices. According to Alt et al. (2014), employees have unique
knowledge of firms, which promotes environmental improvement. Finally, according to Klassen and Whybark
(1999), developing more advanced environmental management requires companies to adopt pollution-prevention
technologies, which are intensive in human knowledge. Thus, building a strategic link between human resources
management and the adoption of environmental technologies may have a potential outcome for companies
pursuing sustainability. This process requires companies’ attention to an emerging management topic named
green/sustainable and human resources management (Longoni et al., 2016; Renwick et al., 2016; Yusliza et al.,
2015; Ehnert et al., 2015; Jackson et al., 2011). Additionally, firms adopting environmental technologies need to
pay attention to cultural and organizational changes and communication.
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This research aims to contribute as follows:
•

It highlights the relevance of handling top management support and employee empowerment (through
learning and benchmarking) when adopting environmental technologies in medium-sized firms.
It suggests a potential synergistic effect among the considered CSFs.

•

It contributes to the theory of greening industrial companies (Govindan et al., 2015) since it introduces

RI
PT

•

Brazilian cases to a still-emerging field of studies (Gunasekaran et al., 2014).
•

It provides qualitative evidence that caters to contemporary suggestions on the sustainability of operations
(Pagell and Shevchenko, 2014).

•

It has implications for higher-education institutions that teach and research environmental technologies and

SC

that are searching for sustainability (Leal Filho et al., 2016).

These results and reflections should be considered in view of the inherent limitations of this research. First, the

M
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U

research results cannot be generalized to all Brazilian companies; the results are more aligned with the reality of
medium firms operating in Sao Paulo, near the industrial area of Bauru. Finally, it is necessary to point out that,
although acceptable (according to, for example, Giannetti et al., 2008), the quantity of cases explored in this
work could be enlarged.
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Putting environmental technologies into the mainstream: adoption of
environmental technologies by medium-sized manufacturing firms in Brazil
Research Highlights
Critical Success Factors (CSF) can influence the adoption of environmental
technologies

•

Fresh evidence from Brazilian manufacturing medium-sized firms is presented

•

Employee empowerment emerged as a new CSF

•

Support from senior management communication and cultural changes were
relevant
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Synergistic relationship between CSFs and the maturity of environmental
management was identified

AC
C

•

RI
PT

•

