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Abstract

Different environmental strategies have been devised and implemented as instruments to change companies’ socio-environ-
mental behavior worldwide. In this study, we investigated the motivations for implementing environmental strategies and
practices in Brazilian mills, as well as their organizational profile, and evaluated the effects of adopting environmental prac-
tices on competitiveness. Through case studies using face-to-face interviews with key people, we surveyed six medium- and
large-sized Brazilian mills. The results highlighted that the main motivations for implementing environmental strategies and
practices in the mills were external and internal pressures, operational performance, and the improvement in competitive-
ness. In relation to external and internal pressures, environmental legislation and regulations, safety at work, and commodity
trading were the parameters that guided the adoption of environmental strategies. Regarding operational performance, we
observed that the mills linked environmental issues to an organizational structure in conjunction with the company’s strate-
gic decisionmakers, as well as monitoring and treating soil, water, air, and sugarcane by-products and reducing and reusing
by-products in order to prevent environmental impacts and reduce operating costs, which provided them with improvements
in operational excellence. Our results also showed that the use of environmental strategies led to improvements in mills’
competitiveness, as it enhanced the company’s image in the most demanding markets and guaranteed a better position in
the current market, besides raising employee satisfaction through participation in internal and external projects. Therefore,
adopting environmental strategies and practices in the sugar-energy sector can contribute to improving the mill’s operational
performance, reducing social pressures, and gaining competitive advantages, as well as leading to sustainable production.
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Introduction

The world’s interest in the production and consumption
of biofuels has been growing annually and, in Brazil, it
has been strongly stimulated by the interest in alterna-
tive sources that contribute to the diversification of the
energy matrix, aiming to reduce greenhouse gas emissions
and generate less impacts on ecosystem, land and water
resources and biodiversity (Guarenghi and Walter 2016;
Walter et al. 2014). The business case for improving envi-
ronmental performance is increasingly evident and inter-
national markets are demanding deforestation-free agri-
culture and that meet environmental conservation criteria
(Lambin et al. 2018; Stabile et al. 2020).

Management scholars have responded continuously to
the evolution of the environment of competing companies
in the field of environmental strategy and social manage-
ment. The emergence of the concept of sustainability as a
new variable of the external environment is a new strategic
management challenge for companies. Concern about the
quality of the natural environment, while maintaining eco-
nomic well-being, population growth, and increasing con-
sumption levels, has been one of the main drivers of the
modern view of sustainability (Spetic et al. 2012). Over
the last decades, a series of changes have occurred in the
business environment regarding current strategic contexts.
The effect that sustainability provides in the way compa-
nies operate and compete has influenced most companies
around the world (Fowler and Hope 2007).

Due to pressure from the social sector, sustainability cri-
teria have been proposed to promote the efficient, sustain-
able production of biofuels. Adopting sustainability criteria
may result in the certification of biofuel production, and
some producing countries, such as Brazil, have concerns
that a certification process may impose new barriers to the
international trade in ethanol (Walter et al. 2011). However,
it can be observed that establishing international standards
for the trade of environmentally certified products has been
the central objective of political interactions that defend
environmental protection, agricultural consolidation, and
international marketing (Hoff and Rajao 2020).

Environmental management arises in the context in
which the environmental variable is inserted into the
organizational field of companies both by market pres-
sure and by the growing development of environmental
movements and pressure from political and social institu-
tions. Thus, companies should be committed to protecting
and conserving nature, which will also serve to inform the
market about the environmental quality included in the
product and production processes (Martinez et al. 2019).

The sugar-energy sector stands out because of its
high economic potential due to the commercialization of
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products and by-products of sugarcane processing, such
as sugar, ethanol, and bioelectricity (Figueiredo and Scala
2011). Brazil’s sugarcane ethanol has been indicated as an
alternative to fossil fuels with an average greenhouse gas
emission reduction of 86% compared to fossil fuels (Wang
et al. 2014). The future of sustainable energy depends on
the increased use of renewable energy. The first genera-
tion of ethanol production in Brazil was based mainly on
locally developed technology and, in contrast to other
alternatives for renewable energy, it does not depend on
imports and the technology can be transferred to other
countries (Silva et al. 2019).

There is great worldwide interest in the knowledge of
environmental strategies and practices that support the
decision-making by governments and key managers in vari-
ous sectors of the economy, such as the sugar-energy sector,
and assisting in the development and improvement of public
policies for the land use and conservation of, water, air, and
biodiversity. Few studies have reported the impacts of envi-
ronmental strategies on the socioeconomic development of
sugarcane mills (e.g., Gilio and Moraes 2016; Postal et al.
2020; Sozinho et al. 2018). Thus, the research can contribute
to the knowledge of coordinating environmental strategies
and practices and their implications on social and govern-
mental pressures, operational excellence, and the competi-
tiveness of companies in the sugar-energy sector.

Encouraging companies to adopt environmental man-
agement collaborates to achieve global conservation goals
plays an important role in reducing negative impacts on the
environment and increases operational performance (Comini
et al. 2019; Pacheco et al. 2018), especially in developing
countries due to the transformational nature of their econo-
mies and because their agricultural and industrial policies
are premature and experimental (Ju et al. 2019). Thus, the
objectives were to analyze the main motivations for imple-
menting environmental strategies in mills, verify the organ-
izational profile in relation to the adopted environmental
strategies, and evaluate the mills’ competitiveness in the use
of environmental practices.

Theoretical background and hypothesis
development

Characterization of the sugar-energy sector

Sugarcane is one of the main and most environmentally
friendly crops in Brazil (Matos et al. 2020). Products such as
Brazil’s sugarcane-based ethanol, sugar, and electricity have
drawn the attention of the international community because
of their alleged respect for the environment. Advocates cite
industry as a successful alternative energy model, contribut-
ing to the renewable energy matrix, and it does not compete
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with global food production, unlike ethanol produced from
grains mainly in the USA (Matos et al. 2020; Miranda and
Fonseca 2020).

Brazil is a key producer in the world market for ethanol
and sugar (Kennedy et al. 2018; Markert et al. 2020). Local
conditions for ethanol and sugar production are favorable,
taking into account factors such as land availability and
climate, long-term experience, agricultural and industrial
technology, and the enormous existing domestic market
(Guarenghi and Walter 2016). Brazil is the world’s largest
producer of sugarcane. According to the National Supply
Company (CONAB 2020), Brazilian sugarcane production
in 2019 was approximately 642.7 million tonnes, compared
with 620.4 million tonnes in 2018. The total area of sug-
arcane in 2019 was 10 million hectares, similar to 2018
(CONAB 2020).

The total number of sugar-ethanol mills in 2019 was
estimated at 359 units (USDA 2020). Investments in new
greenfield projects remain scarce. Concurrently, several
units have been closed in the past couple of years, mainly
due to financial constraints. It was noted that some of these
units have been acquired by larger and financially healthy
groups (Flexor and Leite 2017).

Brazil and the USA dominate the global market, account-
ing for 84% of production in 2019 of the world’s ethanol
trade (RFA 2020). However, Brazilian ethanol is produced
from sugarcane, whereas US ethanol uses corn (Correll et al.
2014). Brazil’s ethanol production depends on the world
economy of the price of sugar and the growth of Brazil-
ian domestic consumption of this fuel (USDA 2019a). The
Brazilian government recently raised the blend mandate
of ethanol in gasoline from 25 to 27%, which should boost
domestic use (Brasil 2015).

Global sugar production in 2019 was 174 million tonnes,
whereby Brazil and India were the main producers (USDA
2019b). Sugar consumption is expected to increase slightly,
reflecting population growth and an expanding food pro-
cessing sector. Brazil exported around 18.9 million tonnes
of sugar in 2019 (CONAB 2020), a value that was above
that exported by Thailand, ranked second in exports (USDA
2019b).

Sustainability and environmental management

Environmental sustainability has become an important
business issue in recent times. Faced with social pres-
sures to engage in sustainable practices, companies may
react symbolically or take substantial actions to mitigate
their environmental impacts (Homroy and Slechten 2019).
In this context, it cannot be denied that significant pro-
gress has been made in the way organizations interpret
and deal with the sustainability issue (Winn et al. 2012).
One of the main factors that lead organizations to adopt

an environmental strategy refers to the requirements of
the stakeholders involved, especially regarding their
operational practices as they are able to reduce resource
consumption and waste generation (Homroy and Slechten
2019).

In recent years, mills have established some important
self-regulatory measures. These measures can be broken
down into organizational programs, individual and collective
initiatives, and formal commitments to national and inter-
national law. Some of these initiatives are related to social
and ethical issues with the external community, as well as
international environmental standards such as Bonsucro
Certification and ISO 14001. This attempt to gain accept-
ance in the international market is especially important for
the traded products by mills such as ethanol (Zeidan et al.
2015). According to the reported observations, the following
hypothesis is proposed:

H1 External and internal pressures have a positive influence
on the implementation of environmental strategies.

Some studies have pointed out the negative impacts of
ethanol and sugar production, especially regarding water
pollution; threats to biodiversity as a result of extensive
monoculture; and the atmospheric pollutant emissions from
the burning sugarcane process (Cristale et al. 2012; Filoso
et al. 2015; Postal et al. 2020). The effects of direct and
indirect land use changes are also considered, such as the
intensive use of forests to increase biofuel production, which
reduces the carbon content stored in forests, having negative
consequences on the balance of carbon (Fargione et al. 2008;
Hoel 2020; Lapola et al. 2010). However, there are several
studies that presented possible alternatives for the adequacy
of sugarcane production to sustainability criteria, such as
proposals to reduce water consumption, soil conservation,
and measures to improve working conditions (Costa 2020;
Denny 2020; Postal et al. 2020; Sun and Fan 2020). There
are also studies that reported the contributions of sugarcane
ethanol to climate change mitigation (Zuurbier and van de
Vooren 2008).

Other possible motivations in the companies for adopt-
ing environmental management are those related to improv-
ing operational performance through saving resources by
improving efficiency and reducing costs with energy and
water, materials and residues, fines and penalties; increas-
ing organizational and international competitive advantages;
reducing company risk by government regulatory agencies,
insurance companies, and financial institutions; increasing
awareness of environmental impacts among employees;
and establishing a strong image of corporate social respon-
sibility (Bagur-Femenias et al. 2013; Leonidou et al. 2017;
Martinez-del-Rio and Céspedes-Lorente 2014). Considering
this, the second hypothesis was formulated:
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H2 The adoption of environmental practices is related to
operational excellence.

Environmental strategies involve management planning,
organization, and standardized structures used by compa-
nies to systematically manage activities that affect the natu-
ral environment by integrating procedures and processes,
involving training, monitoring, and documented records.
These activities include people, instruments, and actions to
collect and process data that enable environmental infor-
mation for management and decision-making, serving as a
tool for companies to better visualize their environmental
obligations, identify significant threats, and minimize envi-
ronmental risks associated with their businesses (Cary and
Roberts 2011).

Environmental Impact Assessment (EIA) is a systematic
process of environmental control planning, and its purpose
is to prevent any environmental impact. Cultural, social, and
health effects are considered to be an integral part of EIA,
and particular attention is paid to the practical application
of this assessment to prevent and mitigate the significant
negative effects of environmental impacts. The EIA aims to
improve environmental awareness and attitudes and seeks to
ensure that environmental values are included in decision-
making processes. These are steps to achieve ecological
sustainability and compliance of sustainable communities
(Martinez et al. 2019).

Over the last two decades, organizations have generally
perceived the benefits that can be gained from proactive
positioning in their relationships with social and environ-
mental aspects, improving their efficiency, gaining com-
petitive advantage, and reducing compliance costs through
legal compliance actions, complying with sector regulations
(Hashmi et al. 2015). Yang et al (2010) reported that the
practice of effective environmental management in organi-
zations can increase their manufacturing competitiveness,
leading to consequent reductions in costs and improvement
of quality, as well as the development of new products and
processes.

Thus, considering that environmental sustainability has
become a critical focus in industrial activities in general
(Walker et al. 2014) and the sugar-energy sector, in par-
ticular, and also the fact that every organization generates
environmental impacts that must be managed (Arnaut et al.
2012), it is relevant and essential to incorporate environmen-
tal management within contemporary organizations.

According to Paulraj (2009), in addition to legal require-
ments, adopting environmental practices by companies
occurred for several other reasons, such as increased com-
petitiveness and ethical concerns. Environmental competi-
tiveness is the extent to which companies compete regard-
ing environmental issues and the potential for environmental
strategies to provide them with a competitive advantage
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(Martinez-del-Rio and Céspedes-Lorente 2014). In addition
to ethics and social responsibility, environmental manage-
ment, in particular, has a strong influence on managerial
decision-making (Lee 2009). On the basis of the submitted
evidence, the third hypothesis is proposed:

H3 The use of environmental strategies improves competi-
tiveness of the mills.

Methodological approach

In this research, we chose a multiple-case study to increase
and diversify the amount of information and made a compar-
ison between the cases, thus providing a better understand-
ing of the organizational phenomena (Almeida et al. 2018).
Evidence from multiple cases is usually more attractive and
the study is considered more robust, as there is a compari-
son between the cases studied in the research. Furthermore,
each case study consists of a complete study in which the
evidence converges to a conclusion (Yin 2018).

Our case studies combine data from different sources,
such as interviews, internal and external documents, site
visits to establish the validity and reliability of deepening
our understanding (Eisenhardt 1989). The most important
advantage of using multiple sources of evidence is the devel-
opment of convergent lines of inquiry, a process of triangula-
tion and corroboration (Yin 2018). Thus, a descriptive and
exploratory approach was adopted in this study.

The data collection procedure consisted of using semi-
structured questionnaires with open and closed questions
(Supplementary Material), thus allowing greater interaction
between the researcher and interviewees. The interviews
took between 90 and 120 min per participant. By using this
procedure, the interviewee can achieve the necessary free-
dom and spontaneity, enriching the research.

The data used for the empirical analysis were taken from
a survey based on face-to-face encounters with three par-
ticipants from each of the six surveyed mills, making a total
of 18 participants. Participants were at a direction, man-
agement, or coordination level, for example environmental
engineers, agronomists, and biologists (Table 1). The period
from the first contacts with the mills until completing the
data collection was from June 2019 to February 2020.

The choice of the surveyed mills was intentional and non-
probabilistic. We surveyed six medium-sized and large-sized
Brazilian mills. This sample represents a share of 4.86%
from the total sugarcane processed in the largest Brazilian
producing region (center-south). Merriam (2009) highlights
that it is in non-probabilistic, intentional, or purposeful
sampling that the maximum degree of understanding the
research objective is reached. This type of sampling is a
selection based on the researchers’ criteria, which implies a
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Table 1 Description of the position and function of the employees
interviewed in the mills. Source: Elaborated by the author based on
data from the field research

Mill Position in the company Function

1 Coordinator Biologist
Manager Agricultural
Director Industry

2 Coordinator Environmental Engineer
Manager Agricultural and Industry
Director Industry

3 Coordinator Environmental Engineer
Manager Agricultural
Director Industry

4 Manager Agricultural

Coordinator Environmental

Director Agricultural and Industry
5 Coordinator Agronomist Engineer
Manager Agricultural
Manager Administrative
6 Coordinator Biologist
Manager Agricultural
Director Agricultural and Industry

list of attributes to be met (Almeida et al. 2018). Our sam-
pling criteria were: (1) mills that process and produce sugar,
ethanol, and/or bioelectricity; (2) mills with some imple-
mented environmental strategies and an environmental
department; (3) multinational or funded by national private
capital; (4) mills that showed interest in participating in the
research and authorized strategic managers and decision-
makers to participate in the interviews.

Table 2 presents general information on the six mills sur-
veyed, such as the inauguration date, the annual sugarcane
milling, the quantity of ethanol and sugar, cogeneration of
clean electricity exported to the Brazilian public network,
and the number of employees. Mills A, B, C, D, and E are
located in the state of Sdo Paulo. The main activity of com-
pany A is to transform cane into refined and liquid sugar,
ethanol, and bioelectricity. The second mill, B, dates back to
the 1980s, producing several crystalline sugars and ethanol.

Mill C started its activities in 2007, producing 100% of etha-
nol. Mill D is also a new company (2006) that produces etha-
nol, sugar, and bioelectricity, while Mill E produces ethanol
and sugar and dates back to the early 1990s. All these mills
have multinational private capital. Mill F is located in the
state of Mato Grosso do Sul and started operating in 2007.
This mill has Brazilian private capital and produces ethanol
and electricity through biomass from sugarcane bagasse.

After analyzing several studies on the positive and nega-
tive impacts of implementing environmental strategies
in different types of companies, we observed that several
items can determine the environmental strategies (Bagur-
Femenias et al. 2013; Gupta and Nagpal 2020; Kazancoglu
et al. 2020; Pakzad et al. 2017). Thus, we use the follow-
ing parameters: environmental legislation and government
regulations; safety at work (noise, dust, toxic substances);
commodity trading; organizational structure; monitoring of
soil, air, water, and by-product sugarcane; water, sewage,
solid waste and vinasse treatment; reduction and reuse of
by-products; internal projects; external projects; and opera-
tional excellence.

Results and discussion

External and internal pressures in the sugar-energy
sector

In this study, internal and external pressures directly influ-
enced the implementation of environmental strategies and
practices in the mills. We note that the main external pres-
sures that encourage mills to adopt environmental strategies
were legislation and government regulations and the market-
ing of their products, motivated by the need for operating
licenses, the influence from their customers, new “green”
markets and social pressures. As for internal pressures, the
main one refers to security at work, motivated by its employ-
ees and by the government and society. Pakzad et al. (2017)
also observed that internal and external customers, as well
as political issues and city strategies (social pressure), eco-
nomic benefits and legislation are the main arguments that

Table 2 Data related to
the mills in relation to the
inauguration date, annual

Parameters

Mill

A B C D E F

milling, sugar and ethanol
production, and energy
cogeneration. Source:
Elaborated by the author based
on data from the field research

Inauguration date

Ethanol (m3/year)
Sugar (Tons/year)

Exported bioelectricity—for sale (GWh)

Employees

Sugarcane milling X 1000 (Tons/year)

1987 1981 2007 2006 1990 2007

4400 2600 2200 2400 3200 3000
90,000 100,000 210,000 75,000 170,000 340,000
460,000 216,000 - 237,000 184,000 -
140,000 - - 90,000 - 150,000
2540 1750 1200 1370 1690 1500
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influence the definition of the company’s environmental
strategy, as observed in the mills surveyed.

According to our results, all the interviewees had a clear
idea about the environmental management system and the
sustainability assumptions and were able to point out several
issues, such as the advantages and difficulties to implement
and manage them. They reported that the main requirements
of customers were issues related to environmental, prod-
uct delivery regularity, and quantity (100% of interviewees
selected these options), followed by product mix (50% of
interviewees—mills B, D, and E). The quality and price
issues were not mentioned by the interviewees as a differ-
ential related to environmental practices because sugar, etha-
nol, and electricity products are commodities.

Regarding the environmental legislation, all the mills in
the sample (100%) have environmental licenses (Table S1
in the Supplementary Material) and consider that they were
working according to the relevant environmental legisla-
tion and regulations, prioritizing preventive actions. All
the researched mills have other types of licenses in com-
mon (i.e., for gas stations, water collection), as well as legal
reserves and permanent preservation areas. Mills A, D, and
F differed from the others in terms of electricity generation
because they sell the surplus electricity to the Brazilian pub-
lic grid; therefore, they need other licenses, such as electric
power substation and transmission lines.

It was observed that the environmental legislation
fulfillment was an important aspect prioritized by all
researched mills. However, only mills A and B (33%) fre-
quently access the municipal, state, and federal legisla-
tion applicable to their environmental aspects (Table S1)
and use them consciously to increase the company’s

sustainability. Abreu et al (2013) reported that the moti-
vation for environmental investments was fundamentally
to comply with legislation, and later to improve the quality
of pollutant emissions, reduction in waste and fines. From
environmental policy-making perspective, it is essential
to understand the level of awareness of companies about
existing environmental legislation in their country, only
then can compliance be encouraged without fear of fines
(Alotaibi et al. 2020).

In this study, three indicators were developed in order to
verify which stage each mill fits in the environmental con-
text. Indicator 1 (Table 3) refers to environmental strategies
and environmental impact studies in production processes or
throughout the production chain. Companies that carry out
environmental impact studies in accordance with the legis-
lation, developing actions to protect natural resources and
prevent environmental impacts and have a standardized and
formalized environmental management system indicate that
they fulfil actions from the first to the third stage. Whereas
the strategy that assumes that agricultural and industrial
activities should not be considered in isolation, but as an
ecosystem that functions within the natural ecological eco-
system, prioritizing actions for the optimization of resource
use, minimizing pollutant emissions, and post-consumer
(community) actions, falls into stage 4. The results for indi-
cator 1 (Table 3) were based on participants’ response to
question 9 of the questionnaire (Supplementary Material).

Regarding indicator 1, only mills A and B are in stages 3
and 4. In general, most mills are at an intermediate stage in
environmental strategies, that is, in stage 2. The researched
mills consider that they are implementing environmental
strategies to avoid problems with legislation, prioritizing

Table 3 Stages of mills surveyed regarding management of environmental strategies (indicator 1). Source: Elaborated by the author based on

data from the field research

Environmental strategies—management

Mill

A B C D E F

Stage 1

It produces environmental impact studies according to the requirements of the legislation and focusesitspreven- ¥ Y Y Y Y Y
tive action on processes that offer potential damage to the health and risk to the safety of its employees

Stage 2

In addition to fulfilling the legal obligation, it knows and develops actions to prevent the main environmental Y Y Y Y Y Y

impacts caused by its processes and products or services
Stage 3

It has a standardized and formalized environmental management system, including broad risk identification, Y Y N N N N
action plans, resource allocation, training for employees and auditing

Stage 4

In addition to having environmental management systems, it produces impact studies in the entire production Y Y N N N N

chain; it develops partnerships with suppliers to improve its environmental management processes and partici-

pates in the final destination of products and post-consumption processes

Y =Yes—the action is contained in the premises of the strategic instrument

N=No—the action is not contained in the premises of the strategic instrument

@ Springer



Impact of environmental strategies and practices on the socioeconomic development of the...

preventive action strategies, such as monitoring and control
activities of the main existing environmental risks.

It was reported by all respondents that the use of environ-
mental strategies and practices was beneficial for employees
in terms of improvement in safety at work (Table S1), and it
was understood in this study that safety at work and environ-
mental issues must be treated in an integrated way. This was
observed by improvements in practices related to controlling
and monitoring, both in the industry and in the agricultural
field, of noise, dust, exposure temperature, and mainly in
the use of toxic substances (example vinasse, pesticides, and
industrial chemicals). Testa et al (2020), who studied the oil
and gas industry, also reported that environmental issues and
safety at work should be discussed together, in an integrated
manner, in which all employees, and not just managers, have
the opportunity to influence on environmental issues that are
directly involved with your security.

Except for Mill C, the others (83% of mills, Table S1)
believe that environmental strategies help in commodity
trading and add value in the form of an increase in the num-
ber of more demanding customers (“green” markets) and
with long-term contracts. The interviewees reported that
large clients demand some action on environmental and
social issues, including companies such as Petrobras and
Shell, Danone food and Coca-Cola and Guarana Antarctica
beverages. The interviewees of mill C reported that environ-
mental strategies do not directly help commodity trading and
add value because, according to them, the price of ethanol is
determined by the market.

In the Brazilian sugarcane agroindustry, some studies
pointed out that the company seeks to incorporate envi-
ronmental and sustainability principles into its agricultural
operations (i.e., not contribute to direct deforestation, reduc-
tion in water and fertilizer consumption) (Bordonal et al.
2018) and in supply chain, leading to positive repercussions
in its image, increased competitiveness in current and new
markets, access to international markets, and improved
financial performance (Andrade and Paiva 2012).

In the opinion of all interviewees of the mills surveyed,
the advantages of using an environmental management sys-
tem outweigh the disadvantages. Although the objective
of this system’s adoption is not to directly generate profit,
despite the relatively high investments, there is compensa-
tion for the credibility with the local community, in negotiat-
ing with large and demanding clients, new “green” markets,
as well as the possibility of international business.

Most respondents reported that they have the ISO 14001
and Bonsucro environmental certifications (83% of mills,
Table S1). Only mill F did not yet have environmental certi-
fication. The interviewees stated that certifications are one of
the main devices to achieve sustainability standards. Certifi-
cations are voluntary schemes that aim to show internal and
external stakeholders the performance of the mills in terms

of sustainability issues (Sozinho et al. 2018). The ISO 14001
adoption has a significant impact on improving environmen-
tal management and firm performance (Arocena et al. 2021)
and Bonsucro certification helps to mainstream sustainabil-
ity into the production lifecycle and address relevant social
and economic issues (Sozinho et al. 2018).

Internal and external pressures are the first step for
the company to become more environmentally sustain-
able (Bagur-Femenias et al. 2013) and in the case of the
researched mills, a influence of these pressures for the
implementation of environmental strategies was observed,
so H1 was confirmed (Table 3). Figure 1 briefly depicts the
parameters related to internal and external pressures and
their motivations for the use of environmental strategies and
practices in the mills.

Operational performance improvements

Two important facts were observed in the six mills
researched: The first was the existence of an environmental
department; the second referred to using external consul-
tancies. All respondents reported that qualified labor and
outsourced technical assistance are required to carry out
environmental management in the mills (Table S1). In the
environmental department, there is a person who participates
directly in the strategic decisions of the company, taking
part in meetings with top management and a differential
of the mills was the participation in regional sustainability
committees, such as micro-basins. Bagur-Femenias et al.
(2013) showed a positive relation between environmental
management practices and companies’ organization and per-
formance. Moreover, Abreu et al. (2012) noted a remarkable
fact, which is the complexity of the environmental work and
lack of internal human resources, therefore usually the com-
panies end up hiring external consultants.

Table 4 presents the parameters related to the envi-
ronmental department and external consultancies. At the

Parameter Motivaton

Operating licenses
. R Customer influence
Environmental legislation
New "green" markets

Social pressure

Safety at work (e.g. noise, dust, Pressure from employees

heat, vibration, temperature and
toxic substances

Social and governmental pressure
New "green" markets

Environmental and social
strategies help and add value to
more demanding customers

Commodity trading (ethanol,
sugar and electricity)

Fig. 1 Parameters related to internal and external pressures and their
motivations for the use of environmental strategies and practices
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Table 4 Number of employees, number of consultancies, consultancy costs, professional qualification, and subordination of the mills surveyed.

Source: Elaborated by the author based on data from the field research

Parameters Mill
A B C D E F

Environmental

Department
Employees 4 1 1 2 2 2
Consulting Company 2 1 2 2 1 1
Monthly cost (USD) 35,000 22,500 32,000 30,000 26,000 27,500
Cost/Sugarcane mill-  0.064 0.069 0.116 0.100 0.065 0.073

ing (USD/Tons)
Professional qualifi-  Environmental and ~ Environ- Environmental Environmental Environmental Environmental

cation Agronomist Engi- mental Engineer Engineer and and Agronomist Engineer and

neer and biologist Engineer biologist Engineer biologist
Subordination CEO CEO Industrial Manager ~ CEO Agricultural Man- CEO
ager

researched mills, there are various consulting services, how-
ever, it was noted that in the new ones (C, D, and F), they
play an essential role since they aim to streamline processes
in public agencies, mainly in environmental licensing pro-
jects, generating a higher cost per ton sugarcane milling for
these mills.

It was observed that in 67% of the mills (A, B, D, and
F), the environmental department was directly linked to
top management, such as CEOs, who participated in the
company’s strategic decisions (Table S1). This has made
decisions about environmental strategies faster and more
assertive, guiding the reduction in environmental impacts
and the relationship with the community, through various
educational programs. According to Homroy and Slechten
(2019), companies can adopt symbolism or proactive meas-
ures to improve environmental ethics and sustainability, with
top management and is responsible for implementing and
monitoring such practices, providing information and stra-
tegic advice and generating knowledge about environmental
strategies.

Although all interviewees stated that their companies
periodically define environmental objectives and targets,
only mills A, B, and C (Table S1) perform internal envi-
ronmental audits through employees trained by a special-
ized team from the environment department. The audit was
considered by the participants as an important management
method to control and monitor environmental processes.
Using auditing, it was possible to determine whether the
activities were in compliance and identify opportunities
for improvements, able to communicate the results of this
process to internal and external customers and mainly to
redefine, if necessary, the company’s environmental objec-
tives and goals.

The existence of treatment plants was similar among the
researched mills. Regarding water treatment (100% of mills,
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Table S1), this is done only for use in industrial processes,
and for human consumption, water is taken from artesian
wells and treated in drinking fountains distributed through-
out the mills. None of the mills has a solid waste treatment
plant (Table S1). The solid waste treatment is outsourced
due to high costs, that is, they are sold to other companies
for reuse. In companies C, D, and F (Table S1), sewage
treatment is carried out at the industrial plant itself as the
mills are newer and had more innovative industrial technolo-
gies, focusing more on the waste destined to the mill itself,
whereas in A, B, and E, it is through the public sanitation
network. It was also observed in all mills that there was a
concern with the possible fines that could be imposed by
the government for not treating sewage and vinasse, given
the hazard of dumping these products in the ecosystems and
water and soil contamination, causing serious risks to the
environment.

A crucial point for the environmental management system
to work relates to environmental impacts. It was observed
that mills A, B, and C (50% of mills, Table S1) carry out
constant identification and evaluation procedures in this
regard, such as monitoring groundwater and surface waters,
mainly using vinasse (by-product of sugarcane), air (pollu-
tion of cane burning and industry), soil (erosion and silting),
and biodiversity (fauna and flora). As in the mills studied,
Abreu (2009) observed in several branches of industrial
activities that there was concern about the water quality,
solid waste generation, energy consumption, atmospheric
emissions, and nature resource depletion. It was also noted
that the implementation of pollution prevention practices
helps to minimize the energy and water consumption and
reduces the rates of effluent treatment and waste discharge
(Jabbour and Jabbour 2016; Kazancoglu et al. 2020).

Even by analyzing, monitoring, and controlling pos-
sible environmental impacts, the risk is imminent in the
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researched mills. Mills A, B, and E, despite having environ-
mental certifications (ISO 14001 and Bonsucro), were fined
for non-conformities. Mill A had environmental problems
with improper storage of agrochemicals; mill B had leaked
vinasse and molasses from the industry (ethanol produc-
tion by-products); and mill E was fined for removing trees
without authorization from the competent authorities and
sugarcane burning. In all these examples of environmental
impacts, fines were imposed and repair or re-education work
was requested. All the mills drew up plans to correct the
damage caused and mitigated possible new failures. Preven-
tive environmental measures carried out by the mills led to
a reduction in costs with fines and environmental repairs.
However, according to the interviewees, the actions elabo-
rated by the mills were strictly related to the fulfillment of
legal requirements (Brazilian environmental legislation), as
well as the social pressures regarding the environmentally
and socially correct issue. Sdnchez-Medina et al. (2015)
demonstrated in Mexican companies that the government’s
coercive pressure through monitoring and constant inspec-
tion of the company’s environmental practices did not con-
tribute to a change in the entrepreneurs’ behavior, that is,
companies simply complied with the established norms as
they were afraid of penalties.

Mills C, D, and F were less susceptible to having this kind
of environmental problems because they started operating
more recently. These mills have more modern and efficient
industrial processes, suggesting a lower level of environ-
mental impacts due to their higher technological levels.
Therefore, the use of innovative technologies indicates that
improvements in agricultural and industrial sectors have
led to a better sustainability and acceptance of products

produced by the mills (e.g., ethanol and sugar) in the global
market (Bordonal et al. 2018).

The indicator 2 (Table 5) refers to the environmental
strategies to minimize the inflow and outflow of materials.
The results for this indicator were based on participants’
response to question 30 of the questionnaire (Supplemen-
tary Material). Actions to reduce and prevent environmental
damage began with the reduction of waste in the production
process to evolve toward technological changes that optimize
production, enabling the reuse of by-products from industry
in its process or in the production system. Following this
reasoning, the mill that adopted to monitor the consumption
of natural resources and the production of waste in its mills
was classified up to the initial three stages. Programs that
establish reuse and environmental compensation actions that
cover the entire production system (agricultural and indus-
try) are the focus of stage 4, and only mills A and B carried
out these environmental actions. Mills C, D, E, and F have
not yet achieved an adequate level of environmental sustain-
ability, however, they started the process (mills D, E, and F
were in stages 1 and 2; mill C was in stage 3). Table 5 shows
detailed information of all the stages of this indicator.

The mills surveyed have somehow applied environmental
strategies to mitigate potential environmental risks and are
seeking new technologies in agricultural and industrial areas
to reduce and reuse various products, such as by-products
from industry, vinasse, and bagasse, being used, respec-
tively, as agricultural fertilizer and for bioenergy generation.
This reuse of sugarcane by-products improves the financial
revenues of the mills, through the electrical energy cogen-
eration and the use of vinasse as a fertilizer in agriculture,
automatically mitigating possible environmental impacts

Table 5 Stages of mills surveyed regarding management of material inputs and outputs (indicator 2). Source: Elaborated by the author based on

data from the field research

Environmental strategies—minimizing material inputs and outputs

Usina

A B C D E F

Stage 1

Without changing its current technological standard, it has sought to reduce the consumption of energy, water, Y Y Y Y Y Y
toxic products, and raw materials and to implement processes for the proper disposal of waste

Stage 2

It has invested in updating its technological standard, aiming at reducing and/or replacing incoming resources Y Y Y Y Y Y

and reusing residues (by the company itself or by third parties)
Stage 3

In addition to investing in the reduction and reuse of resources, it has a process to periodically measure, monitor Y Y Y N N N
and audit the significant environmental aspects related to the consumption of natural resources and the produc-

tion of residues and waste, periodically establishing new goals
Stage 4

It is close to achieving a high level of environmental sustainability through reuse and environmental compensa- Y Y N N N N

tion strategies that encompass the entire production system

Y =Yes—the action is contained in the premises of the strategic instrument

N=No—the action is not contained in the premises of the strategic instrument
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with these by-products. Thus, there was a direct reduction
in operating costs, since the mills reduce the acquisition of
fertilizers and the energy consumption. The by-products
used (i.e., bagasse and straw) were considered as essential
raw materials, mainly for generating electricity and obtain-
ing second generation ethanol (Martins et al. 2018).

Those responsible for implementing or improving envi-
ronmental management should be guided by some key prin-
ciples based on recognizing that social and environmental
management is among the highest priorities of the organi-
zation; establishing and maintaining communication with
internal and external stakeholders; determining applicable
legal requirements and environmental aspects associated
with the company’s activities and products; developing man-
agement and employee commitment to environmental pro-
tection; clearly defining responsibilities, stimulating envi-
ronmental planning throughout the cycle, product, or process
life; providing adequate and sufficient resources including
training to achieve the intended performance levels; con-
tinuously assessing environmental performance regarding
the company’s environmental policy, objectives, and goals;
always seeking a management process to audit and critically
review environmental management and identifying oppor-
tunities for entire system improvement, resulting in better
environmental performance, and encouraging its suppliers to
establish a socio-environmental management system.

In terms of operational performance, the implementa-
tion of environmental practices has several consequences,
such as the development of more strategic organizational
routines, operating cost reduction, decreased environmental
accident risks and government actions, less social pressure
due to cleaner production in relation to the environment
and improvement in financial revenue with the use of by-
products from industrial and agricultural processes. Thus,
the results indicated a positive impact of the adoption of
environmental practices in operational excellence, therefore,
H2 was supported. Figure 2 briefly depicts the parameters
related to operational performance and their motivations for
the use of environmental practices.

Environmental strategies and competitiveness

The use of environmental strategies and practices in the
researched mills generated positive impacts on competitive-
ness. When a company adopts environmental management,
it can improve its image, attract a new category of more
demanding national and international customers (“green”
markets), and further satisfy existing customers (Bagur-
Femenias et al. 2013), as well as guaranteeing a better
position in the current market (Leonidou et al. 2017). Fur-
thermore, employees may have greater satisfaction with the
environmental commitment, as well as opening a new com-
munication channel between employees and management,
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Parameter Motivaton

Organizational routines
Environmental department -
Organizational structure strategic decisions
Consultancy - alignment of

government regulations

Social and governmental pressure
Cost reduction with fines

Environmental repair cost
reduction

Monitoring of soil, air, water and
by-product (vinasse)

Social pressure
. Decrease in effluents
Water, sewage, solid waste and Avoid fi
vinasse treatment void Iines
Cost reduction - innovative

technologies

Operating cost reduction
Benefits in agriculture (fertilizer
Reduction and reuse of by- g ( )

products Improvement in financial revenue

(bioenergy)
L Mitigate environmental impact )

Fig.2 Parameters related to operational performance and their moti-
vations for the use of environmental practices

improving employee morale (Lee 2009). The adoption of
environmental strategies also has an impact on competitive-
ness through improvements in operational performance,
since the company can achieve savings in the consumption
of materials, energy, and water, directly reducing operating
costs (Fernandez-Viné et al. 2010).

The environmental strategy was considered formal in all
researched mills (Table S1) by implementing simple but
effective internal projects, such as the use of signage in the
industry and in the administrative and agricultural sectors.
Information leaflets and banners were distributed inside the
mills and at strategic points, such as on roads and nearby
cities. According to the interviewees, these internal projects
produced greater communication between the employees
and the top management of the mills, in addition opening
up an interaction between the employees and the company,
encouraging the sending of environmental suggestions.

Only the participation of mills A and B was observed in
projects for the biodiversity preservation (Table S1), such
as projects to recover rivers, reforestation, and monitoring
of fauna, soil, and water in the regions close to the mills.
Regarding environmental awareness, interviewees (mills
A, B, E, and F, Table S1) reported that there are activities
ranging from specific actions to the company’s engagement
with the socio-environmental leadership in its community.
When implementing the projects, strategic procedures were
adopted, such as actions to protect employees, public health,
and the environment.

In this research, the indicator 3 refers to environmen-
tal practices related to effective internal and external pro-
jects. Briefly, stages 1 and 2 refer to employee training and
environmental education activities focusing on the internal
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public. Stages 3 and 4 presume environmental awareness
actions at various levels, whether in its surroundings, for
the partners of the productive chain and in the delivery of its
products, as well as supporting or participating in sustain-
ability projects. The results for this indicator were based on
participants’ response to question 37 of the questionnaire
(Supplementary Material).

Table 6 shows the stages of mills surveyed in relation to
indicator 3. In the stage 1, which refers to the environmen-
tal education of employees, all mills work on this subject,
while in stage 2, only mill C does not systematically provide
information to the internal public, due to the immaturity
of the environmental manager. Regarding stages 3 and 4,
the new mills C and D do not yet carry out environmen-
tal education campaigns with the families of employees,
suppliers, consumers, and customers, and the immediate
surroundings of the company. Mills C and D also do not
support or participate in educational projects in partnership
with non-governmental and environmental organizations.
It is worth mentioning that mills A, B, and E carried out
work in schools in the region of their mills to raise aware-
ness and clarify environmental issues, and Mills A, B, and F
gave talks to the external community with an environmental
focus. Although most mills (A, B, E, F) develop awareness
campaigns and participate in environmental education pro-
jects, these projects and actions are not documented, nor is
there a pre-defined schedule and budget in mills E and F.

The commitment of employees of the mills to environ-
mental concerns and practices increased their identification
with the mill’s values, mainly with their participation in
social projects with the local community. Some interview-
ees (mills A and B) reported that the insertion in external

projects generated gains in competitiveness for the mills, in
addition to improving their image before their stakehold-
ers, domestic markets, and government. The social demand
for a more sustainable environment, coupled with increased
environmental care, forced the mills to carry out various
educational activities and participate in extensive programs
for the prevention, education, and mitigation of environmen-
tal impacts in the nearby cities.

The implementing environmental strategies and prac-
tices also affected the competitiveness of the mills through
improvements in operational excellence. The reduction in
operating costs resulting from the environmental manage-
ment enhancements increased the mills’ competitiveness, as
it helped them to improve their current positions in a highly
competitive market in commodity sales, in addition to dif-
ferentiating themselves from their potential competitors and
improving their image for the participation of new markets
more ecologically demanding.

All interviewees stated that environmental issues affected
the mills’ competitiveness through continuous improvements
in operational excellence (Table S1). The reduction in oper-
ating costs resulting from the environmental management
enhancements increased the mills’ competitiveness, as it
helped them to improve their current positions in a highly
competitive market in commodity sales, in addition to dif-
ferentiating themselves from their potential competitors and
improving their image for the participation of new markets
more ecologically demanding.

Operational excellence combined with the growth of
the company’s reputation may lead to an increase in cus-
tomer satisfaction. In addition, a reduction in fixed costs
makes companies more competitive, as they need to sell

Table 6 Stages of mills surveyed regarding awareness of environmental challenges (indicator 3). Source: Elaborated by the author based on data

from the field research

In order to contribute to the population’s awareness of environmental challenges arising from human activity Mill

and cultivating values of environmental responsibility, the mill

A B C D E F

Stage 1

Develops environmental actions and training for employees on this topic, occasionally or asaresultofexternal Y Y Y Y Y Y
pressure (i.e., such as government or society and community requirements)

Stage 2

Systematically develops environmental activities focused on the internal public, providing information, and Y Y N Y Y Y

encouraging discussions
Stage 3

In addition to internal campaigns, the mill develops environmental awareness campaigns aimed at familymem- Y Y N N Y Y
bers of employees, suppliers, consumers, customers, and the community around the mill

Stage 4

In addition to developing campaigns, the mill supports or participates in environmental education projects in Y Y N N Y Y
partnership with non-governmental and environmental organizations, exercising social leadership in favor of

this cause

Y =Yes—the action is contained in the premises of the strategic instrument

N=No—the action is not contained in the premises of the strategic instrument
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less to cover their costs and therefore become more prof-
itable (Bagur-Femenias et al. 2013). In fact, the competi-
tive advantage derived from eco-friendly business practices
strengthens current markets and the search for new custom-
ers, as well as cost savings generate more sales, profits, or
other positive financial returns for companies (Leonidou
et al. 2017).

Thus, our results indicated that use of environmental
strategies improves the competitiveness of the mills, there-
fore, H3 was validated. Figure 3 briefly depicts the param-
eters related to competitiveness and their motivations for the
use of environmental strategies.

Conclusions

The sugar-energy sector is undergoing a process of change in
environmental issues, presenting well-defined environmental
processes or seeking this definition. There is a scenario of
technological innovations in industry and agriculture, such
as the generation of clean electricity through biomass, use of
industrial waste in agriculture, and new forms of administra-
tive management, inserted by multinational companies that
are acquiring and building mills in Brazil.

Currently, few studies have reported the effects of envi-
ronmental strategies and practices on the socioeconomic
development of companies based on social pressures, excel-
lence operational, and competitiveness (e.g., Gupta and
Nagpal 2020; Obeidat et al. 2020; Postal et al. 2020). Our
findings showed that mills that adopt environmental strate-
gies and practices may be able to differentiate themselves
from the others, especially in reducing social pressures and
improving operational performance and competitiveness,
due to the acceptance of their products by the most demand-
ing foreign markets and in the domestic market, the reduc-
tion in fines, the greater use of industrial by-products, such

Parameters Motivaton

EE— e 2\

Communication between employees and top
managemem

Internal projects Environmental suggestions from employees

Environmental management training

Improve mill image - "green" markets,
External projects community and government

Environmental education in nearby cities

Operating cost reduction

Environmental practices improve the mill's
image before more demanding markets

Operational
Excellence

Fig.3 Parameters related to competitiveness and their motivations for
the use of environmental strategies
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as vinasse, generating a residue reduction, and an increase
in stakeholders satisfaction through compliance with work
safety and participation in water, air, land, and biodiversity
conservation projects.

The choice of environmental management paths will
depend mainly on some factors, such as the organization’s
profile, the company’s size, and the technological innova-
tions, i.e., whether orderly and consolidated management
can facilitate the introduction of environmental strategies
and determine possible advantages in competitiveness,
influenced by aspects such as current reputation (image)
and commercial relations with current customers and new
markets.

Given the structural differences (i.e., size, inauguration
date, number of employees, ethanol, sugar and energy pro-
duction, among others) between the researched mills, the
information obtained in this research on environmental strat-
egies cannot be generalized, however, with the strong social
and governmental pressures, the environmental issue should
be implemented in a short time in all Brazilian mills and
any other company that is in the market. Our study provided
necessary and relevant information for mills and compa-
nies in other sectors and for those directly responsible for
sustainable management, for a more in-depth understanding
of coordinating environmental strategies and their implica-
tions for operational excellence and the competitiveness of
companies.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10098-021-02185-x.

Acknowledgements None.

Declarations

Conflict of interest The authors declares that they have no conflict of
interest statement.

References

Abreu MCS (2009) How to define an environmental policy to improve
corporate sustainability in developing countries. Bus Strategy
Environ 18(8):542-556

Abreu MCS, Castro F, Assis F, Silva Filho JCL (2012) A comparative
understanding of corporate social responsibility of textile firms
in Brazil and China. J Cleaner Prod 20:119-126

Abreu MCS, Castro FC, Lazaro JC (2013) Avaliacao da influéncia dos
stakeholders na proatividade ambiental de empresas brasileiras.
Revista De Contabilidade e Organizagdes 7(17):22-35

Almeida PCJM, Pinheiro LE, Deschamps F, Morton VE, Treinta F,
Moura LF (2018) A case study extension methodology for per-
formance measurement diagnosis in nonprofit organizations. Int
J Prod Econ 203:225-238

Alotaibi BA, Kassem HS, Abdullah ALZ, Alyafrsi MA (2020) Farm-
ers’ awareness of agri-environmental legislation in Saudi Arabia.
Land Use Policy 99:104902


https://doi.org/10.1007/s10098-021-02185-x

Impact of environmental strategies and practices on the socioeconomic development of the...

Andrade MCF, Paiva EL (2012). Green supply chain management na
agroindustria canavieira: o caso Jalles Machado. Revista Base
(Administrag¢ao e Contabilidade) da UNISINOS, 9: 2—-12

Arnaut E, Jabbour ABLS, Jabbour CJC (2012) Understanding the skills
of environmental managers: a study of companies in Brazil’s food
sector. Environ Quality Manag 21(4):41-48

Arocena P, Orcos R, Zouaghi F (2021) The impact of ISO 14001 on
firm environmental and economic performance: The moderating
role of size and environmental awareness. Bus Strategy Environ
30(2):955-967

Bagur-Femenias L, Llach J, Alonso-Almeida M (2013) Is the adoption
of environmental practices a strategical decision for small service
companies? Manag Dec 51:41-62

Bordonal OR, Carvalho JLN, Lal R, Figueiredo EB, Oliveira BG, La
Scala N (2018) Sustainability of sugarcane production in Brazil.
A review. Agro Sust Dev 38(2):13

Brasil (2015) Portaria MAPA, No. 75 de 05/03/2015—Cronologia da
concentragio etanol anidro—gasolina no Brasil

Cary J, Roberts A (2011) The limitations of environmental man-
agement systems in Australian agriculture. J Environ Manag
92(3):878-885

Comini IB, Jacovine LAG, Zanuncio JC, Ima GS (2019) Contribu-
tion of conservation units to ecological ICMS generation for
municipalities and environmental conservation. Land Use Policy
86:322-327

CONAB-Companhia Nacional de Abastecimento (2020) Acompanha-
mento da safra Brasileira, v. 7, n. 7, safra 2019/20, 62p

Correll D, Suzuki Y, Martens B (2014) Biorenewable fuels at the
intersection of product and process flexibility: a novel modeling
approach and application. Int J Prod Econ 150:1-8

Costa JAM (2020) From sugarcane to ethanol: the historical process
that transformed Brazil into a biofuel superpower. Mapp Politics
10-19

Cristale J, Silva FS, Zocolo GJ, Marchi MRR (2012) Influence of sug-
arcane burning on indoor/outdoor PAH air pollution in Brazil.
Environ Pollut 169:210-216

Denny DMT (2020) Competitive renewables as the key to energy tran-
sition-RenovaBio: the Brazilian biofuel regulation. In: Guimaraes
LN (ed) The regulation and policy of latin American energy tran-
sitions. Elsevier, pp 223-242

Eisenhardt KM (1989) Building theories from case study research.
Acad Manag Rev 14(4):532-550

Fargione J, Hill J, Tilman D, Polasky S, Hawthorne P (2008) Land
clearing and the biofuel carbon debt. Science 319:1235-1238

Fernandez-Viii¢ MB, Gomez-Navarro T, Capuz-Rizo SF (2010) Eco-
efficiency in the SMEs of Venezuela. Current status and future
perspectives. J Clean Product 18(8):736-746

Figueiredo EB, Scala N (2011) Greenhouse gas balance due to the
conversion of sugarcane areas from burned to green harvest in
Brazil. Agric Ecosyst Environ 141:77-85

Filoso S, Carmo JB, Mardegan SF, Lins SRM, Gomes TF, Martinelli
LA (2015) Reassessing the environmental impacts of sugarcane
ethanol production in Brazil to help meet sustainability goals.
Renew Sust Rev 52:1847-1856

Flexor G, Leite SP (2017) Land market and land grabbing in Bra-
zil during the commodity boom of the 2000s. Contexto Int
39(2):393-420

Fowler SJ, Hope C (2007) Incorporating sustainable business practices
into company strategy. Bus Strategy Environ 16(1): 26-38

Gilio L, Moraes MAFD (2016) Sugarcane industry’s socioeconomic
impact in S3o Paulo, Brazil: a spatial dynamic panel approach.
Energy Econ 58:27-37

Guarenghi MM, Walter A (2016) Assessing potential impacts of sug-
arcane production on water resources: a case study in Brazil. Bio
Bioprod Bioref 10(6):699-709

Gupta G, Nagpal S (2020) Green dimensions, environment orienta-
tion and size: impact assessment on operational performance of
manufacturing firms. Global Bus Rev 1:097215

Hashmi MA, Damanhouri A, Rana D (2015) Evaluation of sustain-
ability practices in the United States and large corporations. J Bus
Ethics 127(3):673-681

Hoel M (2020) The rise and fall of bioenergy. J Environ Econ Manag
101:102314

Homroy S, Slechten A (2019) Do board expertise and networked boards
affect environmental performance? J Bus Ethics 158:269-292

Jabbour CJC, Jabbour ABLS (2016) Green human resource manage-
ment and green supply chain management: linking two emerging
agendas. J Clean Prod 112:1824-1833

Ju M, Murray JY, Gao GY, Kotabe M (2019) Concurrent sourcing
strategy of multinational firms in China: drivers and performance
implications. J] World Bus 54(6):101015

Kazancoglu Y, Sagnak M, Kayikci Y, Kumar MS (2020) Operational
excellence in a green supply chain for environmental management:
a case study. Bus Strategy Environ 29(3):1532-1547

Kennedy RD, Cheavegatti-Gianotto A, Oliveira WS, Lirette RP, Hjelle
1J (2018) A general safety assessment for purified food ingredients
derived from biotechnology crops: case study of Brazilian sugar
and beverages produced from insect-protected sugarcane. Front
Bioeng Biotech 6:45-53

Lambin EF, Gibbs HK, Heilmayr R et al (2018) The role of supply-
chain initiatives in reducing deforestation. Nat Clim Change
8:109-116

Lapola DM, Schaldach R et al (2010) Indirect land-use changes can
overcome carbon savings from biofuels in Brazil. Proc Natl Acad
Sci 107(8):3388-3393

Lee KH (2009) Why and how to adopt green management into business
organizations? The case study of Korean SMEs in manufacturing
industry. Manag Dec 47(7):1101-1121

Leonidou LC, Christodoulides P, Kyrgidou LP, Palihawadana D (2017)
Internal drivers and performance consequences of small firm
green business strategy: the moderating role of external forces. J
Bus Ethics 140(3):585-606

Markert B, Wuenschmann S, Fraenzle S, Delakowitz B (2020) Alter-
native energy. In: Fath BD (ed) Managing air quality and energy
systems. CRC Press , London, pp 63-90

Martinez LF, Toro J, Leén C (2019) A complex network approach
to environmental impact assessment. Imp Assess Project App
37(5):407-420

Martinez-del-Rio J, Céspedes-Lorente J (2014) Competitiveness and
legitimation: the logic of companies going green in geographical
clusters. J Bus Ethics 120:131-146

Martins AL, Wanke P, Chen Z, Zhang N (2018) Ethanol production in
Brazil: an assessment of main drivers with MCMC generalized
linear mixed models. Res Cons Recy 132:16-27

Matos M, Santos F, Eichler P (2020) Chapter 1—sugarcane world sce-
nario. In: Santos F, Rabelo SC, Matos M, Eichler P (eds) Sugar-
cane biorefinery, technology and perspectives. Academic Press,
London, pp 1-19

Merriam SB (2009) Qualitative research: A Guide to design and imple-
mentation. Jossey-Bass, San Francisco

Miranda EE, Fonseca MF (2020) Chapter 4—sugarcane: food produc-
tion, energy, and environment. In: Santos F, Rabelo SC, Matos M,
Eichler P (eds) Sugarcane biorefinery, technology and perspec-
tives. Academic Press, New York, pp 67-88

Obeidat SM, Al Bakri AA, Elbanna S (2020) Leveraging “green”
human resource practices to enable environmental and organiza-
tional performance: evidence from the Qatari oil and gas industry.
J Bus Ethics 164(2):371-388

Pacheco AA, Neves ACO, Fernandes GW (2018) Uneven conservation
efforts compromise Brazil to meet the target 11 of convention on
biological diversity. Persp Ecol Conserv 16:43-48

@ Springer



H. C. Dornfeld et al.

Pakzad P, Osmond P, Corkery L (2017) Developing key sustainability
indicators for assessing green infrastructure performance. Proce-
dia Eng 180:146-156

Paulraj A (2009) Environmental motivations: a classification scheme
and its impact on environmental strategies and practices. Bus
Strategy Env 18(7):453-468

Postal AM, Kamali FP, Asveld L, Osseweijer P, Silveira JMFJ (2020)
The impact of sugarcane expansion in Brazil: local stakeholders’
perceptions. J Rural Stud 73:147-162

RFA—Renewable Fuels Association (2020) Annual World Fuel
Ethanol Production. U.S. and World Ethanol Production,
Annual Renewable Fuels Association

Sanchez-Medina PS, Diaz-Pichardo R, Bautista-Cruz A, Toledo-Lépez
A (2015) Environmental compliance and economic and environ-
mental performance: evidence from handicrafts small businesses
in Mexico. J Bus Ethics 126(3):381-393

Silva DFS, Bomtempo JV, Alves FC (2019) Innovation opportunities
in the Brazilian sugar-energy sector. J Clean Prod 218:871-879

Sozinho DWF, Gallardo ALCF, Duarte CG, Ramos HR, Ruiz MS
(2018) Towards strengthening sustainability instruments in the
Brazilian sugarcane ethanol sector. J Clean Prod 182:437-454

Spetic W, Marquez P, Kozak R (2012) Critical areas and entry points
for sustainability-related strategies in the sugarcane-based ethanol
industry of Brazil. Bus Strategy Environ 21(6):370-386

Stabile MC, Guimaraes AL et al (2020) Solving Brazil’s land use puz-
zle: increasing production and slowing Amazon deforestation.
Land Use Policy 91:104362

Sun O, Fan N (2020) A review on optimization methods for biomass
supply chain: models and algorithms, sustainable issues, and chal-
lenges and opportunities. Process Integr Optim Sustain 4:203-226

Testa F, Corsini F, Gusmerotti NM, Iraldo F (2020) Predictors of
organizational citizenship behavior in relation to environ-
mental and health and safety issues. Int J] Human Res Manag
31(13):1705-1738

USDA (2019a) Global agricultural information network. Brazil Biofu-
els Annual. Retrieved from United States

USDA (2019b) Global agricultural information network. Sugar: World
Markets and Trade. Retrieved from United States

Authors and Affiliations

USDA (2020) Global agricultural information network. Biofuels
Annual. Retrieved from United States

van der Hoff R, Rajao R (2020) The politics of environmental mar-
ket instruments: coalition building and knowledge filtering in the
regulation of forest certificates trading in Brazil. Land Use Policy
96:104666

Walker H, Seuring S, Sarkis J, Klassen R, Prajogo D, Tang AKY, Lai
KH (2014) The diffusion of environmental management system
and its effect on environmental management practices. Int J Op
Prod Manag 34(5):565-585

Walter A, Dolzan P, Quilodran O, Oliveira JG, Silva C, Piacente F,
Segerstedt A (2011) Sustainability assessment of bio-ethanol pro-
duction in Brazil considering land use change, GHG emissions
and socio-economic aspects. Energy Policy 39(10):5703-5716

Walter A, Galdos MV, Scarpare FV et al (2014) Brazilian sugarcane
ethanol: developments so far and challenges for the future. Wires
Energy Environ 3:70-92

Wang L, Quiceno R, Price C, Malpas R, Woods J (2014) Economic and
GHG emissions analyses for sugarcane ethanol in Brazil: looking
forward. Renew Sust Energy Rev 40:571-582

Winn M, Pinkse J, Illge L (2012) Case studies on trade-offs in corpo-
rate sustainability. Corp Soc Resp Environ Manag 19(2):63-68

Yang CL, Lin SP, Chan YH, Sheu C (2010) Mediated effect of envi-
ronmental management on manufacturing competitiveness: an
empirical study. Int J Prod Econ 123:210-220

Yin RK (2018) Case study research and applications: design and meth-
ods. Sage, Thousand Oaks

Zeidan R, Boechat C, Fleury A (2015) Developing a sustainability
credit score system. J Bus Ethics 127(2):283-296

Zuurbier P, van de Vooren J (2008) Sugarcane ethanol: Contributions
to climate change mitigation and the environment. Wageningen
Academic Publishers, Wageningen

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Hugo Carlos Dornfeld' - Adrislaine da Silva Mansano? - Richardson Coimbra Borges? - Marcelo Silva Oliveira® - Luiz

Fernando Oriani e Paulillo’

P< Hugo Carlos Dornfeld
hugo_dornfeld @yahoo.com

Adrislaine da Silva Mansano
laine_mansano@yahoo.com.br

Richardson Coimbra Borges
richardson.borges @yahoo.com.br

Marcelo Silva Oliveira
marcelo.oliveira@ufla.br

Luiz Fernando Oriani e Paulillo
difp@ufscar.br

@ Springer

Department of Production Engineering, Federal University
of Sao Carlos, Rodovia Washington Luis, km 235,
Sao Carlos, SP 13565-905, Brazil

Department of Hydrobiology, Federal University of Sao
Carlos, Rodovia Washington Luis, km 235, Sdo Carlos,
SP 13565-905, Brazil

Federal University of Lavras, Rua Inacio Valentim, Lavras,
MG 37200-000, Brazil



	Impact of environmental strategies and practices on the socioeconomic development of the Brazilian sugar-energy sector
	Abstract
	Graphic abstract

	Introduction
	Theoretical background and hypothesis development
	Characterization of the sugar-energy sector
	Sustainability and environmental management

	Methodological approach
	Results and discussion
	External and internal pressures in the sugar-energy sector
	Operational performance improvements
	Environmental strategies and competitiveness

	Conclusions
	Acknowledgements 
	References




