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Abstract: Our work is one of the rare studies that sought to verify the relationship between green
supply chain management practices and environmental performance in companies in an emerging
Latin American market. We surveyed in the specialized literature on environmental management
and green supply chain management (GSCM) for practices were most cited and can influence this
relationship. From this review, an e-survey was constructed and answered by 79 environmental
or supply chain/logistics managers from the surveyed sample. The results indicate that there is
a positive and significant relationship between the adoption of green supply chain management
practices and the environmental performance of the companies. We found that GSCM practices:
environmental management with total quality (GSCM4), cooperation with suppliers to achieve
environmental management objectives (GSCM?7), and cross-functional cooperation for environmental
improvements (GSCM3), in this order. These are the main GSCM practices that influence the
environmental performance in the surveyed companies. Thus, our study adds relevant information
to the specialized literature and for the decision-making of managers, professionals, and government
working in this area of study.

Keywords: environmental sustainability; environmental management; sustainable supply chain;
emergent market

1. Introduction

The growing environmental awareness poses ever greater challenges to organizations
pushing for a balance between economic, environmental, and social performance to achieve
sustainable development [1,2]. Governments, communities, and companies consider the
degradation of the environment one of the most critical concerns of the contemporary
world [3]. The climate crisis has become so severe that its global awareness has become a
major incentive for companies to embark on a new carbon-neutral trajectory, forcing them
to rethink their supply chain management and environmental performance [4].

In this context and considering that manufacturing industries contribute significantly
to this serious global challenge [5], achieving quality economic growth while protecting the
environment has become essential [6]; thus, the debate on environmental impacts and the
role of organizations, governments, and consumers has grown broadly, provoking more
and more the deepening of the discussion [4,7-9]. Among the various themes that emerged
during these debates, the topic of “greening” of production chains [10], called green supply
chain management (GSCM), deserves to be highlighted.
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The GSCM considers the environmental influence of business activities in processes that
start with the acquisition of raw materials and go to finished products within an organization [11].
Thus, managers of organizations should seek measures to improve their performance, consid-
ering green dimensions of the supply chain [12]. Several studies have shown that GSCM is a
relevant topic and plays an important role inorganizations [13,14]. For example, Appiah et al. [15]
found that GSCM practices significantly and positively influenced the environmental perfor-
mance of 245 companies in Ghana. Ma et al. [16], in a survey of 468 managers of pesticide
companies in Pakistan, found a strong, positive, and statistically significant relationship between
GSCM practices, institutional pressures, environmental performance, and financial performance
highlighting the influence of GSCM practices on environmental performance. Tariq et al. [17]
concluded in their research of 220 managers of Pakistani companies that GSCM influences envi-
ronmental, economic, and operational performance. Kholaif, Xiao, and Hamdy [18] in a study of
517 managers of SMEs, found a positive link between GSCM and the company’s sustainable
environmental performance.

Thus, GSCM emerges as a philosophy of organizational practices essential for institu-
tions seeking to become environmentally sustainable and have a competitive
advantage [12,19,20], and even though it is a relevant and current issue, the adoption of
GSCM practices occurs differently in each country, and it is necessary for the organization
to understand the scope in which it is inserted and implement different efforts [21,22].
Thus, even with the advances in research, there is a gap in the subject in emerging
markets [15,16,23], being even more eminent in the Latin American scenario [24].

Given this panorama, and that there are few studies available from the Scopus and
Web of Science databases involving the reality of Brazilian organizations and that Brazil
is among the ten most important world economies and represents approximately 30% of
GDP in Latin America [25,26], more research is needed to analyse GSCM practices in this
context [23]. Thus, this work has as main objective to identify empirically if there is a
positive relationship between GSCM practices and environmental performance (EP) in
Brazilian organizations.

Therefore, our problem question is: Are GSCM practices influencing the environmental
performance of companies located in Brazil? It is also expected that some variables may
exert some kind of influence on the proposed relationship, for example, the size of the
company [27,28], the company having ISO certifications [29,30], and the time of foundation
of the company [31].

To achieve our research objective and answer this problem question, this work is
structured as follows: in addition to this section, Section 2 is the theoretical framework,
development of the hypothesis, and control variables, Section 3 materials and methods,
Section 4 data analysis and results interpretation, Section 5 discussions and conclusions,
and Section 6 implications and future research.

2. Theoretical Frameworks, Development of the Hypothesis, and Control Variables
2.1. Green Supply Chain Management

Organizations are increasingly aware of the environmental impact of their activities,
making topics such as green supply chain management stand out as a viable option to
reduce the environmental impact of operations, improve their operational performance [32],
reduce waste, improve the quality of life of products, and conserve natural resources in
order to offer better service to customers [6]. In this sense, GSCM becomes a powerful
approach for companies to differentiate their business from the competitors [12].

GSCM is considered a combination of green purchasing, green manufacturing, materi-
als management, green distribution, and reverse logistics [6]; therefore, it consists of apply-
ing environmental concerns in the practices of managing a common supply chain [11,32]
and is considered an indispensable approach for organizations that aim to become envi-
ronmentally sustainable [2], increasing their reputation in the market [12]. Dzikriansyah
et al. [9] investigated the role of GSCM practices in the environmental performance of
89 small- and medium-sized enterprises in Indonesia. The results indicate that GSCM
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practices improved the environmental performance of the companies. Fu et al. [33] tested
a theoretical model involving the relationship between GSCM, corporate environmental
performance, and the mediating role of the market environment, regional culture, and type
of industry. The results showed that the GSCM had a positive impact on the environmental
performance of the companies studied. Vanalle et al. [32] analyzed the pressures, practices,
and performance of GSCM observed in suppliers of an automotive supply chain in Brazil.
The research concluded that the economic and environmental performance of the supply
chain studied is undoubtedly linked to the adoption of GSCM practices.

Yildiz Cankaya and Sezen [34] contributed to the theme by delving into the impact
of eight dimensions of GSCM (green purchasing, green manufacturing, green distribu-
tion, green packaging, green marketing, environmental education, internal environmental
management, and investment recovery) on economic, environmental, and social perfor-
mance. The result shows that all dimensions of the GSCM are related to at least one
of the performance dimensions, evidencing the importance of the theme in improving
environmental performance.

Shaikh, Shahbaz, and Odhano [35] carried out studies with the objective of investi-
gating the impact of GSCM on the environment and operational performance. The work
shows that organizations that apply GSCM improve their environmental performance and
that the adoption of ecological practices increases customer satisfaction and attraction.

Bag et al. [36] investigated GSCM under the moderating effects of product complex-
ity and purchasing structure. As a result, they found that GSCM positively influences
environmental, social, and financial performance aspects.

Amjad et al. [10] investigated in their study the dimensions of GSCM in the envi-
ronmental, social, and economic performance of 190 respondents from manufacturing
companies located in Pakistan. The results demonstrate that all dimensions of GSCM
positively affect environmental, social, and economic performance.

Lopes et al. [37], through an exploratory, descriptive, analytical, and quantitative
survey, based on 77 questionnaires answered by organizations in the Brazilian automotive
sector, identified that GSCM practices influence the success rate of environmental perfor-
mance of organizations. The authors also argued that the partnership with suppliers was
the variable that most affected environmental performance.

Among the most referenced works on GSCM practices is the work of Zhu, Sarkis,
and Lai [38] who classify GSCM practices into two types: internal, internal environmental
management, eco-design, and investment recovery; and external, green purchasing and
cooperation with customers. Thus, for this work we adopted as variables of the GSCM
construct the practices proposed by these authors that are presented in Table 1.
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Table 1. GSCM variables research.

Practice Groups Variables Acronym
Senior management’s commitment to GSCM GSCM1
Internal environmental management C ?uppprt olffered by M1dfdle management ltl') GSCM ggg%g
(Internal practice) ross-functional cooperation for environmental improvements
Environmental management with total quality GSCM4
Programas de conformidade e auditoria ambiental GSCM5
Selection of certified suppliers ISO 14001 [39] GSCM6
Cooperagao com fornecedores para atingir objetivos de gestdao ambiental GSCM7

Delivery to suppliers of environmental guidelines for each product

Green purchase to be purchased GSCM8
(External practice) Assessment of the environmental management of second-tier suppliers GSCM9
(suppliers of your suppliers)

Conducting environmental audits within the supplier companies GSCM10
C " ith cust Cooperation with customers for cleaner production GSCM11

ooperation with customers Cooperation with the customer for the development of an environmentally
(External practice) friendly packaging GSCM12
Design of products to reduce the use of materials and energy GSCM13

Eco-design Design of products for reduction, reuse, recycling or recovery of materials
. GSCM14

(Internal practice) and components

Product design to prevent or reduce the use of dangerous and toxic products GSCM15
Return on investment Sale of excess materials/inventory GSCM16
: . Sale of scrap and used materials GSCM17
(Internal Practice) Sale of equipment GSCM18

Source: Adapted from [38] p. 271.

2.2. Environmental Performance

In recent decades, issues such as air pollution [40], climate change [41], and the
increase in solid waste generation [42], have been aggravated due to population growth
and urbanization [43]. Thus, the issues associated with sustainability have increased
considerably, receiving greater attention from academics, professionals in the field, and
governments [44—46].

Allied to these challenges and considering that organizations are considered the
“reproductive vectors” of these challenges [47] and the need to acquire a new environ-
mental posture due to the pressure of stakeholders, for example, the awareness of the
population [4,48] and also the discovery that adherence to environmental issues can bring
benefits related to competitive advantage [19,20,40], organizations are increasingly engag-
ing in environmental management practices.

Pane Haden, Oyler, and Humphreys [49] considers environmental management
(GA) a process of innovation, adoption, and development of environmental strategies
in order to acquire competitive advantage, make the company sustainable, reduce waste
generation, and promote social responsibility. Montabon, Sroufe, and Narasimhan [50]
consider environmental management as “the techniques, policies and procedures that
companies use specifically to monitor and control the impact of their operations on the
natural environment.”

Thus, environmental management arises to join efforts to minimize negative envi-
ronmental impacts caused by organizations, which can lead to superior environmental
performance [51]. It is understood, therefore, that environmental performance is a conse-
quence of environmental management and can be understood as the demonstration of the
level of environmental commitment that companies adopt through environmental manage-
ment measures and attitudes [52], and that the adoption of an environmental management
system can help companies improve their environmental performance [53]. In other words,
environmental performance can be considered the ability of an organization to reduce
emissions, waste, and consumption of hazardous and toxic materials and the frequency of
environmental accidents [9,54], reduce operating costs, improve resource utilization, and
gain access to more market opportunities [40].

Environmental performance has been the focus of several academic studies under
different strands and perspectives, for example, Cho, Cho, and Lee [55] addressed how
managerial characteristics can impact the company’s environmental performance (EP).
Bakhsh Magsi et al. [43] analyzed how organizational culture influences environmental
performance. Ramanathan [56] argued in his study that good environmental performance
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generates competitive advantage and positively impacts the financial performance of the
organization. Hartmann and Vachon [57] proposed a positive relationship between envi-
ronmental management and environmental performance. Russo, Pogutz, and Misani [28]
found in their study that companies with a strong environmental performance benefit
from cost reduction and therefore improve their financial performance and increase the
company’s market value in the short (and medium and long term). Benkraiem et al. [58]
found that better environmental performance and more green innovation positively affect
the financial performance of companies.

It is perceived that analyzing the environmental performance of organizations and
what contributes to their improvement is of vital importance for environmental sustain-
ability. In this sense, aiming to identify in the literature what characterizes a good envi-
ronmental performance, this work sheds light on the literature and identifies the variables
that were most used to measure environmental performance in organizations. Briefly, we
present in Table 2 the main variables identified in the literature review and adopted in
this work.

Table 2. Main variables environnemental performance.

Variables Authors Acronym

We reduce the consumptlon of nfitural resources in [59-65] EP1
production operations

We reduce the Consu.mptlon of.raw materials in [59-67] EP2
production operations.

We reduce energy consu‘mptlon in [59-65,68] EP3
productlon operations

We reduce thej Genfera.tlon of [61,62,64,68-71] EP4
atmospheric emissions

We reduce the generation and/or emission of [65] EP5

effluents and waste
We re'duce the frequfsncy of [65] EP6
environmental accidents
We reduce the consumption of

oxide/hazardous/harmful materials [64,65] EP7

We carry out an inventory of gas emissions [66] EP8

We recycle solid waste [59,60,62,63,68,70-73] EP9

We reduce the amount of solid waste [59,62,63,69,71-73] EP10

Improved the company’s environmental reputation
with stakeholders [60-63,65-68] EP11
Improved the company’s compliance with [65-67] EP12

environmental legislation

Source: Elaborated by the authors.

2.3. Theory, Hypothesis, and Control Variables of the Research

For the construction of our research hypothesis, we based it on the literature review
carried out and on the Theory of Ecological Modernization. We understand that the lens of
TEM can contribute to improving sustainable development and support advanced environ-
mental management practices through industrial innovations based on the most efficient
use of resources and advanced GSCM practices. In addition, TEM has been used in the
construction and development of conceptual and analytical models and in the analysis
of empirical data for the advancement of GSCM research and to enhance the develop-
ment of the circular economy [74]. For example, Huang et al. [75] conducted a survey of
300 Taiwanese electrical and electronics companies, seeking to integrate GSCM, sustainable
supply chain management (SSCM), sustainable green supply chain management (SGSCM),
and ecological modernization (EM) theory. The results demonstrate that awareness and
pressure to engage in MS significantly affected the SGSCM and that the SGSCM significantly
influenced sustainability performance.
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Thus, taking into account that the specialized literature (see Sections 2.1 and 2.2) sup-
ports that GSCM practices can influence the environmental performance of organizations,
we seek evidence in an emerging market, where little research has been conducted and it is
important for sustainable development to know how organizations in these countries are
achieving their economic goals [76], and whether GSCM practices are influencing the envi-
ronmental performance of companies located in Brazil. Therefore, our research hypothesis
is that:

H1: GSCM practices positively influence the environmental performance of organizations located
in Brazil.

In addition, we hope to point out the most relevant GSCM practices that influence
EP and identify whether the size of the company [27,28,77], the company having ISO
certifications [29,30], and the time of foundation of the company [31] can influence this
relationship. The control variables in Figure 1 demonstrate our framework.

1509001
15014001

GSCM

FIRMAGE NUM_EMP

Figure 1. Research conceptual model.

3. Materials and Methods

This research had as a main objective to identify, empirically, if there is a positive
relationship between green supply chain management (GSCM) practices and environmental
performance (EP) in Brazilian organizations. Therefore, the conceptual model framework
(Figure 1) was proposed, opting for an exploratory and quantitative research approach.

3.1. Research Method

For this research, we adopted the survey research method that consists of a survey
of data with people in organizations where the phenomenon that one wishes to study has
been occurring. The survey method has been gaining more and more importance at the
international level [78] and is adequate for the objectives of our research.

3.2. Data Collection Instrument

For the construction of the data collection instrument of this research, we relied on
the literature review and were inspired by studies that discussed/validated its variables
(see Section 2); in addition, the questionnaire applied followed the steps proposed by
Synodinos [78] and had four distinct and complementary parts: (a) invitation with the
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description of the research, its objectives, guarantee of anonymity and importance of the
company’s participation; (b) industrial sector of the company, number of employees of
the unit, time of existence of the company and if it had a management system certified
in ISO 14001 [39] and ISO 9001 [79] (with answers like: yes or no—control variables);
(c) and eighteen assertions that portrayed the GSCM (Table 1) construct and (d) twelve
assertions with items related to EP (Table 2). The assertions of GSCM and EP were pre-
sented on a five-point Likert scale to measure the degree of agreement or disagreement of
people regarding the statements [80], respectively, we had for GSCM “1 not implemented”,
2 starting to implement”, “3 partially implemented”, “4 considerably implemented”, and
“5 completely implemented” and for EP “1 to strongly disagree”, “2 disagree”, “3 neither
agree nor disagree”, “4 agree”, and “5 strongly agree”.

Finally, the questionnaire was sent for content validation to five researchers in the area
and some correct answers were provided. Then, a pre-test was performed interactively
with five companies from the study group’s database (they did not participate in the final
sample), providing a continuous improvement of the questionnaire [78].

3.3. Sample Composition and Respondents

Our sample is random and included companies located in Brazil from various seg-
ments, with and without ISO 14001 and ISO 9001 certification, of different sizes and years
of existence, because as already discussed in the conceptual foundation, such variables can
interfere in the results of the research. Thus, we used to compose the universe of companies
that participated in the sample, a particular database of one of the authors of this article
from previous research.

As we sought information from a specific group of professionals, the survey question-
naire was sent to environmental or supply chain/logistics managers of 963 companies.

3.4. Data Collection

We sent the survey questionnaire during the months of November 2019 to
March 2020, and the email was sent twice a month (excluding the companies/managers
who had already responded). To ensure a higher response rate, we made phone calls and
in total received 79 fully answered questionnaires (8.2% return). Before finishing the field
research, we verified the adequacy of the sample through the software G*Power 3.1 [81]
following the recommendations of Cohen [82] and Hair et al. [80] which proved to be
adequate. Moreover, according to simulated studies by Henseler et al. [83], the method
of estimating the parameters via partial least squares, which is the case of this study, can
be used to estimate complex models or when the number of observations is less than the
number of variables (manifest or latent) or the number of parameters of the model; there-
fore, this method can be applied in many cases of small samples when the other methods
fail. For Willaby et al. [84], the partial least squares method can achieve a desirable level
of statistical power with much less data compared with estimation methods that assume
distributive assumptions.

3.5. Data Analysis

Data were analyzed using structural equation modeling, a second-generation multi-
variate statistical approach that allows the analysis of more complex conceptual models;
and this type of modeling as an alternative to traditional methods is justified by pro-
viding the researcher with the ability to accommodate multiple interrelated dependency
relationships in a single model [85,86].

The model of structural equations is a generalized modeling technique, whose objec-
tive was to test and validate the theoretical model, which defines causal and hypothetical
relationships between the questions studied. Such relationships were measured by the
parameters of the model that represent the size of the effect of the independent attributes
on the dependent attributes [87].
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To estimate the parameters of the structural equation model, the partial least squares
method (PLS-SEM) was used, in which the explained variance of the constructs is maxi-
mized by estimating relationships of partial models in an interactive sequence of ordinary
least squares [88]. According to Ravand and Baghaei [89], this estimation method is advan-
tageous in cases where data are not normally distributed and have small sample sizes.

Raikov and Marcoulides [90]; Maroco [87]; Kline [91] and Rodrigues, Alves, and
Silva [92] defined the structural equations model as two sub models; a measurement sub
model, often used to examine patterns of interrelationships between various constructs,
in which each construct included in the model is usually measured by a set of observed
indicators (Questions); a structural regression model, similar to confirmatory factor analysis
models, except that they also postulate particular relationships between the constructs
(regressions), rather than considering them merely interconnected.

Because it is a reflective measurement model (the questions are caused by the respec-
tive construct), internal consistency and validity were evaluated [93] from the following
specific measures (see Table 1): composite/rho_A reliability (to assess internal consistency),
convergent validity, and discriminant validity (to calculate model validity) [94]. To calculate
the convergent validity, the individual reliability indicator and the extracted mean variance
were used (AVE). Furthermore, the criteria for Fornell-Larcker criterion of correlation rates
heterotrait-monotrait ratio (HTMT) and cross-loads was used to evaluate the discriminant
validity [93].

Subsequently, the measures of quality of fit of the structural regression model were
evaluated as follows: evaluation of Pearson’s determination coefficients (R?), adjusted R?,
effect size (f?), predictive validity (Q?), and variation inflation factor (VIF).

Finally, the bootstrapping technique was used to evaluate the significance (p-value)
of the external loads (measurement models), as well as the parameters of the structural
regression model. For this purpose, 5000 subsamples were used and a significance level of
5% was represented by the bootstrapping confidence intervals, as well as by the student’s
t-test and the p-value. The confidence intervals of the external loads or structural model
parameters can be used in a similar way to the t-statistic and the intervals excluding zero
are statistically significant; a benefit of the confidence intervals is that the dichotomous
approach of the significance test is avoided and the authors can consider other methods to
identify practically significant indicator loads when using confidence intervals [95,96]. All
these calculations and their coefficients are presented in the next section. The computational
tasks were performed using SmartPLS 4.0 software.

4. Data Analysis and Results Interpretations

Before the data collected are analyzed, we tested non-response bias and common
method bias that have become standard metrics in reporting the results of the partial least
squares (PLS) analysis [97]. We examined non-response bias to ensure that our sample has
the same characteristics with those who did not take part in the survey by comparing the
respondents who responded early with the late respondents after cut-off date. Our results
did not find any significant differences between early and late responders. In addition, our
results indicate the response rate similar across subgroups and we found missing values as
missing completely at random (MCAR) support the ¢-test result before, which means, our
data are free of non-response bias.

We also assessed the common method bias to avoid measurement errors due to
correlations of items that measure constructs in the same way using the average Full
Collineariy VIF [98]. Our analysis results obtained AFVIF < 3.3, which means the common
method bias cannot interfere with our results.

Finally, before starting to present the results related to the adopted framework, we
performed some initial analyses to demonstrate the profile of the responding companies.
Table 3 presents the main characteristics of these companies, such as: number of employees,
time since foundation, if the company has ISO 14001 and ISO 9001 certifications (it is worth
mentioning that the number of companies can be greater than the number of respondents
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(79) because the same company can have more than one certification), and the sector in
which it operates. In addition, we found that the most representative sectors in our research
were the services sector (health, education, finance, road administration, logistic services,
and passenger transport) metallurgy (manufacturer of parts, components, and equipment in
general) and auto parts with 25.32% of the companies, 20.25% and 18.99% of the companies,
respectively, being the most representative sectors in our research corresponding to a total
of 64.56% of the sample.

In the sequence, Table 4 presents the measures of convergent validity and composite
reliability of the measurement model. As already mentioned, the adjusted measurement
model was defined as reflective, that is the GSCM and EP constructs being the cause of the
observed questions.

Reliability Composite Values/rho_A above 0.70 are considered satisfactory [85]. In
addition, the external loads must be at least 0.60 (so the variables were removed from the
model GSCM 9, GSCM 14, GSCM 16, GSCM 17 e GSCM 18 and EPS, EP9 e EP10), the values
of AVE must be greater than or equal to 0.50, indicating that, on average, the construct
explains at least half of the variation in its indicators [74]. From the results (Table 4 and
Figure 2), it can be seen that the constructs GSCM and EP have convergent validity and
adequate composite reliability in relation to the measurement model.

Table 3. Profile of the respondent companies.

Variables Items Quantity Percentage
ISO 14001 46 58.23
1SO 9001 64 81.01
Number of employees 0-19 4 5.06
20-99 16 20.25
100-499 34 43.04
>500 25 31.65
0-5 2 2.53
Firm age 6-10 3 3.80
11-15 5 6.33
16-20 8 10.13
21-25 7 8.86
>25 54 68.35
Sector Construction 4 5.06
Information Technology 3 3.80
Metallurgical 16 20.25
Electrical .and 4 5.06
Electronics
Retail Trade 2 2.53
Chemical Industry 6 7.59
Auto Parts Industry 15 18.99
Automotive Industry 2 2.53
Services 20 25.32
Vegetable Oil 1 1.27
Food Industry 2 2.53
Agriculture and
Livestock 1 127
Paper and Cellulose 1 1.27
Textile 1 1.27
Sugar and Alcohol 1 1.27
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Table 4. Measures of convergent validity and reliability of the model.
Variables Items External Loads AVE rtho_C rho_A
GSCM1 0.758
GSCM2 0.789
GSCM3 0.810
GSCM4 0.846
GSCM5 0.777
GSCM6 0.719
GSCM GSCM7 0.841 0.545 0.939 0.931
GSCM8 0.680
GSCM10 0.643
GSCM11 0.758
GSCM12 0.605
GSCM13 0.635
GSCM15 0.683
EP1 0.826
EP2 0.779
EP3 0.746
EP4 0.860
EP EP5 0.817 0.631 0.939 0.933
EP6 0.821
EP7 0.758
EP11 0.824
EP12 0.705

Source: Automatically generated in SMART PLS 4.0. Note: factor weighting scheme; max iteration 300; stop
criterion 107.

G3CMO1 1509001

X |

GSCMO02 15014001 1.000

K\ 1.000

GSCM03 EPO1
W\ |

Vo

EF02

AR
1S0 9001
0.810 0.826
GSCMO5 &y \ 549 Erm
» 0846 0.382 07 %
N 1S0O 14001 0.124
GSCMO6 ”-?W\ 0746  Epps
‘5?19\ .

0.860
GSCMOT -0.841 —0.817-» EF05
40680

7
GSCMT/Q_M/?»%G SCM 0.198

0.641

0.758 EP06

0.82;1\

N
0.?05\ ==

EP11
|
¥/ / FIRM SIZE P
1.000 | EP12
J/ FIRM AGE
1.000
GSCM13 NUM_EMP |

¢ FIRM_AGE
GSCM15

Figure 2. Measurement model. Source: automatically generated in SMART PLS 4.0.

Also in the measurement model, the discriminant validity was verified. The criterion
of Fornell-Larcker compares the square root of the CVA values with the correlations of the
latent variables. Specifically, the square root of the CVA of each construct must be greater
than the highest correlation with any other construct (values on the main diagonal must be
greater than the values outside the main diagonal, see Table 5). The logic of this method is
based on the idea that a construct is more aligned with its associated indicators than with
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any other construction [93]. The results (Table 5) show that the model has discriminant
validity within the parameters suggested by the literature.

Table 5. Result of discriminant validity and with the criterion Fornell-Larcker.

Variables EP GSCM
EP 0.794 -
GSCM 0.692 0.738

Source: Data generated automatically in Smart PLS 4.0. Note: Bold to highlight the highest factor loadings on
their own latent variables.

The criterion of heterotrait-monotrait ratio (HTMT) correlation rates was also used to
evaluate the discriminant validity latent variable level (Table 6). The results showed that
all pairs of dimensions were below 0.85, which meets the precepts of Hair Jr. et al. [93].

Table 6. Result of discriminant validity and with the criterion of correlation rates heterotrait—
monotrait ratio (HTMT).

VL EP FIRM AGE FIRM SIZE GSCM ISO 14001
FIRM AGE 0.155
FIRM SIZE 0.350 0.224
GSCM 0.721 0.119 0.228
1SO 14001 0.390 0.096 0.270 0.469
ISO 9001 0.113 0.010 0.045 0.161 0.344

Source: Data automatically generated in Smart PLS 4.0.

Finally, Table 7 presents the criterion of cross-loadings to evaluate the discriminant
validity item level (variables). As noted, the highest factor loadings of the items (variables)
are in their own latent variables.
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Table 7. Discriminant validity factor loadings (cross-loadings).
FIRM FIRM
Items EP AGE SIZE GSCM ISO 14001  ISO 9001
EPO1 0.826 —0.055 0.222 0.467 —0.266 0.093
EP02 0.779 —0.122 0.185 0.435 —0.181 0.036
EP03 0.746 —0.045 0.267 0.443 —0.299 0.184
EP04 0.860 0.122 0.277 0.606 —0.348 —0.011
EP05 0.817 0.207 0.207 0.522 —0.306 —0.054
EP06 0.821 0.101 0.209 0.642 —0.460 —0.198
EP07 0.758 0.084 0.157 0.602 —0.220 —0.028
EP11 0.824 0.148 0.472 0.580 —0.318 0.162
EP12 0.705 0.180 0.413 0.567 —0.280 —0.009
FIRM_AGE 0.099 1.000 0.224 0.084 —0.096 0.010
NUM_EMP 0.348 0.224 1.000 0.218 —-0.270 —0.045
GSCMO1 0.549 0.065 0.101 0.758 —0.274 —0.009
GSCMO02 0.548 0.122 0.132 0.789 —0.306 —0.055
GSCMO03 0.606 0.034 0.030 0.810 —-0.321 —0.042
GSCM04 0.493 —0.043 0.104 0.846 —0.503 —0.209
GSCMO05 0.488 0.013 0.320 0.777 —0.550 —0.230
GSCMO06 0.393 0.159 0.190 0.719 -0.371 —-0.172
GSCMO07 0.564 0.044 0.155 0.841 —0.404 —0.072
GSCMO08 0.524 0.067 0.262 0.680 —0.424 —0.116
GSCM10 0.500 0.159 0.261 0.643 —0.364 —0.176
GSCM11 0.395 —0.054 0.157 0.758 —0.222 —0.185
GSCM12 0.327 0.158 0.061 0.605 —0.183 —0.068
GSCM13 0.542 —0.031 0.065 0.635 —0.182 —0.040
GSCM15 0.545 0.142 0.264 0.683 —0.215 —0.113
1SO14001 —0.382 —0.096 —0.270 —0.453 1.000 0.344
1SO9001 0.023 0.010 —0.045 —0.149 0.344 1.000

Source: Data automatically generated in Smart PLS 4.0. Note: Bold to highlight the highest factor loadings on
your own latent variables.

For the structural model (structural regression), one can see the measures of quality
of fit in Table 8. The values R? e R>_Adjusted indicate how much of the variance of the
constructs (endogenous variables, i.e., response variable in the structural regression model),
which is explained by the structural model are within the reference values. The same is
true of predictive validity (Q* = 0.307), This means that the predictors in the model can
explain the variation in the dependent variable [82,99].

Table 8. Results of the structural model (bootstrapping).

2 2 -
Variables R? A djlt{m ted Effect Size (£2) Q \Zei?i;:;we VIF
EP 0.536 0.509 - 0.307 -

GSCM - - 0.669 - 1.275
FIRM AGE - - 0.000 - 1.056
FIRM SIZE - - 0.072 - 1.142
1SO 14001 - - 0.005 - 1.458
1SO 9001 - - 0.041 - 1.139

Source: Data generated automatically in SMART PLS 3.0. Note: bootstrapping -> sign changes = individual
changes; subsample = 5000; confidence interval method = bias-corrected and accelerated method.

The value of the effect size (fz), used to evaluate how much each construct is useful for
the adjustment of the model, it was 0.669 for GSCM, considered satisfactory [93], indicating
that this construct is useful for adjusting the model [99]. However, the control variables
of our model: firm age, firm size, ISO 14001, and ISO 9001 presented effect size: 0.000,
0.072, 0.005, and 0.041, respectively, considered unsatisfactory [93] and indicating that these
variables are not useful for adjusting the model [99].
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Related to Table 8, the last column shows the inflation factor of the variance (VIF),
that detects multicollinearity (when there is a strong correlation between the predictive
variables; high values have a negative impact on the adjustment of the structural regression
model). Ghozali and Latan [100] found that the VIF must be less than 3.3. This research
showed VIF equal to 1275, which is considered adequate and without collinearity (it was
decided to consider this measure in the summary of the adjustment result, although there
is only one predictor).

Finally, through the bootstrapping procedure with 5000 subsamples generated, the
significance of the parameter (structural coefficients) of the structural regression model
was evaluated by means of the statistics of the student’s “t” hypothesis test and the value
of “p”, with a significance level of 5%. It is noticed that the value found for the statistics
of the student’s t-test was 8.444 (higher than the critical t, for the bilateral test, with 5%
significance; 1.96) and the value “p” was 0.000 (<0.001) [93] (see Table 9 and Figure 3).

Table 9. Result of the hypothesis test for the relationship between the variables (sig. 5%).

Sample

Variables Original Sample Mean STDEV t Statistics ~ p-Value  Decision
GSCM — DA 0.626 0.642 0.074 8.444 0 Accepted
FIRM SIZE — EP —0.008 —0.003 0.078 0.105 0.923 Rejected
FIRM AGE — EP 0.193 0.185 0.111 1.744 0.075 Rejected
1SO 14001 — EP —0.101 —0.084 0.102 0.989 0.524 Rejected
I1SO 9001 — EP 0.406 0.379 0.241 1.688 0.12 Rejected
Source: data generated automatically in Smart PLS 4.0.
GSCMO1 1509001
BSCMOo2 15014001 N’.|:|N
GSCM03 \ NTN EPO1
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o 150 50 i
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Figure 3. Measurement model. Source: automatically generated in SMART PLS 4.0.

Table 10 shows the confidence intervals derived from the nonparametric bootstrap.
The significance of the structural coefficients occurs when the interval does not contain
zero, which corroborates the results of the previous table.
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Table 10. Confidence interval of structural coefficients for 5000 subsamples for the structural model.

Regressions Original Sample (O) Sample Mean (M) 2.5% 97.5%
FIRM AGE — EP —0.008 —0.003 —0.156 0.156
FIRM SIZE — EP 0.193 0.185 —0.040 0.386

GSCM — EP 0.626 0.642 0.491 0.780
ISO 14001 — EP —0.101 —0.084 —0.262 0.131

ISO 9001 — EP 0.406 0.379 —0.107 0.820

Source: data automatically generated in Smart PLS 4.0.

According to the view of the measures of quality of fit of the measurement model and
structural regression (Tables 4-7), and significance test of the parameter of the structural
regression model (Tables 8-10), the proposed model was considered valid and accepted
and it can be concluded that there is a positive and significant effect of green supply chain
management practices on environmental performance.

5. Discussions and Conclusions

The main purpose of this study was determining whether the green supply chain
management practices influence positively the environmental performance by Brazilian
companies and identify which are the GSCM practices that most influence the environmen-
tal performance of these companies and to verify whether the control variables size and
time of existence of the company and the ISO 9001, ISO 14001 certification are significant in
the proposed framework.

As a result, there was a positive and significant relationship between GSCM and the
environmental performance, as well it was suggested that the practices of: (a) environ-
mental management with total quality (GSCM4); (b) cooperation with suppliers to achieve
environmental management objectives (GSCM?7); and (c) cross-functional cooperation for
environmental improvements (GSCM3), in this order, tend to be the most important im-
provement to the organizations environmental performance. However, both the ISO 9001,
ISO14001 certification, firm size, and time of existence of the company in our framework
were not statistically significant.

Thus, the hypothesis that the adoption of GSCM practices is positively influencing the
environmental performance of Brazilian companies was confirmed. These results are sup-
ported by the specialized GSCM literature that finds similar results, e.g., Vanalle et al. [32]
studied 41 companies in the Brazilian automotive sector and among their results found
out that GSCM practices influenced the environmental performance of these organizations.
Saeed et al. [2] conducted 269 interviews with managers in the manufacturing sector in Pak-
istan and found out that GSCM practices have a significant influence on the environmental
performance of organizations.

However, the results did not confirm (at the significance level of 5%) that the size and
time of existence of the company, as well as the company having ISO 9001 and/or ISO
14,001 certification are variables that can affect the proposed model. Similar results were
found, for example, in the company size in Teixeira et al. [101], the authors identified in a
study with 95 companies in Brazil that the variable control company size was not significant
in the relationship between green training and GSCM practices. This is a contrary result to
the research by De Souza Jabbour et al. [29] for ISO 14001 certification which proved to be an
important variable for the maturity of environmental management and for environmental
performance in the companies studied.

Thus, it can be concluded, mainly in Brazil, that size and time of existence of the
company, as well as the company having ISO 9001 and/or ISO 14001 certification are
variables that need more research for a better development of this area of studies.
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6. Implications and Future Research
6.1. Theoretical Implications

This research is important for the literature on GSCM and environmental management,
as it helps fill an important knowledge gap about GSCM practices, and their influence on
environmental performance. Studies of this nature are welcome, as there is a need to know
more about GSCM in Latin/South America [102,103]. We confirm that GSCM practices
significantly influence the environmental performance of companies located in Brazil, it
adds more empirical evidence on the subject in the context of an emerging market that is
very little studied. In addition, we present the most relevant GSCM practices to improve
the environmental performance of companies.

Our results also indicate the importance of the variables ISO 14001, ISO 9001, company
size, and time of existence of the company remain inconclusive regarding their impact on
the environmental performance of organizations, and therefore require further research,
especially in emerging markets like Brazil.

6.2. Practical Implications

Our results have important practical implications for companies and their profession-
als, since they allow the prioritization and investment in practices and strategies that can
really allow a better environmental performance. In addition, through our literature review,
we obtained a knowledge base that can be useful for consultation by supply chain and
environmental managers.

6.3. Limitations and Suggestions for Future Research

This research has some limitations: (a) despite all efforts, the sample size was not as
large; however, it approaches the statistical and methodological requirements and is in
line with similar studies [101,104]; and (b) environmental performance may depend on
other factors, not just GSCM, such as legal and regulatory requirements [105], green human
resources practices [106], or lean manufacturing practices [107].

Thus, future research that explores various case studies, so that it is possible to
understand much better “how” and “why” this relationship occurs would be welcome, as
it can provide new insights on the subject. Further studies can also evaluate more complex
models, with more variables that can influence the environmental performance or their
implications for the financial and operational performance in the Brazilian organizations or
emerging markets.

Finally, as we did not find any statistical significance for the control variables adopted
in our model: size and time of existence of the company and for the ISO 14001, and
ISO 9001 certification variables, we suggest that further research use these control variables
to build a much more robust theoretical basis for the reality of those companies located in
emerging markets like Brazil.
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