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Abstract: This paper examines the impact of competitive capabilities on sustainable manufacturing
practices in Romanian small and medium-sized enterprises from the textile industry. We developed
an econometric model based on previous research conducted by prestigious specialists and validated
on a survey data from 221 Romanian small and medium enterprises from the textile industry.
Our article proposes a number of implications to encourage entrepreneurs and managers from textile
industry to engage in pro-environmental behaviour.
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1. Introduction

Sustainable manufacturing (SM) is a relatively new field that has received attention during the
last two decades. It has evolved rapidly from traditional operational practices to using innovative
processes that consider social, environmental and economic effects [1]. Specifically, SM ensures that
operational processes such as product design, procurement, managerial practices, quality control,
selecting appropriate technology, scheduling, maintenance, production, and packaging have no
negative effects on natural resources and stakeholders throughout the product’s lifetime [2]. SM has
become an important topic that can positively contribute to global GDP and sustainability awareness,
particularly when we recognise that the manufacturing of goods contributes over 20 percent of carbon
dioxide emissions worldwide [3].

Although there is no universally accepted definition for the term “sustainable manufacturing,”
numerous efforts have been made in the recent past, with many more concurrent efforts well
underway. The U.S. Department of Commerce defines sustainable manufacturing as: “the creation of
manufactured products that use processes that minimize negative environmental impacts, conserve
energy and natural resources, are safe for employees, communities, and consumers and are
economically sound” [4].

Further, according to The National Council for Advanced Manufacturing (NACFAM) in the
U.S. [5] sustainable manufacturing includes the manufacturing of “sustainable” products and
the sustainable manufacturing of all products. The former includes manufacturing of renewable
energy, energy efficiency, green building, and other “green” & social equity-related products,
and the latter emphasizes the sustainable manufacturing of all products taking into account the
full sustainability/total life-cycle issues related to the products manufactured.
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Research on SM has historically focused on Environmentally Conscious Manufacturing (ECM) [6],
the formation of the ‘Rs’ strategies (e.g., reduction, remanufacturing, recycling and reuse, etc.) [7],
and identifying good practices of SM [8]. The environmental, economic and social effects of growing
CO2 emissions, waste in water, energy and natural resources, toxic materials and products, and so
on, have enforced a new manufacturing philosophy that respects the direct and indirect impact of
manufacturing activities on our planet as well as valuing the positive operational effects on cost,
quality, adaptability and responsiveness of products and services.

The main themes of SM research tend to develop environmental indicators or to assess the
environmental impact of SM [9,10]. Seuring and Müller [11] argued that sustainability is often
abridged to environmental improvements, which call for an integrated perspective that combines
sustainability issues. Moreover, an absence of relevant theoretical frameworks that lay the foundation
for such SM practices, factors and output is evident. Diverse research contexts including both large
plants and SMEs are also observed. Researchers articulated a need for further SM research within the
context of SMEs that link SME’s adoption of sustainable manufacturing practices (SMP) to performance
benefits [12].

Despite recent SM research, there have been limited studies in SMEs concerning practices and
impact on their competitive capabilities when using SM. Realising the above-mentioned gap, the key
objective of this study is to investigate the impact of technology, organisational and environmental
practice on SMP, as well as reviewing the effects of these practices on the competitive capabilities of
a wide range of Romanian SMEs by using the partial least squares approach to structural equation
modelling (PLS-SEM) model.

The current understanding of SMP assumes that SMEs are a particularly pertinent context to
study for many reasons. First, global industrialisation has given SMEs tremendous opportunities
to adopt regulations concerning their environmental responsibilities and manufacturing standards
that lead to less waste [13]. Second, sustainable development pressures such as increasing energy
prices and pollution rates urge SMEs to adopt manufacturing paradigms that allow them to compete
globally. This is particularly relevant as SMEs are responsible for about 64% of industrial environmental
impact [14]. Third, there is a great deal of ambiguity concerning SMEs’ knowledge of the best ways
for sustainable improvement which is accompanied with a shortage of capital, personnel and other
resources [15]. Fourth, prior research on the key factors and operational outcomes of SM in SMEs
in Romania barely exists. According to Ramayah et al. [16], it is vital to validate the link between
implementing SMP and the corresponding performance benefits. Thus, we may assert that this study
contributes to theory and practice of SM as well as SMEs research.

The research results will endow information for competitive capabilities on sustainable
management applications from the Romanian textile industry. Insights developed from extant
literature, research hypotheses and theoretical models have been organized in Section 2. Section 3
presents the research methodology for obtaining data and explanatory variables data analysis and
results, followed in Section 4 by discussion and findings and Conclusions covered in Section 5.

Regarding the novelty of the paper, we must emphasize that, as far as we know, is the first paper
ever to treat the linkage between competitive capabilities and sustainable manufacturing application
in Romanian SMEs from the textile industry. Accordingly, this study presents detailed insights from
one of the most important Romanian industry in terms of exports.

2. Research Hypotheses and Theoretical Model

2.1. Technology-Organization-Environment Framework Applications for SMP

The TOE framework has been developed by DePietro et al. [17] to reflect three contexts through
which a firm implements innovative practices. In this study we modify the TOE framework in order
to emphasize the competitive capabilities. Therefore, the technological context reflects technical
infrastructure, processes and capabilities that influence the implementation of innovative instruments
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and practices, while the organizational context involves resources and interactions concerned with the
new innovation. The environmental context reflects external aspects such as competition, stakeholder
pressures and the regulatory environment that influence the new innovation.

However, studies that have used the TOE framework in sustainability research are scarce. Current
examples involve the green supply chain [18] and green IT initiatives [19]. Hence, identifying the
key determinants of SMP using the TOE framework is an apt choice due to its generic nature and
applicability across a wide variety of contexts. The framework is also appropriate as the theoretical
foundation for diagnosing sustainable initiatives and practices [20,21].

Advanced technology has a vital impact on sustainable initiatives from different perspectives.
Routroy and Kumar [22] contended that technology applications are key antecedents for
implementing green practices in manufacturing organizations. Technology infrastructure can also
make manufacturing operations such as material movement in the production line, power transmission,
water management and waste control more sustainable through reducing the consumption of energy
and cost of operations as well as increasing the throughput ratio. Chuang and Yang [23] indicated
that green design, green manufacturing processes, and green packaging are a result of advanced
applications and innovation. With regard to technology competence, Ifinedo [24] assumed that when
technology competence concerning specific innovative practices is high, firms are more inclined to
effectively implement these practices. This can also be applied to SMP when technical knowledge and
expertise related to sustainable technologies are high. For example, promoting technical knowledge
and skills concerning pollution, waste prevention, and the value of green technology are essential
factors of firm’s sustainable practices [25]. Technical knowledge competence also contributes in
enhancing the performance of green product innovations in manufacturing firms [26].

As a result, the following hypotheses are established:

H1. Technology infrastructure positively impact SMP.

H2. Technology competence positively impact SMP.

The environmental context includes the size and structure of the industry, the firm’s competitors,
the macroeconomic context, and the regulatory environment [17]. Also, we modify the TOE framework
in order to emphasize firms’ sustainable practices and behaviors.

Environmental regulations have emerged as key factors of sustainable practices in many contexts.
Regulations guide sustainability policies and processes in organisations and offer guidelines that
shape sustainable behaviours and actions. Romania’s environmental regulations have been gradually
underpinned by laws, executive orders and ministerial decrees for the protection and development
of many aspects of the local environment. Government regulations impose direct pressure over
organisations and reflect local and international concerns regarding clean production, resource
utilisation and social responsibilities. In this regard, it is not surprising that sustainability research
initially recognised the significant influence of governmental regulations on sustainable manufacturing.
Roni et al. [27] considered that the legislation and incentives imposed by the local government have
forced Malaysian manufacturers to consider SMP of high priority. Using the analytical hierarchy
process (AHP), Shankar et al. [28] and Mittal and Sangwan [29] analysed common factors of green
manufacturing in Indian and Malaysian organisations. They indicated that current and imminent
legislation are one of the top factors that lead to efficient resource utilization and clean production
in manufacturing organisations. This notion is also supported by Govindan et al. [30] who drew on
a fuzzy multi-criteria approach to revisit the link between compliance with regulations and maintaining
green manufacturing processes. With regard to the sustainable supply chain, Zhu and Geng [31]
contemplated regulations as coercive pressures that have the potential to force the implementation
of supply chain practices in Chinese factories. Researchers have also highlighted the contribution
of environmental pressures that are brought about by the power of customers, media, competitors,
suppliers, investors, and non-governmental organizations, etc., that affect an organisation’s decisions
to implement sustainability initiatives. Schrettle et al. [32] considered environmental pressures as
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exogenous factors that influence organisations’ sustainability practices beside local and international
environmental regulations. Mittal and Sangwan [29] revealed that environmental pressures are
ranked second by experts in terms of their influence on sustainable manufacturing. Customers’
environmental concerns, for example, drive firms to make their products and services green sensitive
since customers usually prefer products that are environmentally friendly [27]. Similarly, pressure
from non-governmental and voluntary organisations supported by public media can play a crucial part
in influencing sustainable practices in organisations [33]. These pressures can also be extended to drive
strategic green initiatives in organisations. Accordingly, the following hypotheses can be delineated:

H3. Environmental pressures positively impact SMP.

H4. Environmental regulations positively impact SMP.

Although we have offered insights into the role of the technological and environmental factors in
influencing SMP, organisational determinants highlighted by top management support and employees’
involvement in sustainability initiatives provide the bond that ensures the effectiveness of SMP.
Using survey data and case studies from wine producing SMEs in South Africa, Hamann et al. [34]
demonstrated that managers’ environmental responsibility is a vital determinant for wineries’
environmental practices. Vinodh et al. [35] identified the mutual relationship as among the
most influential factors that drive the implementation of a lean sustainable manufacturing system.
Their study revealed that top management commitment is the main force that pushes SMP in Indian
automotive companies. Bhardwaj [25] used resource-based theory and value chain analysis to develop
a sustainability strategy model in Indian organisations. His findings suggested that management
support is a key success for executing sustainable strategies in Indian organisations. In summary,
top managers can stimulate their employees, spread a positive attitude and provide financial support
for employing sustainable initiatives [12]. In the same vein, employees’ involvement in rethinking
traditional manufacturing operations and their impact on the environment could enhance sustainable
practices by establishing a culture of shared responsibility, control and goal internalisation concerning
sustainability [36]. Employees’ involvement can also drive sustainable manufacturing when they affect
decisions and champion sustainable efforts at various organisational levels. Thus, the former argument
may lead to the following hypotheses:

H5. Management support positively impact SMP.

H6. Employees’ involvement positively impact SMP.

2.2. Competitive Capabilities and SMP

Competitive capabilities reflect the power of generating superior value for consumers that
outperform competitors. It usually covers dimensions of competitiveness such as quality, cost,
efficiency, responsiveness, adaptability, innovation, productivity, and so on. For the purpose of
our study, we focus only on quality, cost, responsiveness and adaptability as the most acceptable
measures of competitive capabilities in operations research [37]. A firm can enjoy these capabilities by
affording a product or service that meets customer’s expectations, is offered at a low cost, responds to
circumstances and customers’ desires and is delivered fast. In their seminal article, Porter and van der
Linde [38] argued that green practices are highly associated with competitiveness. Green practices
can lead to vast savings in all types of resources, less downtime, better utilisation of by-products,
safer workplace conditions, reductions in operations and product handling costs, higher product
quality, and higher product resale and scrap value [38]. As a result, these enhancements in products
and processes can also increase the adaptability of manufacturing operations and speed up product
and responsiveness to customers [25]. Hence, sustainable manufacturing can yield valuable products
with a high sustainable impact through the efficient use of resources [29]. In total, SMP can minimise
the cost of production and add value to the final product with less environmental and social impact [39].
Besides, SMP can improve production processes leading to quality products that satisfy customers’
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expectations and help grow an enterprise’s market share [40]. Ramayah et al. [16] examined the impact
of SMP in Malaysian SMEs and indicated that practices such as reducing solid waste have a positive
effect on competitive performance. In their study of companies from varied sectors in Turkey, Sezen and
Çankaya [41] inferred that green manufacturing applications positively impact operations performance
through enhancing production efficiency and occupational safety, and minimising production cost.
The effects of SMP are incremental and can boost competitive advantages and profit in the long
term [12]. Based on the above discussion, we can hypothesise that SMP has a positive impact on
competitive capabilities as follows:

H7. SMP have a positive impact on textile product cost.

H8. SMP have a positive impact on textile product quality.

H9. SMP have a positive impact on responsiveness to the market of textile products.

H10. SMP have a positive impact on textile production adaptability to the market.

Figure 1 illustrates the proposed research model and hypotheses based on the former discussion.

Figure 1. Research model. Note: TI—technology infrastructure; TC—technology competence;
EP—environmental pressures; ER—environmental regulations; SMP—sustainable manufacturing
practices; MS—management support; EI—employees’ involvement; OPC—cost; OPQ—quality;
OPR—responsiveness, OPA—adaptability.

3. Research Methodology

The research methodology is conducted in three phases. The cross-sectional survey instrument
was firstly designed and validated based on prior research. Then, the instrument was sent to a stratified
random sample of managers in a wide spectrum of SMEs. Finally, the responses were validated by
relevant statistical tests to ensure their adequacy for further analysis.

3.1. Instrument Development and Validity

The survey entails multiple reflective items that are measured using the Likert scale, ranging
from 1 “strongly disagree” to 5 “strongly agree”. Operationalisation of these items is derived from
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previous literature which lends high validity to the results (see Table 1). Items representing SMP are
adapted from Despeisse et al. [8] and Rusinko [42]. The items reflect the use of energy, water and
materials as well as reducing emissions and the waste of water and solids. Competitive capabilities
are assessed by 14 items that reflect the cost (OPC), quality (OPQ), responsiveness (OPR) and
adaptability (OPA) dimensions. The items are adapted from Conceptia Software Technologies [43].
Environmental regulations (ER) are presented as two items that reflect the level of national and regional
regulations regarding waste, emissions, cleaner production, and so on, while the environmental
pressures (EP) items include pressures from customers, media and competitors. Items of both variables
are adapted from Zhu and Geng [31]. Technology infrastructure (TI) is assessed by three items
adapted from Robert and Varun [44] to manifest using information, communication, networking,
smart devices and manufacturing technology. Items measuring technology competence (TC) are
adapted from Shankar et al. [28]. The items represent technology skills, training and resources.
Management support (MS) is evaluated using two items concerning top managers’ commitment to
reduce waste, save energy and take necessary decisions to foster sustainability. The items are adapted
from [12] and Roni et al. [27]. Employees’ control over their work and responsibility for protecting
the environment are used to delineate the employees’ involvement (EI) variable. The items are
adapted from Yusoff et al. [36]. The second part of the questionnaire is designed to collect demographic
information. Content validity is further assessed following the guidelines of Cooper and Schindler [45].

Table 1. Research constructs.

Competitive Capabilities

CCC1 Overhead cost is low
CCC2 Low prices
CCC3 Low costs of raw materials
CCQ1 High quality of textile products
CCQ2 Low rate of defects on textile products
CCQ3 Appropriate specifications of textile products
CCQ4 Appropriate working conditions and safety in the company
CCQ5 Textile products do not harm the environment
CCR1 Rapid response to our customer needs and behaviour
CCR2 R&D responsiveness to the market
CCF1 Amount of products are quickly altered
CCF2 Rapid introduction of products on the market
CCF3 A broad range of textile products
CCF4 We customize textile products to customer needs

Sustainable Manufacturing Practices

SMP1 Reducing energy use
SMP2 Improving water use
SMP3 Reducing material use
SMP4 Reducing emissions
SMP5 Reducing waste water
SMP6 Reducing solid waste

Environmental Regulations

ER1 Level of national environmental regulations
ER2 Level of local environmental regulations

Environmental Pressures

EP1 Extent of environmental pressures from customers
EP2 Extent of environmental pressures from suppliers
EP3 Extent of environmental pressures from competitors
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Table 1. Cont.

Competitive Capabilities

Technology Infrastructure

TI1 Our firm uses information, communication and networking technology
TI2 Our firm uses smart devices and appliances that can be used to save waste and energy
TI3 Our firm uses new innovations on manufacturing

Technology Competence

TC1 Our employees have the skills to manage new technology and smart devices
TC2 Our employees are trained in using new technology and smart devices
TC3 Our firm recruits staff with advanced technology skills

Management Support

MS1 Top/middle managers are committed to reduce waste and save energy
MS2 Top/middle managers take necessary decisions to foster sustainability in the firm

Employees’ involvement

EI1 Our employees have motivation and control over their work
EI2 Our employees share the responsibility for sustainability
EI3 Our employees are concerned with protecting the environment

3.2. Data Collection

The frame of the SMEs population is originated from datasets of the Romanian National Trade
Register Office. 748 SMEs were selected by means of stratified random sampling to reflect various
sizes of enterprises from textile industry in Romania. In addition, the selected SMEs are screened and
revised based on their accessibility using active contact data (e.g., phone, email, websites, personal
contact data). 427 self-administering questionnaires with cover letters, that assure confidentiality and
aggregation of data, were distributed to owners and top managers in manufacturing and operations
positions using personal contact (phone calls and face-to-face) to ensure an acceptable response rate.
Follow-up phone calls and email rounds were conducted every two weeks to maximise the response
rate, from September to December 2017. Of 273 returned questionnaires, 221 are completed and ready
for further analysis, yielding an acceptable response rate of 51.76% [46,47]. To ensure the adequacy
of the responses, preliminary t-tests were conducted following Lohr’s [48] extrapolation procedures
for non-response bias. The independent sample t-test between late and early returned responses is
found to be insignificant (p = 0.19, 0.24 and 0.13, respectively). Additionally, a truncated version of the
questionnaire is randomly sent again to 98 non-respondent managers via email, to secure a comparative
nonresponse sample. The t-test between the earliest 20 complete responses from non-respondents
and the original respondents’ answers concedes an insignificant difference (p = 0.21, 0.09 and 0.15,
respectively). Accordingly, non-response bias cannot be considered as a critical issue.

3.3. Data Analysis and Results

The partial least squares approach to structural equation modelling (PLS-SEM) using the SmartPLS
3.0 software SmartPLS GmbH, Bönningstedt, Germany) is applied to analyse the research data through
two phases involving assessing the measurement model and testing the structural model [49].

Hair [46] indicated that PLS-SEM was originally designed for prediction purposes so that it is
preferred over covariance based SEM software. PLS-SEM is also less sensitive to sample size so that
multivariate normal sample data is not strictly necessary [50]. Moreover, the results of the kurtosis and
skewness values of the measurement model are between ±1 which indicate no violation of normality
assumptions of the sample data. The quality of the measurement model is also evaluated by various
measures. The standardised outer factor loading for constructed items in Table 2 are considered highly
satisfactory as they exceed the threshold value of 0.70 (p < 0.001), except for two constructs that are
considered adequate as they exceed the acceptable threshold value of 0.60 [46]. Table 3 shows that
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the values of Cronbach’s alpha, composite reliability (CR) and rho_A are greater than 0.707 which
indicates the acceptable internal reliability of all variables [51].

Table 2. Standardized factor loading.

Items EI EP ER MS OPC OPD OPA OPQ SM TC TI VIF

EI1 0.712 1.203
EI2 0.807 1.271
EI3 0.752 1.287
EI1 0.978 1.997
EP2 0.725 2.041
EP3 0.631 2.295
ER1 0.852 1.203
ER2 0.821 1.202
MS1 0.926 1.847
MS2 0.899 1.845

OPC1 0.772 1.213
OPC2 0.753 1.278
OPC3 0.708 1.167
OPD1 0.881 1.472
OPD2 0.878 1.471
OPA1 0.801 1.726
OPA2 0.857 1.963
OPA3 0.736 1.652
OPA4 0.788 1.763
OPQ1 0.811 1.872
OPQ2 0.709 1.525
OPQ3 0.801 1.849
OPQ4 0.779 1.694
OPQ5 0.762 1.77
TC1 0.853 1.759
TC2 0.861 1.803
TC3 0.813 1.628
TI1 0.751 2.075
TI2 0.86 2.04
TI3 0.917 1.831

SM1 0.727 2.023
SM2 0.802 2.511
SM3 0.661 1.698
SM4 0.868 3.187
SM5 0.862 3.711
SM6 0.703 2.096

Table 3. Reliability and validity measures.

Variable Cronbach’s
Alpha Rho_A CR AVE EI EP ER MS OPC OPD OPA OPQ SM TC TI

EI 0.707 0.72 0.803 0.577 0.75
EP 0.728 0.7 0.807 0.587 0.22 0.76
ER 0.761 0.88 0.862 0.765 0.17 0.22 0.82
MS 0.802 0.78 0.908 0.833 0.18 0.08 0.04 0.88

OPC 0.768 0.69 0.788 0.558 0.29 0.35 0.08 0.16 0.73
OPD 0.721 0.71 0.875 0.781 0.4 0.41 0 0.11 0.44 0.84
OPA 0.809 0.81 0.871 0.634 0.35 0.36 0.02 0.22 0.35 0.57 0.78
OPQ 0.832 0.82 0.879 0.6 0.49 0.55 0.06 0.15 0.53 0.69 0.57 0.74
SM 0.863 0.84 0.898 0.599 0.54 0.47 0.03 0.31 0.43 0.59 0.55 0.73 0.75
TC 0.799 0.78 0.88 0.711 0.01 −0.01 0.01 0.08 0.04 0.08 0.03 0.02 0.11 0.81
TI 0.835 0.9 0.881 0.718 −0.07 −0.03 0.03 −0.24 −0.08 −0.03 0.01 −0.05 −0.09 −0.17 0.83

Notes: EI—employees’ involvement; EP—environmental pressures; ER—environmental regulations;
MS—management support; OPC—cost; OPR—responsiveness, OPA—adaptability; OPQ—quality; SM—sustainable
manufacturing; TC—technology competence; TI—technology infrastructure. The square roots of the average
variance extracted (AVE) are shown as underline italic values along the diagonal line.
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In addition, the minimum average variance extracted (AVE) value (0.558) surpasses the required
cut-off value of 0.5 [52], which reveals an adequate convergent validity level. Additionally, we follow
the Fornell and Larcker [53] criterion to assess discriminant validity. The square root of the AVE (italic
diagonal elements), as shown in Table 3, are higher than the interconstruct correlations. Henseler
and Sarstedt [50] devised another measure of discriminant validity using Monte Carlo simulation-
Hetrotrait Monotrait correlations (HTMT) with a threshold value less than 0.90. Table 4 shows that
0.84 is the greatest HTMT correlation ratio which establishes an acceptable discriminant validity level
and reflects a satisfactory quality level of the measurement model.

Table 4. Hetrotrait Monotrait correlations (HTMT) ratio.

EI EP ER MS OPC OPR OPA OPQ SM

EI
EP 0.34
ER 0.21 0.43
MS 0.2 0.12 0.09

OPC 0.52 0.52 0.18 0.25
OPR 0.61 0.56 0.04 0.13 0.67
OPA 0.48 0.45 0.06 0.27 0.48 0.75
OPQ 0.67 0.7 0.09 0.21 0.74 0.84 0.69
SM 0.73 0.57 0.04 0.34 0.62 0.77 0.62 0.86
TC 0.07 0.08 0.05 0.13 0.11 0.11 0.11 0.09 0.11
TI 0.05 0.1 0.09 0.28 0.13 0.02 0.04 0.11 0.09

3.4. Testing the Structural Model

Henseler and Sarstedt [54] consider the standardised path coefficients and R2 values of
endogenous latent variables determine the quality of the structural model and its predictive
competence. The bootstrap method with 999 subsamples using the SmartPLS 3.0 software is applied to
test the direction, strength and significance of the hypothesised path coefficients. SEM-PLS indices
for model fit include Standardized Root Mean Square Residual SRMR = 0.0738 (<0.08), dULS = 0.829
(<0.95), dG = 0.846 (<0.95), Chi- Square = 0.966 and NFI = 0.827 demonstrate a significantly reliable
and adequate fit (see Table 5) [50].

Figure 2 indicates that 50 percent of variance, adjuster R2, in sustainable manufacturing is
explained by three factor (t = 6.737, p < 0.001). Hypotheses H1 and H2 predicted that technology
determinants positively impact sustainable manufacturing in SMEs.
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Figure 2. Structural model with path coefficients (b) and adjusted R2 values. Note: TI—technology
infrastructure; TC—technology competence; EP—environmental pressures; ER—environmental
regulations; MS—management support; EI—employee involvement; SMP—sustainable manufacturing
practices; OPC—cost; OPQ—quality; OPR—responsiveness, OPA—adaptability.

As Table 6 shows, the impact of technology infrastructure (β = 0.019, t = 0.27, ns) and technology
competence (β = 0.097, t = 1.42, ns) are not significant. Thus, H1 and H2 are not supported. With regard
to environmental determinants, we have found that environmental determinants partially support
sustainable manufacturing in SMEs through the significant effect of environmental pressures (β = 0.389,
t = 6.86, p < 0.001). This provides stronger support to hypothesis H3. Unexpectedly, we found
a negative and insignificant effect of environmental regulations on sustainable manufacturing in SMEs
(β = −0.098, t = 1.38, ns) which denotes no support for hypothesis H4. Organisational determinants
show a strong impact on sustainable manufacturing which explains a great deal of its variance.
Both management support (β = 0.215, t = 2.51, p < 0.01), and employees’ involvement (β = 0.444,
t = 6.83, p < 0.001), positively and significantly influence sustainable manufacturing as assumed,
supporting hypotheses H5 and H6. Hypotheses H7, H8, H9 and H10 capture the effect of SMP on
competitive capabilities. The coefficients of sustainable manufacturing are positive and significant for
cost performance (β = 0.488, t = 6.73, p < 0.001), quality performance (β = 0.754, t = 16.12, p < 0.001),
responsiveness performance (β = 0.631, t = 11.27, p < 0.001) and adaptability performance (β = 0.568,
t = 9.36, p < 0.001).
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Table 5. The fit indices of structural model.

Goodness-of-Fit Statistics Recommended Range Model 1 Model 2 Model 3

0.961 0.958 0.966
Degree of Freedom 97 97 97

(χ2)/f <3.0 1.525 1.532 1.503
RMR close to zero 0.0743 0.0751 0.0738
GFI >0.90 0.914 0.916 0.91
NFI >0.90 0.836 0.898 0.827
RFI >0.90 0.928 0.963 0.919
TLI >0.90 0.972 0.981 0.969
CFI >0.90 0.975 0.978 0.973

RMSEA <0.08 0.044 0.045 0.043
PCLOSE >0.50 0.552 0.561 0.683

Table 6. Path coefficient and t-values of the structural model.

Hypothesis Path β t-Value Result

H1 TI-SM 0.019 0.27 Not supported
H2 TC-SM 0.097 1.42 Not supported
H3 EP-SM 0.389 6.86 ** Supported
H4 ER-SM −0.098 1.38 Not supported
H5 MS-SM 0.215 2.51 * Supported
H6 EI-SM 0.444 6.83 ** Supported
H7 SM-OPC 0.488 6.73 ** Supported
H8 SM-OPQ 0.754 16.12 ** Supported
H9 SM-OPR 0.631 11.27 ** Supported

H10 SM-OPA 0.568 9.36 ** Supported

4. Discussion

This study introduces a model that extends our knowledge regarding the determinants of SMP in
SMEs and their impact on dimensions of competitive capabilities.

An analysis of survey data from 221 respondents yielded important results that provide support
for the influence of the organisational determinants and environmental pressures on SMP. In contrast,
the results show no support for the effect of technology determinants on SMP, while the influence of
environmental factors is partially maintained. With regard to the consequences of SMP, the findings
demonstrate a positively significant impact on competitive capabilities of SMEs. These findings,
while partially supporting our hypotheses, provide intriguing insights, especially when compared
to the results of prior research. First, as for the effect of technology determinants on SMP, our result
did not confirm their significance in influencing SMP. This is inconsistent with previous research [22]
which perceived that technology infrastructure and competencies tend to have no influence on SMP.
A potential explanation is the lack of technical capacity of SMEs, to recognise, evaluate and take
advantage of opportunities associated with sustainability. Second, our result suggests that while
environmental pressures from customers, competitors and media significantly influence SMP in
Romanian SMEs from the textile industry, environmental regulations do not. This result contradicts
prior research that patronises the role of environmental laws and rules in influencing SMP [28].
A plausible interpretation of this finding is the weak enforcement of environmental laws in Romania.
In the same vein, previous research also found environmental regulations hardly play any role
in regulating SMEs, such as Hamann et al.’s [34] study on wine-producing SMEs in South Africa.
With regard to the impact of stakeholder’s environmental pressures on SMP, the finding is in harmony
with other researchers [32] who emphasised the significant impact of customers, suppliers, media and
other stakeholders on implementing SMP. One may argue that many SMEs are subcontractors to large
firms, so they are not under direct stakeholder pressures to adopt SMP. A contrary interpretation
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of this argument contemplates the nature of Romanian SMEs, where their locations are scattered
across different developing regions; they comprise more than 95% of the private sector and contribute
about 60% of the Romanian GDP. These features show that they are actually accountable for a notable
environmental impact that attracts the attention of various stakeholders. Third, the results confirm
prior research concerning the significant impact of organisational determinants on SMP [35]. For SMEs,
employees’ involvement and top management support are vital for the effective implementation of
sustainable programs [55]. In developed countries, SMEs’ employees exercise great power over
sustainable practices as a result of local authorities’ adoption of a dialogue-based rather than
a control-based approach concerning sustainable programs at work, as in the case of adopting
environmental health and safety schemes in Denmark [56]. However, this impact may have an alternate
interpretation. Romanian SMEs are mainly owned and run as sole proprietorships where there is no
legal distinction between the owner and the business. Accordingly, managers are likely to influence
the enterprise’ ethos and the implementation of sustainable practices as a result. Likewise, the limited
number of employees, smaller and flatter organisational hierarchies, and an informal working culture
allow for effective knowledge transfer among all members and upsurge their involvement to make
swift decisions concerning sustainability programs. Though Romanian SMEs lack financial and
technological capabilities, their managers and employees tend to recognise and influence SMP to
a great extent. Fourth, the findings are similarly in line with our hypotheses on the influence of SMP on
competitive capabilities. The findings confirm past research on the impact of sustainable practices on
cost, quality, adaptability and responsiveness [37]. Though there are various constraints facing SMEs
in countries like Romania, SMP tends to be valuable in promoting competitive performance, which in
turn, can reduce the effect of these constraints over the long term. This is in line with Hart [57] that
strongly bonds environmental initiatives in product design, production processes, packaging, quality
control, responsiveness, sourcing, and so on, to competitive advantages, which can be facilitated by
the flexible nature and structure of SMEs [58].

5. Conclusions

Understanding the factors and outcomes of sustainable practices is an essential quest at the heart of
sustainability research. In contrast to previous studies, this paper is an early attempt to examine SMP in
the Romanian context [59]. The study also contributes to the existing body of sustainable manufacturing
literature by expanding our knowledge about key factors of SMP in SMEs and introducing the TOE
framework to delineate the tenets of these factors. Another significance of this study is linking SMP to
competitive capabilities. This link has been barely established in previous sustainable manufacturing
research. We proposed a research model that posits the impact of six factors (technology infrastructure,
technology competence, environmental pressures, environmental regulations, management support
and employees’ involvement) on SMP, and the impact of these practices on four competitive capabilities
(cost, quality, responsiveness and adaptability). The model is empirically validated by means
of the PLS-SEM method using data from 221 owners and managers from Romanian SMEs from
textile industry. This study demonstrates that environmental pressures, management support and
employees’ involvement predicts SMP in Romanian SMEs from the textile industry. In contrast
to existing literature, this study establishes that technology infrastructure, technology competence,
and environmental regulations do not significantly influence SMP [60,61]. Interestingly, the relationship
between SMP and competitive capabilities of Romanian SMEs from the textile industry is positively
significant, which supports the contribution of SMP to enhance firms’ competitive performance.
From a managerial perspective, the present research offers policy makers and managers a frame
of reference to boost SMP in the context of SMEs, not only to patronise managers’ and employees’
environmental responsibility towards various pressures from customers, suppliers and public media
but also to encourage their engagement in developing sustainable programs. Therefore, increasing
managers’ awareness, knowledge and specialised training concerning sustainability issues in SMEs
will be of great importance for the textile industry [62,63]. Furthermore, Romanian environmental
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authorities need to establish an institutional framework and organizational capacity that reflect SMEs’
variations and feedback to enforce the implementation of environmental regulations, so that, accessing,
monitoring and reporting actual environmental data by the managers of SMEs will no longer be
a difficult process that is scattered among numerous authorities. Great prospects are also expected
from sustainable manufacturing technology when the government considers SMEs capacity building
by matching technology investments with actual sustainability needs whilst monitoring the textile
SMEs role in creating sustainable value at a strategic level.

Although this study provides new insights into SMP in SMEs from the textile industry, the work
still has inherent limitations related to data collection and generalization. First, it is suggested that
future research on SMP should use a larger sample to better validate the current study in different
settings, which further contributes to sustainable manufacturing in organizations. Second, snapshot
survey research does not reflect a deep understanding of the context, as in the case of Romanian SMEs
from the textile industry, when compared to theory building methods. Therefore, future research
should follow a constructive research perspective where reality is created by actors when trying to
discover and understand sustainable manufacturing issues (e.g., the role of organizational culture)
in similar contexts. Third, it is worth revealing that the impact of environmental regulations and
technology factors on SMP necessitate more exploration, and/or comparison between SMEs and large
enterprises (i.e., lohn industry) to confirm or refute their effect. Fourth, with regard to the consequences
of SMP, the study does not reflect the single impact of each SMP on competitive capabilities. Thus,
further research may bring more insights into the relative importance of each practice. Fifth, although
the PLS algorithm considers model complexity, discrepancies and uncertainties in the modelling
process concerning structural parameters or measurement errors may allow for the application of other
approaches that take these uncertainties into consideration [64,65] and compare the results to those
mentioned in our study. Finally, upcoming research may use actual performance outcomes rather than
self-reported or perceptual data when examining post-implementation practices to gain a true and
substantial understanding of the impact of SMP.
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