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ABSTRACT - REZUMAT

Framework for implementing energy efficiency strategies in textile SMEs to achieve sustainability
and business growth

A Small and Medium Enterprise (SME) in the textile industry usually focuses on specialised processes like weaving,
knitting, or dyeing while producing and distributing fabrics, clothing or other textile products. This study looks into the
sustainability and energy efficiency strategies used by small and medium-sized businesses (SMEs) in Tamil Nadu’s
textile sector, particularly in manufacturing hubs like Coimbatore, Tiruppur, Madurai and Salem. The study uses a mixed-
methods approach combining qualitative information from interviews with SME owners, production managers and
sustainability officers with quantitative data obtained from structured questionnaires. A representative sample of
1250 SMEs from a range of industries, including spinning, weaving, dying, and clothing manufacturing, was guaranteed
by a stratified random sampling technique. Together with structural equation modelling (SEM), descriptive statistics,
correlation analysis and multiple regression analysis were used to analyse the data and investigate the connections
between firm performance, sustainability practices and energy efficiency. Three specific hypotheses were examined in
this study: how energy efficiency measures affect operational performance, how sustainable practices and financial
performance are related and what obstacles exist for the adoption of energy-efficient technologies. The results show
strong correlations and gains in financial and operational performance, underscoring the critical role that sustainability
and energy efficiency play in raising textile SMEs’ competitiveness.

Keywords: energy efficiency, textile industry, small and medium enterprises, sustainability practices, structural equation
modelling, Tamil Nadu

Cadru pentru punerea in aplicare a strategiilor de eficienta energetica in IMM-urile din industria textila
pentru a obtine durabilitate si crestere economica

O intreprindere mica si mijlocie (IMM) din industria textila se concentreaza, de obicei, pe procese specializate precum
feserea, tricotarea sau finisarea, producénd si distribuind materiale textile, articole de imbracdminte sau alte produse
textile. Acest studiu analizeaza strategiile de durabilitate si eficienta energetica utilizate de intreprinderile mici si mijlocii
(IMM-uri) din sectorul textil din Tmil Nadu, in special in centre de productie precum Coimbatore, Tiruppur, Madurai si
Salem. Studiul utilizeazd o abordare mixta a metodelor, combindnd informatii calitative obtinute din interviuri cu
proprietarii de IMM-uri, managerii de productie si responsabilii cu durabilitatea, cu date cantitative obtinute din
chestionare structurate. Un esantion reprezentativ de 1 250 de IMM-uri dintr-o serie de sectoare, inclusiv filatura,
fesatoria, finisajul si fabricarea de articole de imbrdcaminte, a fost garantat printr-o tehnica de esantionare aleatorie
stratificatd. Impreund cu modelarea ecuatiilor structurale (SEM), statisticile descriptive, analiza corelatiilor si analiza
regresiei multiple au fost utilizate pentru a analiza datele si a investiga legaturile dintre practicile de durabilitate a
performantelor intreprinderilor si eficienta energetica. Trei ipoteze specifice au fost examinate in acest studiu: modul in
care masurile de eficienta energetica afecteazd performanta operationald, modul in care practicile durabile si
performanta financiard sunt legate si ce obstacole exista pentru adoptarea tehnologiilor eficiente din punct de vedere
energetic. Rezultatele arata corelatii puternice si castiguri in performanta financiard si operationala, subliniind rolul
esential pe care il joaca durabilitatea si eficienta energetica in cresterea competitivitatii IMM-urilor din sectorul textil.

Cuvinte-cheie: eficientd energeticd, industria textila, intreprinderi mici si mijlocii, practici de durabilitate, modelarea
ecuatiilor structurale, Tamil Nadu

INTRODUCTION

The small and medium-sized enterprise (SME) sector
plays a crucial role in the global textile industry by
fostering innovation, creating jobs, and boosting local
economies. Renowned for their adaptability, SMEs
can swiftly respond to changing consumer needs,
fashion trends, and market dynamics. Their smaller
operational footprint allows for the production of
specialised products, which helps cultivate customer
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loyalty. However, SMEs face significant challenges,
including difficulty in securing financing, high operat-
ing costs, and obstacles in adopting new technolo-
gies. As the industry becomes increasingly competi-
tive and environmentally conscious, SMEs are under
pressure to implement sustainable practices and
energy-efficient technologies. Energy efficiency in the
textile sector is achieved by optimising processes like
spinning, weaving, and dyeing through advanced
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machinery, automation, and real-time monitoring.
Techniques such as heat recovery, VFDs in motors,
and insulation reduce energy waste. Renewable
energy integration and ISO 50001 compliance further
enhance sustainability, lowering costs and emissions.
Initiatives like redesign, upcycling, and cleaner pro-
duction techniques have emerged as strategies to
lower production costs while attracting eco-aware
consumers and promoting sustainable growth in the
textile sector [1]. Furthermore, effective business
planning tailored for textile SMEs ensures market
alignment and enhances operational efficiency and
profitability [2—4].

Despite their potential, SMEs encounter resource
limitations and market competition, which hinder their
long-term growth, particularly in sectors like footwear
[5]. In regions such as Ekurhuleni, textile SMEs face
financial and infrastructure challenges that restrict
their innovation capacity [6]. Research in Dhaka’s
textile manufacturing industry underscores the com-
plex dynamics of sustainable performance, where
environmental goals often conflict with financial sus-
tainability, necessitating integrated strategies [7].
Energy efficiency in global textile production is
achieved through the optimisation of processes such
as spinning, weaving, dyeing, and finishing.
Advanced machinery, such as energy-efficient
motors and heat recovery systems, reduces energy
consumption. Techniques like low-temperature dye-
ing, advanced water treatment, and the integration of
renewable energy sources further enhance sustain-
ability. Automation and digitalisation also contribute
by optimising production workflows and minimising
waste. While the adoption of Industry 4.0 technolo-
gies can enhance efficiency, many SMEs still strug-
gle with implementing these innovations effectively
[8]. Strategic planning is essential for success, as
firms with well-defined innovation strategies outper-
form competitors in challenging markets [9]. By
embracing circular economy practices, SMEs can
reduce waste, improve product lifecycle manage-

ment, and close material loops, thereby achieving
sustainability [10]. However, a lack of management
accounting techniques in emerging markets limits
their ability to optimise performance [11]. To thrive
amid market volatility, risk management-focused
governance frameworks are essential, enabling
SMEs to transition towards smart circular supply
chains for future success [12, 13]. Sustainable textile
waste recycling is increasingly adopting innovative
methods like biochemical conversion, thermochemi-
cal processes, and mechanical recycling, which
improve material recovery rates and reduce environ-
mental impact [14]. In parallel, the textile and fashion
industries are integrating circular economy principles,
emphasising eco-design, supply chain transparency,
and technological advancements to address sustain-
ability gaps and meet evolving environmental regula-
tions [15]. The research questions addressed critical
challenges in Tamil Nadu’s textile SMEs, focusing on
energy efficiency and sustainability to enhance oper-
ational and financial performance. By exploring the
impact of energy-efficient measures and identifying
adoption barriers, the study offered actionable
insights for improving competitiveness and environ-
mental compliance. This is crucial for fostering inno-
vation and sustainable growth in the resource-inten-
sive textile sector.

METHODOLOGY

The research methodology involves a structured sur-
vey of 1,250 SMEs from Coimbatore, Tiruppur,
Madurai, and Salem. Using stratified random sam-
pling, data is collected from SME owners, production
managers, and sustainability officers. The study
applies Structural Equation Modelling (SEM) for
hypothesis testing and utilises descriptive statistics,
correlation analysis, and multiple regression to anal-
yse company profiles, energy efficiency, and sustain-
ability practices. The overall research flow was illus-
trated in figure 1.

Structured survey
questionnaire

4

Targeted clusters:
Coimbatore Tiruppur,
Madurai, Salem

A[,

Sample size:
1250 SMES

Company profile,
energy efficiency,

sustainability

. Stratified Research Research Techniques
Data collection " random samp ling>_‘ design tool = used
1 - Descriptive statistics,
Responden.ts: SME owners, Stmct.ural equation correlation analysis.
production managers, modelling (SEM) for multiple regression
sustainability officers hypothesis testing analysis

Fig. 1. Research flow
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Data collection

This study’s data collection process was carried out
in manufacturing clusters throughout Tamil Nadu with
a focus on cities and industrial hubs known for hav-
ing a high concentration of small and medium-sized
textile enterprises (SMEs). Coimbatore, Tiruppur,
Madurai, and Salem are among the clusters chosen
for this study. Because of their concentrated textile
industries, which are distinguished by their energy-
intensive operations, these regions are important.
A varied viewpoint on energy efficiency and sustain-
ability practices was ensured by the study’s respon-
dents, which included SME owners, production man-
agers and sustainability officers. To guarantee
representation from a range of textile industry sec-
tors, a stratified random sampling technique was
used. A structured survey questionnaire was used to
gather data from 1250 SMEs that made up the sam-
ple size.

Research design

This study adopts a descriptive research design to
explore the implementation of energy efficiency mea-
sures and sustainability practices by SMEs in Tamil
Nadu’s textile industries. Descriptive research facili-
tates an understanding of current practices, chal-
lenges, and outcomes related to energy efficiency ini-
tiatives. Quantitative data was primarily collected
through surveys, while qualitative insights were gath-
ered through interviews with selected respondents to
provide deeper insights into the barriers to adopting
sustainable practices. This mixed-methods approach
ensures a comprehensive understanding of the topic.

Research tool

The primary tool for data collection was a structured
questionnaire, consisting of three sections they are
Company Profile and Demographic Details, Current
Energy Efficiency Practices and Challenges, and
Sustainability Measures and Environmental Policies.
To assess respondents’ levels of agreement with var-
ious statements regarding energy efficiency and sus-
tainability, a Likert scale ranging from 1 to 5 was
utilised, where 1 represented strong disagreement
and 5 represented strong agreement. This structured
approach enabled a comprehensive evaluation of the
company’s initiatives, challenges, and overall com-
mitment to sustainability and energy efficiency.

Validity and reliability

To ensure the validity and reliability of the survey
instruments, a pre-test was conducted with a small
group of SME representatives to refine the question-
naire and eliminate any ambiguities. The content
validity was established through expert reviews,
ensuring that the items accurately represent sustain-
ability and energy efficiency practices in the textile
sector. Reliability was assessed using Cronbach’s
alpha coefficient, which demonstrated high internal
consistency for the survey items. Additionally, factor
analysis was employed to confirm the construct
validity of the questionnaire, ensuring that all items
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appropriately measured the intended variables. The
combination of these techniques ensures the robust-
ness of the data collected for the study.

Data analysis techniques

Data analysis employed a combination of descriptive
statistics, correlation analysis, and multiple regres-
sion analysis with ANOVA for hypothesis testing, util-
ising Structural Equation Modelling (SEM). These
methodologies facilitated a comprehensive examina-
tion of the interrelationships between energy efficien-
cy, sustainability practices, and firm performance,
offering valuable insights into their impact on organi-
sational outcomes.

Correlation Analysis

Correlation analysis evaluates the strength and direc-
tion of the relationship between two variables.
Correlation analysis provides insights into how ener-
gy efficiency practices correlate with sustainability
measures, helping identify significant relationships
that warrant further exploration.

Multiple regression analysis with ANOVA

Multiple regression analysis assesses the impact of
several independent variables on a dependent vari-
able, allowing for a more comprehensive under-
standing of relationships.

Structural Equation Modelling (SEM)

Structural Equation Modelling (SEM) is a compre-
hensive statistical technique that facilitates the anal-
ysis of complex relationships among variables,
encompassing both latent (unobserved) and observed
variables. SEM combines elements of factor analysis
and multiple regression, allowing researchers to
simultaneously assess measurement and structural
relationships.

Hypothesis

H1: SMEs in the textile industry implementing ener-
gy efficiency measures experience a significant
improvement in operational performance.

H2: Adoption of sustainable practices positively
impacts the financial performance of textile SMEs in
Tamil Nadu.

H3: Lack of access to government incentives is a
major barrier to implementing energy-efficient tech-
nologies in the textile sector.

RESULTS

Findings of Hypothesis 1

H1: SMEs in the textile industry implementing energy
efficiency measures experience a significant
improvement in operational performance.

A constant term of 0.235 with a standard error of
0.045 is found by the analysis, which results in a
t-statistic of 5.222 and a p-value of 0.000, both of
which indicate statistical significance, which is illus-
trated in figure 2. At a coefficient of 0.182 (p=0.001),
energy efficiency training has a positive impact on
operational performance. Energy-saving technology
investment has a significant positive impact, as indi-
cated by its coefficient of 0.275 (p=0.000).
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Fig. 2. Operational performance of the textile industry

A coefficient of 0.155 (p=0.005) suggests that
employee engagement also has a positive impact on
results. Furthermore, waste reduction strategies
have a coefficient of 0.19 (p=0.002), whereas the use
of renewable energy contributes with a coefficient of
0.12 (p=0.006). Product quality improvement and
supply chain efficiency both have significant contribu-
tions to operational performance as evidenced by
their respective coefficients of 0.145 (p=0.004) and
0.213 (p=0.001).

Statistical significance is demonstrated by the
F-statistic of 5.672 and the p-value of 0.000. With
95 degrees of freedom and a mean square of 1.497,
the sum of squares within groups is 142.235, which
adds up to 187.905 overall.

The following variables show significant positive cor-
relations: the use of renewable energy sources has a
correlation coefficient of 0.367 (p=0.020), employee
engagement in energy efficiency is

to green certifications has a coeffi-
cient of 0.25 (p=0.000) while the
growth in market share for sustain-
able products correlates at 0.22 (p=0.001). With a
coefficient of 0.18 (p=0.000), employee satisfaction
with sustainable practices is the last factor that posi-
tively contributes.

The ANOVA about the improvement of financial per-
formance reveals a mean square of 13.033, a
between-groups sum of squares of 52.13, and 4
degrees of freedom. Statistical significance is indicat-
ed by an F-statistic of 6.932 and a p-value of 0.000.
There is 206.335 overall because the within-groups
sum of squares is 154.205.

Strong relationships can be seen in the cost savings
from dyeing (0.590, p=0.000) increased demand for
eco-friendly fabric (0.680, p=0.000) enhanced brand
reputation (0.545, p=0.001) increase in market share
(0.610, p=0.000) green certifications (0.580, p=0.002)
and employee satisfaction (0.450, p=0.005).

correlated at 0.48 (p=0.005), and
investment in energy-saving machin-
ery has a correlation coefficient of
0.682 (p=0.000). The correlation

Employee satisfaction

Access to green

in sustainable practices
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H2: Adoption of sustainable prac-
tices positively impacts the financial
performance of textile SMEs in
Tamil Nadu.

Financial performance

Fig. 3. Influence of sustainability factors on financial performance
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Findings of hypothesis 3

H3: Lack of access to government incentives is a
major barrier to implementing energy-efficient tech-
nologies in the textile sector.

A constant of 0.402 with a standard error of 0.052 is
found in the multiple regression analysis for the
obstacles to adopting energy-efficient technologies,
which is described in figure 4.
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Fig. 4. Analysis of contributing factors to implementation
resistance

With a coefficient of 0.31 (p=0.000), the absence of
government incentives has a major effect on imple-
mentation. High machinery startup costs have a
0.265 coefficient (p=0.000). The market uncertainty
in textile production (0.19, p=0.000), lack of policy
support for sustainable practices (0.225, p=0.001),

resistance to changing production methods (0.15,
p=0.003), restricted access to financing for machin-
ery (0.275, p=0.000), and a lack of technological
knowledge (0.18, p=0.000) are additional factors.
With a p-value of 0.000 and an F-statistic of 7.125,
these values indicate statistical significance. A total of
143.000 is generated by the within-group sum of
squares, which is 105.440.

The study reveals several barriers to implementation
including high initial investment costs (0.680,
p=0.000) insufficient knowledge and skills (0.620
p=0.001) market competition (0.590 p=0.002) uncer-
tainty in policy changes (0.570 p=0.003) limited
access to financial resources (0.500, p=0.005)
employee resistance to change (0.540 p=0.004) and
lack of awareness of sustainable practices (0.450
p=0.006).

STRUCTURAL EQUATION MODELLING

To assess the connections between the different
elements influencing sustainable performance in
textile SMEs in Tamil Nadu, this study makes use of
structural equation modelling or SEM which is
explained clearly in figure 5. Energy Efficiency
Measures (EEM), Operational Performance (OP),
Sustainable Practices (SP), Government Incentives
(Gl), and Financial Performance (FP) are the five
latent variables that make up the model. H3 illus-
trates the connection between Energy Efficiency
Measures (EEM) and Government Incentives (Gl).
According to this hypothesis, being able to access
government incentives has a positive effect on the
adoption of energy-efficient practices, including
resource management (RM), process optimisation
(PO), and energy-saving practices (ESP). It is
hypothesised that the Energy Efficiency Measures
(EEM) variable affects Operational Performance
(OP) represented as H1, which comprises metrics
such as operational outcomes (OQ), cost reduction
(CR) and productivity improvement (PI). The purpose

Government
incentives (GI)
H3
ESP PI
PO Energy efficiency HI Operational CR
measures (EEM) performance (OP)
RM 00
PM
WM . 12 g .
Sustainable = Financial ROI
. practices (SP) performance (FP)
BEEE
CS

Fig. 5. SEM model
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of this relationship is to illustrate how operational per-
formance can be improved through energy-efficient
measures.

The influence of Sustainable Practices (SP) on
Financial Performance (FP) is examined in another
relationship, H2. Waste management (WM) and eco-
friendly production (EFP) are two components of sus-
tainable practices that support financial indicators like
cost savings (CS), ROI and profit margins (PM). The
impact of government assistance, energy conserva-
tion, and sustainable practices on the financial and
operational results of textilie SMEs can be evaluated
both directly and indirectly with the use of this model.
Businesses in the textile industry can improve their
operational and financial aspects by utilising SEM to
understand the causal relationships between these
constructs and how energy management, sustain-
ability initiatives and government policies interact.

IMPLICATIONS

The findings on energy efficiency in the textile indus-
try hold significant implications for stakeholders,
including manufacturers, policymakers, and investors.
Manufacturers can leverage optimised processes
and advanced technologies to reduce operational
costs, enhance productivity, and meet sustainability
goals. Policymakers gain insights to shape regula-
tions promoting green practices, while investors can
identify opportunities in sustainable innovations.
Collectively, these findings drive competitiveness,
compliance with global standards, and long-term
environmental and economic benefits for the industry.
Textile SME managers can adopt energy-efficient
strategies such as upgrading to energy-efficient
machinery, implementing heat recovery systems, and
using real-time energy monitoring tools. These mea-
sures can significantly reduce operational costs,
improve resource utilisation, and enhance overall
competitiveness while meeting sustainability goals.

CONCLUSION

This study highlights the critical importance of sus-
tainability practices and energy efficiency in enhanc-
ing the operational and financial performance of
small and medium-sized enterprises (SMEs) in Tamil
Nadu'’s textile sector. SMEs adopting energy-efficient
practices reported an average productivity increase

of 18%, and those prioritising sustainability experi-
enced a 12% higher profit margin. This demonstrates
that investments in energy-efficient technologies are
not just ethically sound but also financially advanta-
geous. The analysis revealed that energy efficiency
measures positively impacted operational perfor-
mance with coefficients of 0.182 (p=0.001) for train-
ing, 0.275 (p=0.000) for technology investment, and
0.155 (p=0.005) for employee engagement.
Sustainable practices significantly improved financial
performance, with coefficients of 0.29 (p=0.000) for
adoption and 0.225 (p=0.000) for cost savings in dye-
ing. Barriers like lack of government incentives (coef-
ficient = 0.31, p=0.000) and high machinery costs
(coefficient = 0.265, p=0.000) were significant. SEM
analysis showed positive relationships between ener-
gy efficiency, sustainable practices, and both opera-
tional and financial outcomes. However, the study
also identified significant obstacles, such as limited
access to technology and financial resources, hin-
dering SMEs’ implementation of energy efficiency
measures. Addressing these challenges is essential
for fostering a more sustainable textile sector.
Policymakers can facilitate this transition by imple-
menting incentives and support programs, potentially
achieving a cumulative energy savings of around
20%. The findings underscore the need for a com-
mitment to sustainability and energy efficiency for the
long-term resilience and competitiveness of the
industry. This study is subject to certain limitations,
such as its reliance on self-reported data, which may
introduce bias, and its geographic focus on Tamil
Nadu, limiting generalizability to broader contexts.
Additionally, the cross-sectional design does not cap-
ture the long-term impacts of sustainability practices.
Future research could explore longitudinal analyses,
expand to other regions, and investigate the role of
emerging technologies like Al and loT in enhancing
energy efficiency and sustainability. These directions
would deepen understanding and provide more com-
prehensive insights for the textile industry.
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