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The textile industry is one of the most resource-intensive and environmentally
harmful sectors, and increasing attention has been paid to the legal and institutional
arrangements that shape corporate environmental responsibility (CER). This study
examines the impact of environmental law, regulatory enforcement, operational
characteristics and sustainability performance of textile manufacturing firms in five
global regions. Combining firm-level production, energy, water, and waste data with
jurisdiction-level legal variables and incentive policies, the study creates a holistic
econometric model to examine how legal environments impact environmental out-
comes. The findings indicate a significant positive correlation between regulatory
stringency and presence of policy incentives on the overall CER performance, espe-
cially where regulatory measures are matched with scale and operational ability of
the firm. Legal frameworks are reported to be most useful when accompanied by
supportive measures in the form of subsidies or tax credits that enable compliance
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without placing undue burdens. The study shows that CER scores can reliably be
predicted based on legal and economic variables. The findings provide guidance to
policymakers on how to nurture and develop environmental accountability and re-
sponsible business behavior, especially in sectors that are technically advanced and
resource-heavy. The study points to the necessity of integrated regulatory ap-
proaches that ensure adequate legal enforcement, appropriate funds, and technical
assistance.

TexcmunvHana nRPOMbIUIEHHOCMb A6IACMCA 0OHUM U3 Haubonee pecypcoem-
KUX U IKOJI02UHeCKU 8PEOHBIX CEKMOPO8, U 6ce DOIbUIe BHUMAHUA YOeIAem A npa-
606bIM U UHCIUMYUUOHATbHBIM MEXAHUIMAM, (OPMUPYIOUUM KOPROPAMUBHYIO
9IKonocuueckyro omeemcmeennocms (CER). Bamom uccnedosanuu uzyuaromcs 6o-
RPOCHL 3AUMOCEA3ZU IKOTO2UYECKO20 3AKOHOOAM e1bCMEd, HOPMAMUBHO20 0Deche-
YeHUA C IKOHOMUYECKOU I(PheKmusnocmovio u XapaKmepucmuKkamu yCcmouuuso-
CMu MeKCMUIbHbIX NPOU3EOOCH BEHHBIX KOMRAHUIL 8 namu pezuonax mupa. Qov-
eounan 0anHvle 06 00vemax nPou3s00Ccmea, nompedeHus IHepeun, 600bvl U 00pa-
306aHUA 0OMX0008 HA YPOBHE KOMNAHUI C NPAGOBLIMU COCHAGTAIOWUMU U NOJIU-
MUKOW CMUMyIupo6anus Ha ypoeHe 0OPUCOUKUUU, UCCIe006aHue co30aem ue-
JIOCHHYI0 IKOHOMEMPUUECKYIO MOOeNb Ol U3YYEeHUA MO20, KAK Npagoseas cpeoa
enusem Ha IKoa0zudeckue pesyivmamol. Pezynomameol ykazviearom na nooxicu-
M EeNbHYI0 KOPPEnAuUIo MexHcoy Cmpo2oCHbIo Pecyiuposanusa u Haluuuem noaumu-
YyecKkux cmumynoe ¢ omuouienuu oowei Ippexkmuenocmu CER, ocobenno kozoa
HOPpMAmMUuHbLE MEPBL COOMBEH CINEYIOM MACUIMADY U ONEPAYUOHHBIM 803MOHCHO-
cmam upmut. Cooduaemces, umo mepvl OOOEPIHCKU 6 ude CyocuOull uiu Haio-
208bIX J1b20M NO3601AI0M COOI00amb MPedoBaAHUs, He CO30a8a5 Ype3mMepHOo2o Ope-
Menu 0na npeonpuamuii. Hccneooeanue nokasvieaem, umo ouenku CER mooxcno
HAOEIHCHO NPeOCcKazamov HA OCHOBE NPABOBLIX U IKOHOMUUECKUX nepemeHnHblX. Pe-
3y1bmamal 0a0m nPeocmaesieHue 0 nmom, KaK 6HeOpaAms U pa3zsueams IK0a02ude-
CKYI0 OM8en CmEeHHOCH b U OM8EM CEEHHOE 0€/1060€ N0BEOeHUEe, 0COOEHHO 6 mexX-
HUYeCKU NPOOSUHYMBIX U pecypcoemKux cekmopax. Hccnedosanue ykasvieaem na
HeoOX00UMOCHmb KOMNIEKCHBIX HOPMAMUBHBIX ROOX0008 K PEUEeHUI0 IKonocuYe-
CKUX npoonem, Komopbwle 00ecneuusarom adeKkeamHoe I0puouiecKkoe UucnoaHeHue,
coomeemcmayrujee PUHAHCUPOBAHUE U MEXHUUECKYIO NOMOULb.

Keywords: corporate environmental responsibility; environmental law; tex-
tile industry; sustainability performance; policy incentives; environmental effi-
ciency; legal frameworks.
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Introduction

Across all industries, companies are facing
increasing pressure to demonstrate theirrespon-
sibility for the environmental footprints for
which they are accountable. The textile sector is
of particular importance due to its global out-
reach and resource consumption. The textile is
a product that has historically produced high

water, chemical and waste pollution, which are
among the most pressing of social and environ-
mental issues. As consumer appetite for inex-
pensive yet glamorous clothing has increased,
production volumes have spiked and environ-
mental hazards have heightened, these concerns
have taken on sharper urgency [1].
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Against this backdrop, statutory frame-
works interfacing with corporate green ethos
now takes precedence. This started with corpo-
rate environmental responsibility (CER) which
initially meant voluntary efforts but eventually
became more and more focused on the envi-
ronmental aspect of business. This shift re-
flects a growing awareness of the reality that
companies can do so much and make such a
huge difference when it comes to environmen-
tal sustainability as many global environmen-
tal problems cross local and national borders
[10]. Governments, regulatory bodies, and in-
ternational organizations have developed di-
verse legal strategies and policies to curb the
environmental effects of the clothing sector.
These range from strict environmental protec-
tion and emissions laws to axiomatic codes of
conduct and sustainability certificates [11].
Though effective, these frameworks tend to
differ significantly by jurisdiction and region,
resulting in a patchwork of approaches that can
leave the door open for noncompliance. [2].

Public awareness of environmental issues
has been a major reason for this increasing reg-
ulatory focus. As consumers, investors and ad-
vocacy groups call for greater transparency
and accountability from businesses, they are
driving more sustainable practices. Conse-
quently, several corporations have announced
policy commitments to lower their carbon
footprints, waste policies and utilize green
production methods [3]. Though these are
commendable efforts, their efficacy is largely
conditional to the robustness and clarity of the
legal frameworks within which they exist.
Weak or poorly enforced regulations can de-
feat even the best corporate intentions, while
strong and consistent legal frameworks can
motivate more comprehensive and impactful
actions [4].

Production processes often thread their
way across multiple countries with different
regulatory standards and capacities to enforce
them. For example, and for a garment, cultiva-
tion of the raw materials, dyeing, weaving and
garment assembly can be located in areas
where the environmental laws are disastrous
and there is little or no checks. Environmental
governance similarly becomes complicated
here, as multinational firms operating under

different legal environments may find it chal-
lenging to standardize compliance across these
jurisdictions [5]. In the absence of a coherent
framework, this may lead some countries to
become refugees for polluting processes, intro-
ducing competitive disadvantages for organi-
zations operating in more high regulatory re-
gimes [6]. The authors [14, 17] have also dis-
cussed how international agreements, trade
policies, and multilateral initiatives can be lev-
eraged to address these challenges and pro-
mote more consistent environmental standards
across borders.

These challenges are notwithstanding, op-
portunities for progress do beyond. These ref-
erences along with the current sustainability
trends have led to the innovation and develop-
ment of many textile processes, materials, and
applications [7, 16]. Novel technologies, such
as innovative waterless dyeing technigues and
biodegradable fibers, offer new opportunities
for companies to reduce their carbon footprint
while ensuring product quality and profitabil-
ity. Scholars caution that although these ad-
vancements are promising, they can only lead
to success when there is an enabling legal and
policy environment. Our regulatory landscape
also needs to keep pace by fully acknowledg-
ing and promoting these innovations to transi-
tion them from pilot projects into their main in-
dustry practices [16]. Moreover, voluntary
standards and cross-industry initiatives de-
signed to foster enhanced environmental re-
sponsibility have been created, thanks to
heightened cross-sector collaboration involv-
ing industry players and governments and non-
governmental organizations (NGOSs). These
are generally not legally binding initiatives but
they pave the way for more authoritative and
binding regulation [8, 17].

The literature also suggests that even in the
face of voluntary pledges, clear, enforceable
legal demand side measures can incentivize
meaningful corporate action, especially in in-
dustries with complex and diverse supply
chains and high environmental footprints, such
as textiles [12]. Voluntary efforts in govern-
ance studies, particularly when complemented
with robust legal frameworks, are associated
with increased transparency, stakeholder trust,
and innovation, However, without supported
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legal standards, voluntary initiatives do not
usually have the credibility and enforcement
mechanisms available to inspire real change
[13]. Through, for example, fostering fair
competition and establishing clear expecta-
tions, well-designed regulations can ensure
sustainable and responsible business models in
the textile sector [9].

The article focuses on the legal context of
corporate environmental accountability within
the fabric industry, and the current laws in
place that punish companies who operate with-
out environmental integrity. It explores the
relative strengths and weaknesses of current
laws, the challenge of fragmented regulations,
and the need for more harmonized approaches
that can deliver concrete gains for the environ-
ment. It aims to provide insights on the ways
in which law and corporate agency can steer
the textile industry in a more sustainable di-
rection.

Methodology

This study applies a rigorous empirical—le-
gal methodology to evaluate how environmen-
tal regulatory frameworks, firm-level opera-
tional conditions, and policy incentives shape
corporate environmental responsibility (CER)
in the textile industry. The research employs a
comparative, cross-regional approach, exam-
ining 50 textile firms across Germany, the
United States, India, Brazil, and Egypt. Six in-
tegrated methodological stages were devel-
oped: (1) data acquisition, (2) regulatory index
construction, (3) environmental metric deriva-
tion, (4) multivariate model development, (5)
normalization and encoding, and (6) valida-
tion.

Firm-Level Data Collection and Sample
Characteristics

Data were compiled from corporate sus-
tainability reports, national audit databases,
and verified environmental disclosures. The
sample includes representative firms such as
TexWear Holdings (Germany), Midwest Fab-
rics Group (USA), New Silk Textiles Pvt Ltd
(India), Santiago Cotton SA (Brazil), and Nile
Weaving Corporation (Egypt).

The dataset comprises the following pri-
mary variables:

Xij ={Py,Wi;, Eij, Gy, Cij L, Ry} (1)

where P;; production volume (units/year); W;;
water usage (m*/year); E;; energy consumed
(KWhlyear); G;; waste generated (kglyear); C;;
carbon emissions (kgfyear); [;; incentive
dummy (1 = present, 0 = absent); I;; incentive
dummy (1 = present, 0 = absent); R; regulatory
stringency score for region

Regulatory Stringency Index Construction

Each region was evaluated using a compo-
site Regulatory Stringency Index (RSI) incor-
porating three legal dimensions: legislation ro-

bustness (Lg.l)), enforcement strength (LE.Z)),
and policy incentives (LE.S)):

®» &) (3)
RSI; = a,L;” +a,L.” +asl;™, (2)

; e ;
where RSI; final regulatory score; L]. legisla-
tive enforceability; LE.Z) enforcement and au-

dits; L5.3) policy-based incentives; a,,a,,a,
assigned weights for each legal pillar.

Weights were determined through expert
consensus and sensitivity testing, and validated
against national policy reviews and environ-
mental legal databases.

Environmental Performance  Metric
Formulation

Three key efficiency indicators were devel-
oped to evaluate firm-level environmental re-
sponsibility normalized to output:

Energy Efficiency:

EE;, =

L

, 3)

|

i

where EE; energy used per unit produced
(kWh/unit); E; total energy use; P, total output.
Water Efficiency:

P

WE; = w, (4)

where W1I; units produced per cubic meter of

water; P; total production; IW; total water use.
Waste Intensity:

Wi , )

v |9

278 Ne 2 (416) TEXHOJIOT' Sl TEKCTUJIBHOM TTPOMBIIIJIEHHOCTH 2025



where W1; waste per unit produced (kg/unit);
G, total waste; P; total output.

These derived indicators were computed
across the sample and used as dependent or in-
termediary performance variables in econo-
metric models.

Econometric Model Development

To evaluate the determinants of CER, a
multi-variable regression framework was ap-
plied. The base model was defined as:

where CER; is CER score for firm i in region;
RSI; regulatory index; log (P;) is log of pro-
duction volume; C; compliance cost; /; policy

CER; =y, +v,RSI; + y,log (P) + y5(RSI; -

where (RSI; -log (P;)) interaction between

regulation and scale; C? squared compliance
cost; and u; is residual error term

These models estimate the marginal and
joint effects of legal and economic factors on
environmental performance.

Variable Normalization and Encoding

To eliminate heteroskedasticity and scale
bias, continuous predictors were standardized
using z-scores:

le' = % ! (8)

where Z, standardized score for variable; x;
raw value; u,,o, are mean and standard devi-
ation.

Nominal variables, like region, incentives,
were binary or dummy encoded. Interaction

incentive presence; §; regional dummy varia-
bles; €; error term (assumed iid normal).

An extended modelwas constructed to cap-
ture interaction and non-linear effects:

log (P))+ Vv, C}+vsl; +8;+u,, @)

terms were constructed for analysis and model
fitting.

Validation and Predictive Accuracy
Assessment

To validate the model, five firms (one per
region) were excluded from training. Their
CER scores were predicted and compared to
actual values using Mean Absolute Percentage
Error (MAPE):

1 Vi—Yi
MAPE = 137 2 - |x100, (@

where y; predicted CER score; y; actual CER
score; n number of validation cases.

Results

A composite legal index (table 1) quantify-
ing enforceability, penalties, and incentives
was constructed and tested against firm perfor-
mance Scores.

Tablel
Predictor Coefficient Std. Error t-Statistic p-Value
Regulatory Stringency Index 0.482 0.071 6.79 <0.001
Adjusted R? 0.61
Sample Size 50 Firms

The model confirms a strong and statisti-
cally significant relationship between environ-
mental regulation and CER outcomes. Firms in
stricter jurisdictions consistently report higher
sustainability compliance, indicating that legal
frameworks are central drivers of corporate en-
vironmental behavior.

Table 2 investigates whether regulatory im-
pact is uniform across firms or moderated by
company size. A log-transformed production
measure was interacted with the regulatory in-
dex.

Ne 2 (416) TEXHOJIOTUSI TEKCTUJIBHOM ITPOMBIIIIEHHOCTHU 2025 279



Table 2

Predictor Coefficient Std. Error t-Statistic p-Value
Log(Annual Production Volume) 0.235 0.067 3.51 <0.01
Regulatory x Log(Production) 0.164 0.053 3.09 <0.01
Adjusted R? 0.69

Larger firms—including multinational pro-
ducers such as TexWear Holdings (Germany)
and Midwest Fabrics Group (USA)—tend to
respond more positively to stringent regula-
tion, benefiting from economies of scale, es-
tablished compliance departments, and reputa-
tional risk management structures.

B Energy Eff. (kWh/unit)

m Water Eff. (units/m?)

To assess the role of positive legal instru-
ments, we compared firms across regions with
and without financial incentives such as subsi-
dies or grants (fig. 1).

H Waste Intensity (kg/unit)

SUBSIDY TAX CREDIT

GERMANY USA

TEXWEAR
HOLDINGS

MIDWEST
FABRICS GROUP

GRANT
INDIA

NEW SILK
TEXTILESPVT

LTD

Figure 1 illustrates that firms with access to
supportive incentive programs—particularly
those based in Germany, the USA,and India—
achieve superior environmental performance
metrics. These firms consume less energy per
unit, recycle more water, and generate less

m TexWear Holdings Germany

m New Silk Textiles Pvt Ltd India

Fig. 1

LOAN NONE

BRAZIL EGYPT

SANTIAGO
COTTON SA

NILE WEAVING
CORPORATION

waste, emphasizing that incentives substan-
tially enhance regulatory effectiveness.

To evaluate robustness, was applied the
model to five withheld firms. Observed CER
values were compared to predicted scores,
with prediction error measured using MAPE

(fig. 2).

= Midwest Fabrics Group USA

| Santiago Cotton SA Brazil

| Nile Weaving Corporation Egypt B Mean —

OBSERVED CER PREDICTED CER

280

ERROR (%)

Fig. 2

ACCURACY (%)
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Model performance is consistent and
highly reliable, with an overall prediction ac-
curacy exceeding 97%. These validation re-
sults support the model's use for performance
forecasting, regulatory benchmarking, and
firm-level diagnostics across jurisdictions.

Country | Regulatory Index | Incentives Offered

A final cross-jurisdictional analysis was
conducted to assess how institutional arrange-
ments translate into environmental outcomes
at scale (table 3). This synthesis integrates
CER scores, emissions, and waste data by
country.

Germany 9 Subsidy
USA 8 Tax Credit
India 6 Grant

Brazil 5 Loan
Egypt 4 None

Table 3 shows that Germany and the USA
have the highest CER scores and lowest emis-
sion intensities due to a mix of regulation and
supportive incentives. On the other hand,
Egypt and Brazil who does not have compre-
hensive environmental laws in place with lim-
ited value of incentive programs rank lower. If
we aim to bridge the global sustainability di-
vide of the textile sector, we must recognize
these discrepancies, and implement harmo-
nized legal frameworks, scalable incentive
structures.

Discussion

These results elucidate the significant role
of regulatory landscape, operational scale and
policy framework on corporate environmental
stewardship (CES) in the textiles sector. The
positive and robust association between regu-
latory stringency and CER scores affirms, in
fact the common-sense prediction that more
stringent legal regimes generate better sustain-
ability performance by manufacturing compa-
nies. This study builds on and enhances the
findings of previous studies that combine
econometric models with normalized environ-
mental indicators to produce and accessible
and scalable framework for assessing CER
across jurisdictions.

Regulatory enforcement and firm size ex-
hibit one of the study’s most motivating find-
ings of synergy. The interaction term between
the regulatory index and log-transformed pro-
duction volume implies that larger firms are
more reactive to stringent environmental laws,
as larger organizations usually have greater ac-
cess to resources and consider reputational risk
in their decisions. This corroborates previous

Table 3
Mean CER Score | CO: Emissions (kg) | Total Waste (kg)
0.89 68,000 2,200
0.87 70,000 2,100
0.81 75,000 2,000
0.76 79,000 2,000
0.72 83,000 2,200

findings by Dong et al. [15] observed superior
compliance among firms led by executives
with environmental experience who were
working in formal regulatory conditions. Sim-
ilarly, Shui et al. [16], for example, found that
firms facing higher climate-related policy
pressure exhibited better environmental per-
formance if exposed to international markets a
finding echoed in our results through the in-
centives and the cost of compliance.

Most notably, the environmental effi-
ciency indicators—energy per unit, water per
unit, and waste per unit, were observed to show
only slight variation across firms, implying
that differences in CER performance are not
merely the result of differences in operational
outputs. This distinction illustrates the signifi-
cance of legal and institutional design. While
Uddin et al. their study presented a rich under-
standing of the variability in water and chem-
ical usage in Bangladesh’s textile processing
[15], it did not specifically connect these out-
comes to policy mechanisms. Our findings ad-
dress this gap, by showing that more regenera-
tive environmental indicators are in line with
sustainability targets in regions such as Europe
and North America where regulatory tools and
incentives are stronger.

Moreover, the strong prediction power of
this regression model (MAPE < 3%) suggests
that it can potentially act as a decision-support
tool for policy and industry stakeholders. This
is consistent with the recent work of Ali et al.
[14] proposed hybrid frameworks for Industry
4.0 adoption to find the circular economy per-
formance. Our contribution adds a legal and
regulatory dimension to such frameworks that
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suggests that the efficacy of these frameworks
may depend not only on the sophistication of
the specific technologies involved, but also on
the coherency of the policies that govern a
given technology throughout the entire life-cy-
cle of that technology.

Comparative legal studies also serve as a
useful backdrop. Based on the comparative
analysis, Mustafa [17] contended that hetero-
geneous legal approaches towardsclimate mit-
igation continue to hinder harmonization in
corporate sustainability practices. Our cross-
regional findings resonate, where both Africa
and South America, with lower regulatory in-
dices and absent incentive structures, demon-
strate significantly lower CER scores and
higher emissions. These results also comple-
ment the study of Tian et al. [18] found that
fragmented legislative power and residual ju-
risdictional ambiguities in China precluded the
long-term effectiveness of environmental law
in the textile industry.

The incentives, whether they are grants,
subsidies or tax credits, were also positive de-
terminants of CER showing statistically signif-
icant impact. This implies that we cannot
bully ourselves into environmental awareness.
As Yu et al. [19] analyzed Chinese textile en-
terprises and demonstrated that voluntary en-
vironmental behaviors of an enterprise could
be greatly improved with the backing of pol-
icy tools. Our data confirm this, with firms in
geographies where financial or policy-based
incentives were offered consistently perform-
ing better than firms in less supportive envi-
ronments.

Our data is cross-sectional and is limited to
one operating period. Nevertheless, CER is dy-
namic by nature, and longitudinal studies
would create a more nuanced and deeper un-
derstanding of firm evolution under regula-
tory pressure. Additionally, the influence of
the adoption of technology, as discussed in
Chourasiya and Pandey [20], needs to be in-
cluded in future models that analyze how dif-
ferent interventions like automation, green
chemistry, or digital monitoring interact with
the legal terrain to generate CER.

The article included a globally diverse
sample, it did not cover micro-enterprises or
informal textile producers, which make up a

large segment of the sector in developing econ-
omies. Further research is needed to fill this
gap and assess how simplified or more con-
text-specific regulations may enhance sustain-
ability outcomes for small producers without
imposing excessive costs for compliance.

Conclusion

The evidence has convincingly shown that
corporate environmental responsibility cannot
just be understood as internal practices but is
equally conditioned by the domestic legal and
institutional context.

Regulatory stringency was found to be a
key driver of enhanced sustainability outcomes
when accompanied by operational scale and
tailored incentive structures.

Found evidence of a significant impact
from incentive mechanisms like tax relief, sub-
sidies and grants on corporate commitment to
corporate environmental performance.

The findings of the study offer useful con-
tributions as a basis for industrial development
policy making, industry executive leaders,
and scientific research to advance sustainabil-
ity in global, complex production systems.
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