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Abstract— This research uses empirical statistical approaches to
guantitatively analyse a structured framework for solvent
recovery, reuse, and recycling (RRR) in the pharmaceutical
industry. A standardised 5-point Likert scale questionnaire
measuring environmental effect, operational efficiency, cost
savings, investment levels, and regulatory compliance was utilized
to gather information from 399 respondents in 20 stratified
pharmaceutical organisations. T-tests, regression, and correlation
analyses were performed using SPSS, which validated each of the
four hypotheses that were put out. The findings showed that
businesses using advanced solvent RRR methods benefited
economically, operationally, and environmentally. These
advantages included lower costs, more efficiency, and less of an
effect on the environment. High reliability (Cronbach's Alpha,
Composite Reliability) and validity (AVE, KMO, Bartlett's test)
assessments corroborated the data's resilience. The research
provides a useful framework for improving operational and
environmental performance in the pharmaceutical business and
emphasises the strategic importance of structured solvent
management in advancing sustainability.
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l. INTRODUCTION

The pharmaceutical and fine chemical sectors' waste
creation from inefficient processing and poor solvent selection
has raised apprehensions regarding ecological and health
safety. Up to 90% of the process by mass may be attributed to
the use of solvents, which are often discarded after just one use.
Laws have been passed to assist the environmental effort
because of unintentional harmful emissions into the
environment and risks to workplace safety [1]. Because of the
potential for contamination, the pharmaceutical sector
generally does not reuse solvents. Rather, the Used solvents
are sold to fuel blending companies, incinerators, and
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businesses with laxer restrictions [2]. The most popular way of
disposing of solvents, incineration, is not seen as "green."
Accordingly, recovery techniques are being explored to
enhance the sustainability and environmental friendliness of
operations in the fine chemical and pharmaceutical sectors. In
order to find economic, environmental, and process efficiency
indicators, many novel greenness analysis techniques were
created in the last ten years [3]. There hasn't been an integrated
approach that takes into consideration aspects related to the
environment, safety, and economy, despite the fact that these
techniques may finally result in sustainability and increase
process efficiency and cost.

The pharmaceutical industry contributes. gigatons of carbon
dioxide (CO2), or 4.4% of world net emissions. The largest
contributors to these emissions are the United States, China,
and the constituent nations of the European Union (EU). The
pharmaceutical industry is seen as an above-average emitter per
capita, accounting for 4.8% of the national net emissions when
considering the local situation. The pharmaceutical sector was
predicted to have created 52 million metric tonnes of CO,
emissions worldwide as of 2015 [4].

Since the 1970s, it has been known that drugs are present in
the environment. One of the main causes of pharmaceutical
contamination is the pharmaceutical industry. The
identification regarding active pharmaceutical ingredients
(APIs) and their by-products in soil, water, including surface
and ground water, and the atmosphere is referred to as
environmental pharmaceutical pollution.  The impact of
pharmaceutical goods is contingent upon their type, toxicity,
half-life, duration of exposure, and environmental
concentrations [5]. The issue of cross contamination is one of
the main reasons solvent recoveries is seldom carried out in
pharmaceutical manufacture. Up until the early 1990s, solvent
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recovery was carried out at the Snéckviken location.

It was carried out at a solvent recovery facility known locally
as "The church.” Five batch distillation columns were used to
recover the main solvents. There could be remnants of other
compounds in the recovered solvents that might contaminate
the API [6]. The solvent recovery was halted because API
production requires rigorous quality compliance.

Il. LITERATURE REVIEW

[7] emphasised the need of sustainable development,
switching to renewable energy, and using environmentally
friendly chemicals in the pharmaceutical industry. Among the
primary elements affecting the healthcare sector's severe
environmental problems are energy used and chemical used.
Adopting green chemistry concepts, putting process
intensification strategies into practice, and switching to
continuous manufacturing platforms are all examples of
process optimisation options.  However, there are still
unanswered questions about supply chain tactics,
biopharmaceuticals, and medication recycling.

[8] purposed, this study introduced a comprehensive
methodology at the systems level, including many approached
that may be used to develop and assess effective solvent
recovery paths. Reclaiming waste solvent for reuse was a very
effective option for enhancing the environmental sustainability
of industrial operations. In light of the growing emphasis on
sustainability to advance a circular economy, it is essential to
use solvent recovery techniques in the chemical sector.
Nevertheless, the methodical development of recovery
procedures was a formidable challenge because of the
intricacies linked to the composition of waste streams,
technological-economic evaluation and ecological evaluation.
Moreover, the difficulties to meet the required product criteria,
especially in the pharmaceutical and specialised chemical
sectors, might further discourage the rehabilitation and reusing
of solvents.

A. Development of Hypothesis

H1: Pharmaceutical companies that implement advanced
solvent recovery and recycling practices experience
significantly lower environmental impact compared to those
that do not.

[9] examined the effectiveness of Romanian chemists in
gathering, getting rid of, and recycling pharmaceutical waste.
Effective waste management was also impacted by behavioural
and institutional constraints, which are identified. Exploratory
factor analysis, cross-tabulation, Pearson's chi-square test, and
qualitative analysis utilising the Delphi approach were among
quantitative and qualitative methodologies employed in the
study. According to the research, technical, financial, and
regulatory factors, as well as organisational and human
attitudes, had a major role in choosing effective waste
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management strategies.  In addition to offering useful
implications for creating sustainable pharmaceutical waste
policy, the study proposed a thorough strategy for removing
obstacles that combines institutional and community-focused
behavioural tactics.

[10] Sustainable materials development was becoming more
and more important to the pharmaceutical business in an effort
to reduce environmental effects over their life cycle. There
aren't many chances to lessen the negative effects that drug used
and disposal had on the environment, however. Because of
environmental concerns and legal obligations, the sector was
under pressure to incorporate sustainable practices. A crucial
component of this change was materials sustainability, which
emphasises sparing the environment and utilising resources
responsibly.  Adopting green chemistry concepts, utilising
biodegradable materials, and creating environmentally friendly
package designs are important tactics. Regulatory complexity
and the need for cooperation between parties are obstacles. A
comprehensive strategy that incorporates supply chain
management and product development is necessary to attain
sustainability, support global climate objectives, and guarantee
long-term profitability.

H2: The adoption of a structured framework for solvent
recovery, reuse, and recycling leads to increased operational
efficiency and cost savings in pharmaceutical industries.

[11] provided a summary of methods that had the potential
to be helpful when choosing solvents for the first phases of
developing a process to synthesise APIs. Features of the
approached are examined, as was their suitability for early
phases. It was acknowledged that the best time to identify
advantages and problems with solvent usage was in the early
phases of development. For the purpose of evaluating and
choosing solvents in pharmaceutical processes, the "system"
idea was presented; nevertheless, it appears not to be
extensively used in the speciality chemicals and pharmaceutical
sectors at this time. System analysis has been regarded as a
crucial instrument for taking a comprehensive approached to
solvent selection.

[12] Pharmaceutical trash comprises leftover drugs, non-
prescription personal care products, as well as intermittently
sharps, test strips, and various provisions. Concerns arise
because it threatens human and environmental health.
Pharmaceutical waste from hospitals, clinics, pharmacies, and
households must be handled carefully due to its risks. Pharma
waste management has several issues. covered waste
categories, regulatory agencies, and waste management
strategies in this study. Heavy metals, endocrine disruptors, and
other substances in certain medications harm animals and the
environment. People who abuse drugs might potentially get
their hands on inadequately regulated trash. To securely handle
and disposed of garbage, you must understand its dangers and
how a disposal method may handle them.
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H3: The level of investment in solvent recovery
technologies is positively correlated with the effectiveness of
solvent reuse and recycling efforts in pharmaceutical industries

[13] A software toolkit has been created to lower operational
expenses and the environmental effect of producing active
pharmaceutical ingredients (APIs). In order to separate binary
waste mixes, fractional distillation and pervaporation were
taken into consideration while evaluating the viability of a
compact, flexible skid that could recover numerous solvent
waste streams. To optimise operational cost savings and
environmental impact reductions, the ideal distillation reflux
ratio and intake stage were identified.  Compared to
conventional heuristics, ideal reflux ratio was much higher,
leading to cost and emissions savings of up to 59% and 43%,
respectively. Increasing profitability depends on the skid's
capacity to recover solvent waste streams with varying volumes
and thermodynamic types. To illustrate the tool's potential in
green engineering decision making, Pfizer provided four case
examples.

[14] presented a Computer Aided Molecular Design
(CAMD) framework that evaluates both the solute extraction
and solvent recovery processes concurrently in the solvent
design. The selection a solvent possesses a crucial function not
solely in determining efficiency regarding procedure, but also
in its implications for safety, well-being, and ecological
consequences. Furthermore, the power needed for the renewal
of solvents is contingent upon both the selected solvent and the
methods used for its recovery. Hence, we have included
physicochemical characteristic objectives, safety, health, and
environmental (SHE) considerations, the necessary utility
expenses for solvent recovery in the design phase.

H4: Companies that follow best practices in solvent
management are more likely to achieve compliance with
environmental regulations and sustainability goals.

[15] examines two ideas that are used to lessen the effects on
the environment and enhance the environmental performance
of industrial operations. In many nations, the Best Available
Techniques (BAT) idea serves as the primary regulatory one,
but the European Union (EU) promotes the Best Environmental
Management Practices notion as a voluntary approach. In order
to attain the highest environmental performance, BEMP is
thought to be the most efficient method of implementing the
Environmental Management System (EMS).  The European
Commission (EC) determines the priority sectors for SRD,
which include public administration, tourism, and
telecommunications in addition to "heavy" industry sectors
governed by BAT-related laws. There are several instances of
BEMP being used by Russian businesses. Several of them
create BEMP as voluntary EMS processes that are pertinent to
the Sustainable Development Goals (SDGs).

[16] examined the environmental management strategies,
goals, and attitudes of the pharmaceutical industry in Lebanon.
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Italso looked at the factors that encourage, hinder, and motivate
the voluntary application of the 1SO 14001 Environmental
Management System. The industries' notable ignorance of the
norm was discovered during a semi structured in-depth
interview. The primary motivations for implementing 1SO
14001 are enhancing the company's reputation and navigating
global commerce. However, obstacles include a lack of legal
enforcement and government assistance. The pharmaceutical
businesses in Lebanon do not see prioritising the adoption of
the 1SO 14001 standard; instead, they place more emphasis on
quality and safety concerns. In emerging nations, the research
highlights the need of regulatory frameworks and enforcement.

B. Research Gap

Significant research gaps still exist despite the fact that
solvent recovery, green chemistry, and sustainability in the
pharmaceutical sector have been the subject of several studies.
A comprehensive paradigm that integrates solvent recovery,
reuse, and recycling with quantifiable gains in operational
efficiency, financial savings, and regulatory compliance is
lacking. Although studies have been conducted on individual
strategies like solvent selection, environmental management
systems, and sustainable materials, little is known about how
these strategies work together to affect sustainability as a
whole. There is also a dearth of empirical data relating real
environmental results to monetary investments in solvent
recovery systems. Although institutional, behavioural, and
regulatory constraints are acknowledged, there is a lack of work
on developing integrated policy or organisational methods to
address them. It is also necessary to investigate the function of
early solvent selection and its long-term effects on recovery
efficiency. The absence of a comprehensive, scalable model
that is suited to various pharmaceutical settings impedes the
industry's advancement towards attaining sustainability and
circular economy objectives.

I1l. METHODOLOGY

A. Research Design

The methodology of the research utilized a quantitative
analysis to investigated A study for analyzing the structure for
solvent reclamation, reutilization and recycling within the
pharmaceutical sector by statistical empirical analysis. To
guarantee statistical analysis was used to methodically gather
and examine data from a representative sample of 399
respondents. A standardized questionnaire with 5-Likert-scale
guestions to evaluate respondents' structured Environmental
impact, Adoption of a structured framework for solvent RRR,
Operational efficiency, Cost savings, Level of investment in
solvent recovery technologies, Effectiveness of solvent reuse
and recycling efforts, Practices in solvent management,
Environmental regulations and sustainability goals was
employed to gather data. The Statistical Package for the Social
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Sciences, commonly referred to as SPSS, was

utilized in study to analyze the data. For T-test, Regression
Analysis and Correlation was utilised to evaluate the proposed
hypotheses and examined the correlations between the primary
variables.

B. Objective

1) To evaluate the strengths and limitations of the current
solvent reclamation, reusing, and recycling practices in
pharmaceutical sectors.

2) To evaluate the economic and ecological consequences
regarding pharmaceutical solvent reclamation and
recycling initiatives.

3) To identify and document the most effective methods and
innovative technologies for solvent management that are
employed by the most prominent pharmaceutical
companies.

4) To suggest a structured framework that pharmaceutical
industries can implement to improve their solvent
recovery, reuse, and recycling initiatives.

5) To validate the proposed framework through expert
feedback and case studies, ensuring its practical
applicability.

C. Sample Selection

The research employed a sample size of 399 respondents,
ensuring a representative dataset for analysis. A purposive A
stratified random sampling method approached could be
employed to choose a pattern of 20 pharmaceutical
organizations based on their size, production ability, and
geographic area. Companies could be selected to ensure a
consultant mix of these presently working towards solvent
restoration and recycling and people no longer yet enforcing
such techniques.

D. Data Collection

This study utilizes a quantitative methodology,
implementing systematic data gathering techniques to
guarantee precision and dependability. The questionnaire
encompasses essential characteristics such credit approval
experience, evaluated through several Likert-scale statements
to thoroughly capture respondent impressions. Conducting
interviews with key stakeholders in pharmaceutical industries,
including environmental managers, manufacturing supervisors,
and nice control experts, to gather insights on current solvent
management practices. Participants were requested to assess
factors like data structured Environmental impact, Adoption of
a structured framework for solvent RRR, Operational
efficiency, Cost savings, Level of investment in solvent
recovery technologies, Effectiveness of solvent reuse and
recycling efforts, Practices in solvent management,
Environmental regulations and sustainability goals. The
questionnaire was disseminated online by email, Google
Forms, and fintech lending platforms to guarantee extensive
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participation and accessibility. secondary data from
government publications, published studies, and institutional
records will be added to the main data. Distributing the
questionnaires to a broader variety of industry professionals to
acquire quantitative statistics on the effectiveness, demanding
situations, and fees related to present day solvent healing and
recycling tactics. Reviewing research of pharmaceutical
agencies which have effectively implemented solvent
restoration and recycling applications to pick out elements
contributing to their fulfilment.

E. Measures

Information has been gathered using a structured
questionnaire. Questionnaire has been prepared using 5 Likert-
scale (Strongly disagree to Strongly agree) where respondents
will be asked to share their opinions regarding various research
questions under study. Questionnaire has a set of both open
ended and closed ended questions. Questions have been
carefully crafted so as to gather meaningful information with
respect to identified research variables. There are five
categories of respondents in the survey and a separate
questionnaire has been designed for each category of
respondents.

IV.RESULTS

A. Demographic Variables

The demographic background of the study’s respondents
indicates a proportional gender representation, with 51.1%
male, 48.9% female participants from a total of 399
respondents. The age cohort of 36-45 years comprised the
predominant segment at 37.3%, followed by 25-35 years at
32.8%, and 46-55 years at 29.8%, reflecting a balanced
representation among mid-career professionals. The majority
had doctorate degrees (34.8%), followed closely by bachelor's
degree holders (34.3%) and master's degree holders (30.8%),
indicating a highly educated group. In terms of professional
duties, 53.9% of respondents identified as production
managers, whilst 46.1% identified as environmental managers,
so providing views from both operational and environmental
compliance viewpoints within the pharmaceutical industry.
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TABLE Il
RELIABILITY AND VALIDITY OF CONSTRUCTS

Demographic Category Frequency Percentage Cronbach -
Variable (%) Construct rg: ach’s | Composite AVE
Male 204 511 _ pha Reliability
Gender Female 195 48.9 Fr:]‘;;rc‘:”me”ta' 0.893 0.834 0.692
Total 399 100.0 Adoption of a
25-35 Years 131 32.8 structured framework 0.920 0.744 0.527
Age 36-45 Years 149 37.3 for solvent RRR
46-55 Years 119 29.8 Op_er_ational 0.851 0.813 0.644
Total 399 100.0 efficiency
Bachelor's 137 34.3 Cost savings 0.800 0.825 0.671
Educational Master's 123 30.8 !_evel of investment
Qualification Doctorate 139 348 in solvent_recovery 0.869 0.764 0.800
technologies
Total - 399 100.0 Effectiveness of
E/:Zg:;;lron 215 53.9 solvent reuse and 0.873 0.832 0.688
DesiGnation’Ro [ Eranmertal Prsoee i sohert
le Managers 184 46.1 management 0.914 0.856 0.755
Total 399 100.0 Environmental
regulations and 0.883 0.826 0.673
B. Factor Analysis sustainability goals
TABLE Il The research confirmed good construct validity and internal
KMO AND BARTLETT'S TEST consistency by assessing the reliability and validity of
Test Statistic Value measuring cpnstructs using Composite Reliabilitly (CR),
Kaiser-Meyer-Olkin Measure of Sampling Adequacy 913 Average Var!ance Extracted (AVE_), and Cronbach's Alpha.
Approx. Chi-Square | 6571019 All Cronbach's Al _pha values were higher abov_e the acceptable
. level of 0.7, ranging from 0.800 for cost savings to 0.92 for
Bartletts Test of Sphericity | df 435 structured solvent recovery, reuse, and recycling (RRR)
Sig. -000 approaches, showing good reliability. All constructs had CR

KMO and Bartlett's tests evaluate the appropriateness for
factor analysis. The KMO value obtained was 0.913, signifying
high sampling adequacy, and the Bartlett's test was highly
significant (P = 0.00), corroborating the factor analysis.
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values more than 0.7, including 0.856 for solvent management
approaches and 0.833 for environmental effect, which
confirmed internal consistency. Additionally, AVE values
above the 0.5 threshold, indicating convergent validity.
Notably, investment in solvent recovery technology had the
greatest AVE (0.800), indicating that the construct explained a
considerable percentage of the variation. These findings
support the measurement model's robustness, providing a solid
framework for additional structural analysis and interpretation
of correlations between variables linked to solvent recovery and
sustainability in the pharmaceutical business.

C. Hypothesis Development

H1: Pharmaceutical companies that implement advanced
solvent recovery and recycling practices experience
significantly lower environmental impact compared to those
that do not.
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TABLE IV
INDEPENDENT SAMPLES T-TEST FOR ENVIRONMENTAL IMPACT (Hl)
. Implement advanced solvent recovery .
Variable and recycling practices N Mean F Sig. t df

e | aHna(;/er:eid(é:)it:d ag;/;?cceesd solvent recovery 241 3.795
Environmenta yrngp : 51742 | 0000 | 5.916 242.74
impact Have not adopted advanced solvent

- : 158 3.2652

recovery and recycling practices.

Table IV presents the group data, which indicate that
companies using advanced solvent recovery and recycling
techniques (N = 241) had a superior mean score for reduced
environmental effect (Mean = 3.795) relative to those without
such practices (N = 158; Mean = 3.2652). The F-value recorded
was 51.742, with a significance level (Sig.) of 0.000, denoting
a statistically significant disparity in environmental effect
among the 2 groups. The independent samples t-test yielded a

t-value of 5.916 with 242.74 degrees of freedom, so confirming
the statistical significance of the difference. The findings
indicate that enterprises using modern solvent recovery and
recycling methods have markedly reduced environmental
effect. Consequently, Hypothesis H1 is fulfilled.

H2: The adoption of a structured framework for solvent
recovery, reuse, and recycling leads to increased operational
efficiency and cost savings in pharmaceutical industries.

TABLE V
REGRESSION ANALYSIS FOR OPERATIONAL EFFICIENCY AND COST SAVINGS (H2)

. . R R Unstandardized . .
Independent Variable Dependent Variable Value | Square F Coefficients t Sig. Hypothesis
Adoption of a structured | Operational efficiency 0.261 | 0.068 29.06 1.094 5.391 | 0.000
framework for solvent . ACCEPTED
RRR Cost savings 0.302 | 0.091 | 39.937 1.126 6.32 | 0.000
Table V illustrates the regression analysis, which indicated a TABLE VI

favourable association between the implementation of the
structured RRR framework and the dependent variables. The R
value for operational efficiency was 0.261, with a R Square of
0.068, denoting about 6.8% of the variance in operational
efficiency is attributable to the implementation of the structured
framework. The F-value of 29.06 and a substantial p-value (Sig.
= 0.000) validate the model's overall relevance. The
unstandardized coefficient (B = 1.094) and a t-value of 5.391
reinforce the robustness of this association. For cost savings,
the R value was 0.302, R Square was 0.091, and the F-value
was 39.937, with a coefficient of 1.126, a t-value of 6.32, all
statistically significant at the 0.000 level. The data demonstrate
that the systematic use of solvent RRR techniques enhances

operational efficiency and reduces costs. Consequently,
Hypothesis H2 is fulfilled.
H3: The level of investment in solvent recovery

technologies is positively correlated with the effectiveness of
solvent reuse and recycling efforts in pharmaceutical industries.
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CORRELATION BETWEEN INVESTMENT IN SOLVENT RECOVERY
TECHNOLOGIES AND EFFECTIVENESS OF REUSE AND RECYCLING (H3)

Correlation

Level of investment
in solvent recovery
technologies

Effectiveness of
solvent reuse and
recycling efforts

Level of investment
in solvent recovery 1
technologies
Effectiveness of
solvent reuse and
recycling efforts

**_Correlation is significant at the 0.01 level (2-tailed).

552" 1

Table VI displays the correlation analysis, which indicated a
Pearson correlation value of 0.552, denoting a moderate to
strong favourable correlation between the two variables. This
represents that an increase in investment in solvent recovery
technology enhances the efficacy of solvent reuse and recycling
initiatives. The relation is statistically significant at the 0.01
level (two-tailed), demonstrating dependability of this
relationship. These data corroborate the premise that increased
investments in solvent recovery technology improve the
efficacy of solvent reuse and recycling efforts. Consequently,
Hypothesis H3 is fulfilled.

H4: Companies that follow best practices in solvent
management are more likely to achieve compliance with
environmental regulations and sustainability goals.

Subba Reddy Arumalla


https://www.gyanvihar.org/researchjournals/eco_mang_jour.php

Avail

TABLE VII

able online at https://www.gyanvihar.org/researchjournals/ctm_journals.php

Suresh Gyan Vihar University International Journal of Economics and Manage-

ment

E-1SSN: 2455-7528

Vol.13 Issue 1 Page No 1-8
November 2024

REGRESSION ANALYSIS FOR ENVIRONMENTAL REGULATIONS AND SUSTAINABILITY GOALS (H4)

R R

Independent Variable Dependent Variable Value | Square

Unstandardized . ]
i Coefficients t Sig. Hypothesis

Environmental
regulations and 0.614 | 0.377
sustainability goals

Practices in solvent
management

239.904 0.56 15.489 | 0.000 ACCEPTED

Table VIl shows the regression analysis, which
demonstrated a robust positive correlation, shown by a R value
of 0.614, denoting a significant link between the independent
and dependent variables. An R Square value of 0.377 indicates
that around 37.7% of the variation in adherence to
environmental rules and sustainability objectives can be
attributed to the use of optimal solvent management methods.
The model showed statistical significance, shown by an F-value
of 239.904, a p-value (Sig.) of 0.000. The unstandardised
coefficient (B = 0.56) and a substantial t-value of 15.489
underscore the robustness and importance of the association.
These results affirm that organisations using optimal solvent
management strategies are much more likely to attain
regulatory compliance and fulfil sustainability objectives.
Consequently, Hypothesis H4 is fulfilled.

V. DISCUSSION

This research investigates the processes of solvent
reclamation, reuse, and recycling (RRR) in the pharmaceutical
business, with a focus on their contribution to environmental
sustainability, operational efficiency, and regulatory
compliance. Using a robust methodological framework, the
research reports a Kaiser-Meyer-Olkin (KMO) value of 0.913
and a substantial Bartlett's Test of Sphericity, indicating that the
dataset is appropriate for factor analysis. The constructs were
very reliable and valid, with Cronbach's Alpha values above 0.8
and AVE values exceeding 0.5, showing good internal
consistency and convergence. All four assumptions were
validated by statistically significant findings. Hypothesis H1
revealed that companies that used sophisticated solvent
recovery methods had a much lower environmental effect, as
shown by an F-value of 51.742 and a t-value of 5.916 (p =
0.000). Hypothesis H2 indicated that a structured RRR
framework is positively associated with increased operational
efficiency and cost savings, as shown by R values of 0.261 and
0.302. Hypothesis H3 revealed a substantial association
between financial investment in solvent recovery technology
and successful reuse and recycling results, with a Pearson
correlation of 0.552, which was significant at the 0.01 level.
Hypothesis H4 demonstrated the greatest correlation, with a R
value of 0.614 and R2 of 0.377, showing that optimum solvent
management greatly promotes regulatory compliance and
sustainability. This is confirmed by an F-value of 239.904 and
a t-value of 15.489 (p = 0.000). The results strongly urge for
pharmaceutical businesses to implement organised solvent
RRR systems, which provide advantages in the environmental,
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economic, and regulatory domains and guide stakeholders
towards sustainable industrial practices.

V1. CONCLUSION

The study presents a succinct examination of the strategic
significance of solvent recovery, reuse, and recycling (RRR) in
the pharmaceutical sector. It confirms a structured solvent
management approach based on solid empirical and statistical
data. All four hypotheses were validated, indicating that
advanced RRR  techniques  provide  considerable
environmental, operational, economic, and regulatory
advantages. Firms that used novel recovery technology
decreased their environmental effect, aligned with
sustainability objectives. Systematic RRR deployment was
favourably associated to increased operational efficiency and
cost reductions, showing both environmental and economic
benefits. Investment levels in recovery techniques had a
moderate to substantial impact on reuse and recycling efficacy,
highlighting the need of ongoing investment. Companies who
used best practices also demonstrated improved regulatory
compliance. Cronbach's Alpha, CR, AVE, high KMO, and a
substantial Bartlett's test all verified the model's dependability
and data appropriateness. Overall, the framework provides a
viable path for pharmaceutical companies seeking to improve
sustainability and performance through solvent RRR
initiatives.
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