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The purpose of this study is to prioritize key environmental sustainability dimensions and indi-
cators within the pharmaceutical sector to support informed decision-making and policy formu-
lation. The study adopts a quantitative methodology using RIDIT analysis to compare multiple
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sustainability indicators against a reference distribution and derive priority rankings. Survey
data collected from 516 respondents were analyzed across environmental impact, environmental
sustainability, impact investing, and adoption of green pharmaceutical practices. The findings

reveal that environmental sustainability and environmental impact indicators receive the highest
priority, indicating strong stakeholder emphasis on long-term ecological outcomes. Impact in-
vesting plays a moderate facilitative role, while green practice adoption ranks lowest, highlight-
ing implementation gaps. The study offers practical implications for policymakers and industry
managers by identifying areas requiring targeted interventions and resource allocation. The nov-
elty of this research lies in the application of RIDIT analysis to systematically rank sustainability
dimensions in the pharmaceutical context, providing a robust and interpretable prioritization
framework.
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1. Introduction

Over the years, the healthcare and pharmaceutical industries have endured rapid changes. One of the most prominent
changes has been the increasing global environmental challenges and growing pressure from stakeholders. Sustainability in
the pharmaceutical industries means financial and social returns in the long term coupled with environmental responsibility
(Saxena, Balani & Srivastava, 2021). More recently, in pharmaceutical sectors, sustainability has been associated with im-
pact investing, which refers to socially responsible investments that also yield financial returns. Socially responsible invest-
ments aimed at the pharmaceutical sectors have also been associated with the 'greening' of the industries (Min, Desmoulins-
Lebeault & Esposito, 2017). Within the healthcare systems, the 'green' pharmaceutical practices such as eco-efficient man-
ufacturing and the use of clean technologies help sustain the systems for a longer period of time (Chaturvedi et al., 2017).

India has one of the largest pharmaceutical industries in the world, which also serves as a backbone to the nation’s healthcare
system (Milanesi, Runfola & Guercini, 2020). The sector has created and sustained numerous jobs and has a positive impact
on the country’s economic development and public health (Malik & Kanwal, 2018). The sector has raised multiple concerns
related to water contamination, toxic waste, harmful emissions, resource extraction, and the overall impact of industrial
activities. Most recently, impact investors, regulators, and international supply-chain partners have given increasing atten-
tion to the environmental performance and sustainability of the sector. This has prompted many pharmaceutical companies
to implement ‘green’ changes to their investments and operations. As a result, this has increased the international competi-
tiveness and resilience of India’s healthcare industry (Dorfleitner, Utz & Wimmer, 2018).

Interest in impact investing and sustainability has paradoxically grown, but the implementation of green practices in the
Indian pharmaceutical industry remains slow and inconsistent. Most companies in the industry still face prohibitively high
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sunk costs, a lack of technical know-how, underdeveloped pollution control legislation, and the uncertainty of long-term
pay-off (Zhai et al., 2022; Saeed et al., 2019). Consequently, the operational environmental sustainability challenges, most
critical to the ecology and public health, of the pharmaceutical industry are grossly overlooked (Ye, & Dela, 2023). Besides,
within the healthcare sector, literature overwhelmingly lacks and is wanting on the role of impact investing in the adoption
of green practices, their adoption and the impact thereof on the environment, and on the sustainability of the health system.

The purpose of this study was to understand the relationships between impact investing, the use and practice of green
pharmaceuticals, environmental sustainability, and the recycling of the Indian health care system. It critically examines
sustainability-driven investments within pharmaceutical and allied health care manufacturing to understand the sustainabil-
ity of operational practices. The research attempts to understand the different means through which the choice to invest or
disinvest affects the environment within the above constructs. The study was conducted in India, but the framework is
applicable to emerging economies with comparable contexts and sustainable health care development goals.

This study established the boundaries of impact investing as a catalyst for the adoption and integration of green practices in
the pharmaceutical industry to reduce the harmful impacts of the industry and further environmental sustainability. The
results help policymakers guide the development of environmental and investment policies, help investors support the sus-
tainability goal of their capital investment, and help managers of pharmaceutical companies incorporate green practices into
their companies’ strategic plans. The study also adds to the discourse on sustainable healthcare by showing how responsible
investments can support the protection of the environment, the health of the population, and the sustainability of the
healthcare value chain in India.

2. Review of Literature

As a new investment model, impact investing has been recognized for its ability to create positive social and environmental
outcomes that can be measured, and also generate a financial return. Previous studies have focused on impact investing and
its ability to create positive social and environmental outcomes, and more importantly, how it guides the allocation of in-
vestment towards sustainable capital and responsible business practices (Kar et al., 2019). The positive impact of investing
on the firm’s assimilation of environmental and social goals into its corporate strategy and sustaining, is widely recognized
(Chaturvedi et al., 2017). In the healthcare and pharmaceutical sectors, impact investors more often address the adherence
to the environmental-social-governance (ESG) compliance, and therefore transform the firms towards the adoption of clean
technologies and sustainable operational practices (Kumar et al., 2019). However, there is a lack of research studies that
have specifically focused on the pharmaceutical industry, and more particularly on emerging economies such as India.

There is a considerable amount of literature within the domain of sustainability and operations management which discusses
the integration and adoption of the green practices within the operational sphere of the pharmaceutical industry. Green
pharmaceutical practices include energy-efficient manufacturing and supply chain operations, green chemistry, waste man-
agement, water stewardship, and sustainable packaging (Hussain et al., 2024). Scholars argue that the most important factors
that drive adoption in the aforementioned practices include the regulatory framework, the expectations of the stakeholders,
and the perceived competitive advantage of these practices (Malik & Kanwal, 2018). Within the pharmaceutical industry,
green manufacturing practices have been shown to enhance operational effectiveness and minimize environmental hazards
(Chaturvedi et al., 2017). However, the lack of a skilled workforce, exorbitant financial costs, and technological deficien-
cies, especially in the developing world, have significantly hindered the adoption of such practices.

The pharmaceutical industry has been one of the leading industries in the world but has also generated a wide range of
pollutants that can be harmful to our ecosystem (Lone, Aggarwal, & Gupta, 2024). Studies have shown that there are harmful
pharma chemical in our rivers and lakes that are the result of careless and poorly regulated disposed pharma chemical waste,
and the production of pharma waste and other pollutants such as plastics and carbon are the result of careless pharma
production operations (Saeed et al., 2019). This raises great concern for our ecosystem and for people living in it. Even
though there are many studies that analyze the negative impact a pharma industry has on the environment, there are very
few studies that analyze the large scale production pharma industries, like those in India, and how the implement and sustain
the positive green practices in production.

Sustainability in the healthcare system goes beyond putting a pause on things that trigger negative impacts on the environ-
ment and goes a long way in focusing on the future by creating a system that optimizes the use of the natural resources
available, maintaining the balance of the ecosystem, and protecting the health of the public (Tewari e al., 2021). Healthcare
system that has considered the environment in how it operates to provide health services has been noted to be more resilient,
have lower costs, and be socially responsible (Sahoo et al., 2025). In the pharma production environment, it is a lot more
common to find the term sustainable linked to consistent and profitable innovation, having and maintaining sustainable
supply chains, and responsible investing (Agrawal & Irfan, 2025). Most of the time, the available studies only ease the
conditions for sustainability and fail to adequately consider the mechanisms of investment and operational practices that
drive sustainability outcomes in the healthcare system.
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While the studies available have their strengths considering the impact investing, green practice adoption, the interplay of
environmental impact, and environmental sustainability as separate fields of study, the pharmaceutical industry, and more
specifically, the healthcare industry of India, has nothing of the kind detailing integrated empirical studies exploring the
connection between the multiple variables (Sahoo, Kumar & Thakur, 2025). More specifically, studies exploring the impact
of impact investing on the adoption and practice of environmentally sustainable green practices in the pharmaceutical in-
dustry, environmental impact, and sustainability have been very limited (Tewari et al., 2021; Kumar et al., 2019). Further-
more, most of the available studies are either only conceptual, or only focus on developed economies, which has left most
of the emerging economies like India understudied both contextually and empirically. Given this situation, the current study,
which aims to create an integrated framework which links impact investing to green practices and ultimately environmental
outcomes, will be of significant value both to theory and practice in the sustainable healthcare field.

In response, this research carried out an empirical investigation to accomplish the below-mentioned objectives:

Objective 1: To identify the key eco-friendly pharmaceuticals practices adopted in India and their contribution to environ-
mental sustainability.

Objective 2: To analyze the role of impact investing in financing and accelerating the adoption and implementation of eco-
friendly initiatives within the Indian pharmaceutical sector.

Objective 3: To suggest policy measures as well as strategic recommendations for policymakers, investors to promote sus-
tainable pharmaceutical practices and maximize the impact of sustainability-oriented investments.

Impact Investing (II)

Impact investing seeks to generate financial gains while positively contributing to society. In the case of the pharmaceutical
sector, impact investing has financed the adoption of green, environmentally sustainable technologies, manufacturing, and
other eco-friendly initiatives (Agrawal & Hockerts, 2021; Kélbel et al., 2020). Investors are concerned with Environment,
Social, and Governance (ESG) criteria, which, in turn, motivates pharmaceutical companies to adopt sustainability. In India,
the impact of financing deficits and the sustained funding of shifts toward ecosystem-friendly practices and sustainable
improvements in the healthcare system has been observed in the pharmaceutical sector.

Adoption of Implementation of Green Pharmaceutical Practices (AIGPP)

The adoption and implementation of green pharmaceutical practices mean the use of environmentally sustainable practices
in all aspects of pharmaceutical manufacturing, packaging, distribution, and the management of waste. This includes green
chemistry, energy-efficient production, the sustainable use of raw materials, and everything in waste and water. The effective
use of these practices includes technology and innovation, organizational effort, compliance and support of personnel, and
the absence of other resources (Chaturvedi et al., 2017). In India, the level of adoption of green pharmaceutical practices is
varied from one firm to another due to the absence of other influencing factors.

Environmental Impact (EI)

Environmental impact is the concern regarding the activities performed by the pharmaceutical industry and how the indus-
tries adversely affect the ecosystem which could include the imbalance in the quality of air, water, and soil. Activities such
as large-scale productions of harmful substances (e.g. harmful chemicals, active pharmaceutical ingredients (API) etc.),
excessive use of water, and large-scale carbon emissions contribute to environmental degradation. There is a need to criti-
cally assess the environmental impact of operations in the pharmaceutical industry by addressing the negative environmen-
tal impact and the importance of "green" for the protection of the environment and the promotion of public health, as well
as the need to control the regulations of the built environment within the industry of health care (Singh et al., 2024; Chow-
dhary et al., 2019).

Environmental Sustainability (ES)

Within the pharmaceutical and healthcare industries, environmental sustainability involves the ability to preserve the eco-
system and simultaneously provide for the health care needs of the present without jeopardizing the health care needs of
future generations. The Indian pharmaceutical industry sustainability is only achievable through the continued implemen-
tation of green practices, stay in the green for your investment, as well as the merger of green policies (Bhattacharjee, Singh
& Singh, 2025). By applying the principle of minimizing impact to the environmental and green social innovations, the
pharmaceutical industry will enhance the sustainability within the health care system and the country as a whole.
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3. Research Methodology

This section highlights the research design and analytical techniques used to achieve the study objectives. As a first step,
the sample set was examined with normality and descriptive statistics to understand the characteristics of the data. Next,
the measurement items of the Environmental Sustainability (ES) were analyzed with RIDIT to compute the prioritization.
In the current research, RIDIT (Relative to an Identified Distribution Integral Transformation) was applied to assess and
rank the impacts of the Likert scale on the impact investing, adoption and implementation of green pharmaceuticals, envi-
ronmental impact, and environmental sustainability. RIDIT is a non-parametric method that deals with ordered categorical
responses and transforms them into probability scores. It is very useful given that the normality and equal interval assump-
tions are not met.

The RIDIT score (p;) for each response category was calculated using the formula:

_ B+ 1/2)f

S 7

where f; denotes the frequency of responses in category j, F;_; represents the cumulative frequency up to the preceding
category, and Zf; is the total number of responses. This method preserves the ordinal relationship in data while allowing for

the response ranges to be captured and transformed into standardized values between 0 and 1 for comparability across
different data points.

To inform the decision-making and practical implications, the ranking method utilizing RIDIT score was employed to im-
prove interpretability. The ranking of indicators embraces the ordering of indicators in relation to their position and value,
thus providing a focal value and priority for decision-making to the policymakers, financiers, and industrial participants.
The RIDIT score ranking, as opposed to the mean score ranking, captures the response data in total and suffers less from
response data distribution bias. In the scope of investments in sustainable pharmaceuticals, ranking contributes to the iden-
tification of the most critical environmental outcomes and illustrates the distance between sustainability and its practice.
Therefore, the use of RIDIT and ranking combined becomes an analytical framework for indicating unsustainability and
lack of practice in the Indian pharmaceutical industry. The additional data characteristics evaluation was also performed
using MS-Excel 2016. The results of the study are formulated based on the indicators in the current literature.

3.1 Data Analysis and Interpretations

Table 1 summarizes the frequency distribution of answers concerning the Environmental Impact (EI), Environmental Sus-
tainability (ES), Impact Investing (II), and adoption and implementation of Green Pharmaceutical Practice (AIGPP) areas.
Each indicator was allocated 516 responses, and the responses to each indicator were recorded on a 5-point Likert scale,
with 5 representing “strongly agree” and 1 representing “strongly disagree”. Each indicator has an equal number of re-
sponses, leading to good options for comparability and analysis with the RIDIT.

The EI indicators had a fairly positive reception and had a relatively high number of answers in the upper scale categories
(4 and 5). Most of the people answer 5 in EI 3 and EI 4, which are the most EI relevant questions, however; people are quite
under the impression that they have enough knowledge to answer. Sustainability indicators within the cluster at the respon-
siveness level 4 & 5 show considerable concentration at the ES1 & ES2, demonstrating the strong emphasis on the com-
mitment to sustainability over a longer time frame. ES3 and ES4 demonstrate higher frequencies at cluster level 3 and
cluster level 2, suggesting some definitional uncertainty with respect to certain dimensions of sustainability. It appears there
is an understanding and acceptance of sustainability, but this is offset by a lack of definitional clarity, a void in policy, and
an absence of effort to implement specific dimensions of sustainability.

The concerns captured by the Impact Investing (II) indicators suggest a measured but consistent spread across the 4 & 5
clusters, and it could be interpreted as a degree of optimism as far as the investment vehicles to support sustainability are
concerned. II1 to II5 show a more or less evenly spread pattern of responses and report fewer cluster level 1 responses,
meaning there is a relative absence of contrarian views. Hence, a degree of recognition of the role of impact investing is
apparent from the responses, although more is expected from that role in respect to the environment and sustainability.

In contrast, the indicators for the Adoption and Implementation of Green Pharmaceutical Practices (AIGPP) show the most
significant clustering of responses in category 4, especially for AIGPP1, AIGPP4, and AIGPPS. This shows that there is
broad consensus on the acceptance of green practices. However, the lower frequencies in category 5 and the responses in
the lower categories indicate that there are challenges to green practices. These responses indicate possible hurdles like
costs, technology, and the regulatory environment that make full scale green initiatives in the pharmaceutical sector unfea-
sible.
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All in all, the empirical basis for the RIDIT analysis is Table 1, which shows the distributional features of each of the
indicators. The differences across the constructs are attributed to differences in the perceptions of the environmental impact,
the financing of the impact, and the operational impact, which supports the ranking approach for seeking most pertinent
issues within the Indian pharmaceutical sector.

Table 1
RIDITs for the reference data set of ES dimensions
Indicator 5 4 3 2 1 mi
Ell 91 271 21 104 29 516
EI2 91 216 76 104 29 516
EI3 115 181 83 115 22 516
El4 113 186 65 115 37 516
ES1 108 241 59 85 23 516
ES2 110 237 54 83 32 516
ES3 71 197 99 118 31 516
ES4 80 157 130 118 31 516
111 147 215 64 70 20 516
112 153 227 39 84 13 516
113 153 223 45 82 13 516
114 154 216 44 85 17 516
115 144 217 63 77 15 516
AIGPP1 180 276 28 21 11 516
AIGPP2 176 251 42 19 28 516
AIGPP3 176 267 29 20 24 516
AIGPP4 168 299 18 20 11 516
AIGPP5 196 263 22 24 11 516

The comparison datasets and respective rankings for Environmental Impact (EI), Environmental Sustainability (ES), Impact
Investing (II), and Adoption and Implementation of Green Pharmaceutical Practices (AIGPP) have been analyzed using a
Relative to Expected Distribution of Indicator Technique (RIDIT) which is shown in Table 2. The RIDIT value (p;) expresses
how each indicator is positioned relative to the distance between each of their values in a given response distribution. Thus,
the value of a given indicator increases as the distance between the response values increases for a given indicator, which
in turn signifies a higher importance. Consequently, based on the scores, comparative evaluation across constructs was
facilitated.

For the primary value as positioned, the indicator findings for Environmental Sustainability (ES) are the highest. The most
prominent indicators were ES (pi=0.6201) and ES (pi=0.6097), showing a strong focus from the respondents on the im-
portance of sustainability as an end outcome. With green pharmaceuticals, a sustained ecological equilibrium, responsible
resource conservation, and a resilient long-term environment are critical. More preference exists for the ES indicators as a
sustained outcome than an operational or financial outcome in the immediate term.

Indicators related to environmental impacts achieved notable rankings too, with EI2 (Rank 3), EI4 (Rank 4), and EI3 (Rank
5) having notable RIDIT scores. This implies that clear positive changes that can be achieved in terms of sustainable practice
in the pharmaceutical industry, including the reduction of pollutants, less waste, and less damage to ecosystems, are valued.
Even though EIl ranked lower (Rank 6), it still indicates moderate importance, signifying that environmental impact as a
dimension remains valued, though the emphasis on its various aspects may differ.

The impact investing indicators are spread across the middle range (Ranks 9 to 13) indicating that while there is an under-
standing of the importance of these types of sustainable and impact-oriented pharmaceutical practices, they are seen more
as a means to achieve outcomes rather than the end. The moderate RIDIT scores for II indicators these criteria suggest that
there may be a lack of understanding, accessibility, or effectiveness of these types of instruments within the Indian pharma-
ceutical sector.

On the other hand, the lowest rank priorities are aligned with the adoption and implementation of the green pharmaceutical
practices (AIGPP). For example, the lowest RIDIT score was recorded for AIGPP5 (Rank 18) and AIGPP1 (Rank 17),
signaling a notable deficiency in the implementation. Although there is some consensus regarding the sustainability objec-
tives, there seems to be a perception that operational adoption is a barrier, which perhaps is attributed to costs, technology,
and regulations. This suggests a disparity between sustainability goals and their actual implementation.

As previously indicated, Table 2 shows the usefulness of RIDIT analysis for establishing relative priorities among sustain-
ability-related measures. The ranking suggests the outcome-related measures (environmental sustainability and environ-
mental impact) are preferred compared to the process-related measures (impact investing and the adoption of green prac-
tices). This analysis is useful in directing policymakers and practitioners to bolster the implementation mechanisms and
integration of the funding to the sustainability aims.
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Table 2
RIDITs for the comparison data sets and ranking the ES dimensions

Indicator 5 4 3 2 1 Pi Priority Rank
EIl 0.023 0.254 0.030 0.178353 0.055000 0.541533 6
EI2 0.023 0.202 0.111 0.178353 0.055000 0.570918 3
EI3 0.029 0.169 0.122 0.197217 0.041724 0.560053 5
El4 0.028 0.174 0.095 0.197217 0.070173 0.566183 4
ES1 0.027 0.226 0.086 0.145769 0.043621 0.529680 8
ES2 0.027 0.222 0.079 0.142339 0.060690 0.532711 7
ES3 0.017 0.184 0.145 0.202362 0.058794 0.609698 2
ES4 0.020 0.147 0.191 0.202362 0.058794 0.620095 1
111 0.037 0.201 0.094 0.120045 0.037931 0.491108 10
12 0.038 0.212 0.057 0.144054 0.024655 0.477807 13
113 0.038 0.209 0.066 0.140624 0.024655 0.479459 12
114 0.038 0.202 0.064 0.145769 0.032242 0.484404 11
s 0.036 0.203 0.092 0.132050 0.028448 0.493274 9

AIGPP1 0.045 0.258 0.041 0.036014 0.020862 0.402579 17

AIGPP2 0.044 0.235 0.061 0.032584 0.053104 0.427538 14

AIGPP3 0.044 0.250 0.042 0.034299 0.045518 0.417536 15

AIGPP4 0.042 0.280 0.026 0.034299 0.020862 0.404679 16

AIGPP5 0.049 0.246 0.032 0.041158 0.020862 0.390743 18

4. Discussion

The RIDIT analysis has clearly shown where priorities lie with the indicators of Environmental Impact (EI), Environmental
Sustainability (ES), Impact Investing (IT), and Adoption & Implementation of Green Pharmaceutical Practices (AIGPP).
The results show that indicators falling within the scope of Environmental Sustainability dominate the highest priority
categories which indicate that the respondents’ overwhelmingly focused on the long-term ecological impacts, irrespective
of the financial and operational implications. More specifically, indicators ES4 (p = 0.6201, Rank 1) and ES3 (p = 0.6097,
Rank 2) were the most significant of the respondents’ rankings, which reinforces the notion that within the green transfor-
mation of the pharmaceutical industry in India, the sustainable and responsible usage of resources, along with commitment
to long-term environmental custodianship and equilibrium of the structured ecology, is vitally important. Therefore, the
results further substantiate the growing understanding that the final measure of the green investments and practices is pre-
scribing the outcomes of sustainability.

Within the Environmental Impact indicators, EI2 (Rank 3), EI4 (Rank 4), and EI3 (Rank 5) received the highest RIDIT
scores, which implies that the most positive feedback from respondents corresponds to lesser degrees of pollution, emis-
sions, and ecological impact as result of reinforced green pharmaceutical initiatives. The close grouping of EI indicators in
the top six positions suggests that respondents see measurable positive impacts on the environment as immediate, tangible
returns from investments in sustainable means of doing business. From this perspective, however, EI1 (Rank 6) may have
been given an even greater degree of importance but show a comparatively lower position.

Most indicators of Impact Investing sit within the mid-range priority positions (Ranks 9 to 13), which suggests a moderate
yet necessary place for financial mechanisms in fostering sustainability. Respondents of 115 (Rank 9) and II1 (Rank 10)
show understanding of the financing that integrates and aligns with the environmental bottom lines. The lower positions of
112 and II3 show a lack of awareness, and may be a result of the unimpeded or even unmeasured effectiveness of the
instruments of (measurable) impact investing within the Indian pharmaceutical ecosystem. This suggests that although fi-
nance might be available, the scope of financing may be too limited and the change desired too heavily constrained by the
existing frameworks, regulations, or the lack of information.

AIGPP indicators were assigned the lowest possible ranks (14 to 18) more consistently than all the other indicators. For
AIGPP5 (Rank 18) and AIGPP1 (Rank 17), the scores are the lowest among all and in the RIDIT analysis. This means that
the greatest difficulties were encountered in operationalizing sustainability commitments. This exemplifies the fact that
within the pharmaceutical industry there is a significant gap between the sector's high level of sustainability ambitions and
the corresponding organizational, technological, and affordability readiness to implement such solutions. This further ex-
plains why AIGPP indicators were assigned such low ranks. It suggests that firms may have a perception of green practices
that are characterized as complex and resource demanding, or they may not have had sufficient justification to implement
them.

5. Conclusion

This research utilized RIDIT analysis in order to determine the most favored key indicators pertaining to the elements of
the environmental impact, environmental sustainability, impact investing, and green pharmaceutical practice adoption and
implementation. The results show an order of preference, with the most influential being the outcome dimensions, impact
and in particular, sustainability of the environment. The sustainability of the environment and the long-term ecological
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balance indicators got the highest RIDIT score, confirming the stakeholders’ preference for sustainability outcomes that are
long lasting over those that are short operational in duration.

The results also show that impact investing as an important ancillary support is still considered to be of moderate importance.
This implies that the sustainability-linked investment and other financial instruments are regarded more as enablers than as
primary drivers of environmental performance. The moderate rank assigned to the impact investing indicators may indicate
a lack of systemic structure, insufficient awareness, perceived risk, and inadequate integration of the financing structure
with the sustainability goals in the pharmaceutical industry.

The lack of emphasis on the adoption and implementation of green pharmaceutical practices indicates a gap between the
intention to be sustainable and the execution of sustainable practices. This gap indicates the need for the development of
regulations, technology, and organizational competencies to assist in the conversion of practice sustainability from hope to
reality. The study exemplifies the use of RIDIT analysis as a decision-making tool to assist in the ranking of sustainability
factors and also provides valuable information to the regulators and industry decision-makers on the sustainable and effec-
tive improvement of the pharmaceutical industry.
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