International Journal of Research Publication and Reviews, Vol (6), Issue (3), March (2025), Page — 8793-8805

International Journal of Research Publication and Reviews

Journal homepage: www.ijrpr.com ISSN 2582-7421

WWW.IJRPR.COM

A STuDY OF THE SUSTAINABILITY IN INDIAN
MANUFACTURING

Ms. Babitha B.S.!, Yukasha Devendra Verma?, Drishti Kothari®, B Gurukeerthan?®, Neelakshee
Bose®, Sri Hari Charith®

1 Assistant Professor, Jain (Deemed to be University) Center for Management Studies, Bengaluru
2 Student, Jain (Deemed to be University) Center for Management Studies, Bengaluru

3 Student, Jain (Deemed to be University) Center for Management Studies, Bengaluru

4 Student, Jain (Deemed to be University) Center for Management Studies, Bengaluru

® Student, Jain (Deemed to be University) Center for Management Studies, Bengaluru

®Student, Jain (Deemed to be University) Center for Management Studies, Bengaluru

ABSTRACT:

Nowadays, practically every significant participant in the global industrial scene can commit to sustainability in all of their operational endeavors, and they all use
different approaches to achieve this goal. Evaluating sustainable manufacturing practices (SMP) in the Indian industrial sector is the aim of this article. The
relationship between sustainable manufacturing (SM) and lean practices is another main topic of this article.SMPs are the main subject of this study. According to
this study, SM is caused by lean practices (LP), agile practices and customization, sustainable supply operation and distribution, sustainable product and process
design (SPPD), and product recovery and return procedures.The current study aids the stakeholders in creating robust regulations and policies that support SMPs
in the manufacturing sectors of India. Production/manufacturing managers and practitioners may find this research useful in understanding SM-related challenges
and how to apply them to enhance their practices and performance in the direction of sustainable development. This research enhances the company's corporate
social responsibility. The company's CSR activities will address poverty and malnutrition, promote health care, including preventive health care, and focus on
sanitation, including supporting the Government of India's Swachh Bharat Kosh initiative to promote sanitation and provide safe drinking water. The company's
overarching goal of promoting sustainable development and well-being through its operations is furthered by this

KEYWORDS: Sustainable Manufacturing Practices (SMP), Lean Practices (LP), Indian Manufacturing Sector, Corporate social responsibility (CSR),
Circular Economy, Triple Bottom Line (TBL), Energy Efficiency, Waste Management, Renewable Energy Adoption, Extended Producer
Responsibility (EPR), Supply Chain Sustainability, Carbon Footprint Reduction, Green Technologies, Environmental Regulations, Social Sustainability

INTRODUCTION :
Background

Sustainability has emerged as a vital focus for the Indian manufacturing sector, as companies work to find a balance between economic growth and
environmental stewardship. Given that industries play a significant role in carbon emissions, energy use, and resource depletion, adopting sustainable
practices has become essential rather than optional. The Indian government has rolled out several regulatory initiatives, including the Perform, Achieve
& Trade (PAT) scheme, Extended Producer Responsibility (EPR), and Renewable Purchase Obligations (RPOs), to encourage industries to adopt
greener practices. Nevertheless, the degree to which sustainability practices are implemented varies greatly among companies, influenced by factors
like financial resources, technological capabilities, and the enforcement of policies.

This study explores the sustainability strategies, challenges, and successes of five leading Indian manufacturers—Tata Steel, Mahindra & Mahindra,
Godrej, ITC, and JSW Steel—to evaluate how sustainability is being woven into their operations. By reviewing their sustainability reports, this research
sheds light on significant obstacles, effective sustainability strategies, and the impact of government regulations on corporate sustainability initiatives.

Problem Statement

Despite growing awareness and various policy efforts, many manufacturers in India find it challenging to implement effective sustainability practices.
They face hurdles such as high capital costs, complex regulations, supply chain issues, and limited access to green technologies. While larger
companies like Tata Steel and Mahindra & Mahindra have established clear sustainability strategies, small and medium enterprises (SMEs) often lack
the financial resources and technical expertise to follow suit.
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Additionally, inconsistencies in policy and gaps in enforcement present further challenges, making it hard for industries to meet sustainability
requirements. Although some companies have made strides in reducing carbon emissions, increasing the use of renewable energy, and enhancing waste
management, others struggle due to economic and operational constraints. A thorough examination of successful and unsuccessful practices in Indian
manufacturing is essential to address this disparity.

Research Gap

Existing studies on sustainability in manufacturing primarily concentrate on developed economies, where advanced technology and robust policy
enforcement contribute to successful sustainability efforts. In contrast, research focusing on Indian manufacturing—characterized by distinct economic,
infrastructural, and policy challenges—remains limited.

The main gaps identified in sustainability research for Indian manufacturing include:

1. A lack of qualitative insights into the real-world challenges faced by Indian manufacturers in implementing sustainability
initiatives.

2. An absence of comparative analysis between companies that excel in sustainability and those that are still struggling to adopt these
practices.

3. Insufficient examination of the effectiveness of government policies and incentives in encouraging sustainability adoption.

4. Few studies investigating how SMEs can adopt the best practices of larger corporations to enhance sustainability outcomes.

Objectives of the Study

1. Identify the main obstacles to adopting sustainability in Indian manufacturing.

2. Analyze the sustainability strategies that top Indian manufacturers have put into practice.

3. Examine how government policies and incentives influence corporate sustainability initiatives.

4. Highlight effective practices from large corporations that SMEs can adopt to enhance their sustainability performance.

Research Questions

el s

What are the key challenges Indian manufacturers face in adopting sustainable practices?

Which sustainability initiatives have proven effective among Indian manufacturers?

In what ways do government policies and incentives influence sustainability initiatives?

What successful practices from larger companies can small and medium enterprises (SMEs) implement to enhance sustainability?

LITERATURE REVIEW :

THEORETICAL FRAMEWORK-

1.

Waste management: Reducing, reusing, and recycling materials, while minimizing hazardous waste production.

Sustainable sourcing: Using raw materials that are responsibly sourced (e.g., sustainable forestry or mining) and considering the life cycle
impacts of products.

Carbon footprint: Taking different steps to lower greenhouse gas emissions Triple Bottom Line (TBL) is a sustainability framework that
encourages various businesses including manufacturers, to focus on three key pillars: People, Planet, and Profit. These three dimensions
help organizations evaluate their financial success and environmental and social responsibility performance.

People (Social Responsibility)

Manufacturers must consider the impact of their operations on customers, employees, and communities.

2.

Fair labor practices: Fair labor practices ensure workers are paid fair wages, have access to health benefits, and work under safe
conditions.

Community engagement: improving living standards, supporting local communities, and addressing social issues like education,
poverty, etc.

Health & Safety: Prioritizing the health and safety of employees and customers by following standards and all the best practices in the
workplace for safety.

Planet (Environmental Responsibility)

Manufacturers must reduce most of their environmental usage by minimizing resource consumption, emissions, and waste.

3.

Energy efficiency: Using renewable energy sources improving energy efficiency in various production processes, and also reducing
dependency on fossil fuels helps in efficiency.

ns, adopting energy-efficient HVAC systems, and optimizing energy use and carbon capture and storage.

Profit (Economic Responsibility)

Manufacturers must remain economically viable while meeting all the demands of environmental sustainability and social responsibility.

Long-term financial sustainability: Ensuring that the business is profitable without compromising any social or environmental
responsibilities.
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. Cost savings through efficiency: Reducing various costs by improving resource efficiency and reducing waste.

e  Market differentiation: Offering eco-friendly products that can attract a growing segment of environmentally-conscious consumers
that helps and promotes sustainability.

. Innovation: Developing new products, different processes, and services that align with sustainability goals, which can create
new market opportunities and drive growth and innovation.

PRIOR STUDIES ON SUSTAINABILITY IN INDIAN MANUFACTURING SECTORS-

There are prior studies on sustainability in both the global and Indian manufacturing sectors that have been growing rapidly over the last couple of
decades. These studies emphasize the importance of adopting sustainable practices to minimize environmental impact, improve economic viability, and
promote various social responsibilities.

Sustainability in the Indian Manufacturing Sector

India faces various unique challenges and opportunities when it comes to sustainability in manufacturing and the use of efficiency in the field. Factors
like rapid environmental growth, industrial growth, technology and innovation, resource constraints, and socio-economic development impact how
sustainability is approached in India.

“An exploratory study of sustainability and firm performance for Indian manufacturing small and medium enterprises” (Subrata Mitra published,
October 2022) [6]

Sustainability in Indian Manufacturing Sector: An Empirical Study on Barriers and Drivers" (published with author name not specified, 2016) [8]

Key Areas of Focus:

e Energy Efficiency- Given India's energy needs and the growing industrial base, improving energy efficiency in manufacturing is a
key area of focus.

e Waste Management: Addressing waste generation in sectors like chemicals and food processing is important.

e  Compliance with Environmental Regulations: Companies have to meet rigid environmental standards that are set by the government
and global certifications.

e CSR and Social Sustainability: The emphasis on local all-community welfare, fair labor practices, and inclusive growth is
important.

Notable Research Papers:

e  "Sustainable Manufacturing Practices in Indian Industries" (Sustainability, 2016)
This particular paper explores the adoption of all sustainable manufacturing practices across various sectors in India. It highlights
the barriers such as lack of awareness, lack of technology, high initial investment, financial constraints, and limited technological
infrastructure in sustainable manufacturing.

e  "Environmental Sustainability in Indian Manufacturing: Drivers and Challenges"
(International Journal of Sustainable Development & World Ecology, 2018)
An overview of the forces supporting sustainability in Indian manufacturing, such as international
pressure and governmental regulations, is given in this study. It also looks at the issues that manufacturers deal with, like
inadequate supply chain support and bad infrastructure.

e  "Green Supply Chain Management in Indian Manufacturing Firms' (International Journal of Production Economics, 2020)
Green supply chain techniques in Indian industry are the subject of this study. It discusses obstacles including a lack of
infrastructure and competent labor while highlighting important drivers like global market needs for sustainability and
governmental restrictions.

e  "Sustainability in the Indian Manufacturing Sector: A Systematic Review of Literature"

(Environmental Science and Pollution Research, 2020)
This study thoroughly examines the body of research on sustainability in India's manufacturing sector, highlighting the contribution
of eco-innovation, resource efficiency, and sustainability certifications to better sectoral performance difficulties, particularly those
about infrastructure and resource limitations. Overcoming obstacles, implementing cutting-edge technology, and adhering to
regional and international sustainability requirements remain the main topics of research in this field.
Green Manufacturing Performance Measures: An Empirical Investigation from Indian Manufacturing Industries” (Abhijeet Digalwar, Ashok
Tagalpallewar and Vivek Sunnapwar published ,2013) [9]
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CHALLENGES-

The main challenges/opportunities are achieving effectiveness in sustainability manufacturers are broadly categorized in 3 main domains-

1.  Methodological challenges

2. Data requirement

3. Implementation challenges
Effectiveness is particularly relevant today, as efforts to enhance efficiency in the use of energy and resources have only intensified overall energy and
resource consumption. An integrated systems approach that involves various stakeholders and assessment tools, along with effectiveness indicators and
knowledge from several disciplines (such as sustainability assessment, manufacturing performance, systems thinking, and circular economy),
benchmarked against local and global pollution thresholds, represents a path forward towards greater effectiveness. A significant future challenge for
sustainable manufacturing is establishing the causal relationships between product life cycle activities and their various impacts, tracing those impacts
back to design and manufacturing decisions. This can be achieved effectively by examining life cycle stages beyond just manufacturing.

Energy Efficiency:

e  Transitioning to energy-efficient machinery and processes is a significant challenge for cost-conscious businesses.

e  Regulatory Compliance: Despite stricter legislation about all environmental requirements, there is still inconsistency in how these laws are
applied and enforced. Businesses can struggle to stay on top of evolving laws and compliance standards.

e  Cost Constraints: Sustainability initiatives often require upfront investment in technology, infrastructure, and training. Many small and
medium enterprises (SMEs) in India may struggle to fund these initiatives.

e  Consumer Awareness and Demand: It is more difficult for manufacturers to defend the expenses of sustainable practices in India since
Indian consumers are not always prepared to pay more for eco-friendly items, even though sustainability is becoming more and more
important on a worldwide scale.

Opportunities in Sustainability in Indian Manufacturing:

e  Adoption of Renewable Energy: India is making investments in wind and solar energy. Manufacturers can take advantage of these chances
to lessen their reliance on fossil fuels and energy expenses. The government's emphasis on renewable energy creates opportunities for
environmentally friendly production methods.

e  Circular Economy Models: The idea of a circular economy, which focuses on reusing, recycling, and reducing waste, is becoming
increasingly popular. Manufacturers in India have the chance to decrease waste, enhance resource efficiency, and create innovative product
designs that promote extended life cycles for their products.

e  Exporting Green Products: With the growing global demand for sustainable goods, Indian manufacturers can seize the chance to establish
themselves as providers of environmentally friendly products. Green certifications and eco-labels can provide access to international
markets emphasizing sustainability

Challenges of Sustainable Manufacturing for Indian Organization: A Study" by Ravinder Kumar, and (Lakhan Sharma ,2022) [7]

METHODOLOGY :
Research Approach

This study uses a qualitative research approach that combines thematic analysis with quantitative visualizations to explore sustainability practices in
Indian manufacturing. It relies on secondary data analysis, specifically examining the most recent sustainability reports (2023-2024) from five major
Indian companies: Tata Steel, Mahindra & Mahindra, Godrej, ITC, and JSW Steel.

The goal of the study is to pinpoint key barriers, effective sustainability strategies, and the influence of government regulations on corporate
sustainability initiatives. By merging thematic analysis with data-driven visualizations, the research offers both qualitative insights and measurable
trends in the adoption of sustainability practices among Indian manufacturers.

Data Collection

The data for this research was gathered from publicly available sustainability reports (2023-2024) from Tata Steel, Mahindra & Mahindra, Godrej, ITC,
and JSW Steel. These reports offer insights into corporate sustainability efforts, highlighting initiatives in carbon reduction, renewable energy use,
waste management, water conservation, and workforce diversity.

The analysis focuses on the following key areas:

1. Sustainability Strategies : Adoption of renewable energy, circular economy initiatives, goals for carbon neutrality, and sustainable supply
chains.

2. Challenges & Barriers :
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High capital costs, issues with regulatory compliance, technological limitations, and risks within the supply chain.

3. Future Targets & Goals : Timelines for CO. emission reductions, renewable energy objectives, and commitments to achieving zero
waste and conserving water.

4. Government Policies & Regulations :

Adherence to the PAT Scheme, EPR, SEBI ESG mandates, and Renewable Purchase Obligations (RPOSs).

5. Company Statements & Quantitative Data :

Direct quotes from corporations and key statistics gathered for comparative analysis.

Data Analysis :

Thematic Analysis (Qualitative Analysis)

This study utilizes Thematic Analysis, based on the Braun & Clarke (2006) framework, to uncover common patterns in sustainability practices among
the selected companies.

A) Thematic Analysis

Final Identified Themes for Discussion:
Theme 1: Financial and Technological Barriers to Sustainability Findings:

A significant hurdle in adopting sustainability practices among all five companies is the steep cost of implementation and the limitations of current
technology. Although these organizations have established bold goals for carbon neutrality, the practicality of rolling out initiatives like green
hydrogen, carbon capture, and circular economy strategies is hindered by financial and infrastructure challenges.

Company Specific Insights:

1. Tata Steel & JSW Steel: They are dealing with high capital costs associated with green hydrogen projects and carbon capture
utilization & storage (CCUS), which have yet to prove their commercial viability.
2. Mahindra & Mahindra: The company is facing challenges with the cost of electric vehicle (EV) adoption, trying to find a balance

between affordability and profitability as they shift away from internal combustion engines (ICEs).
[Mahindra & Mahindra Limited, Sustainability Report 2023-24, 2024]

3. Godrej: The company is experiencing increasing energy costs due to its reliance on coal imports, which is hindering the pace of
renewable energy adoption.

[Godrej Industries Limited, Business Responsibility & Sustainability Reporting (2023-24), 2024]
Direct Quote:
“Decarbonization will not be quick nor without large investment. Many key technologies are not yet feasible nor commercially viable.” [JSW
Steel Limited, Climate Action Report 2024, 2024]
Implication:
Despite strong commitments to sustainability, financial and technological challenges are impeding progress. Without government support or significant
advancements in renewable energy and hydrogen technologies, achieving a full-scale green transition in the near term remains a tough goal.

Theme 2: Circular Economy & Waste Management Findings:

Many companies are focusing on reducing waste, enhancing recycling, and improving material efficiency as part of the circular economy model. The
“zero waste to landfill” strategy is widely adopted, yet there are still challenges in implementing these practices consistently across all operations
Company Specific Insights:

1. Tata Steel & JSW Steel: Advocating for scrap-based steelmaking to lessen dependence on virgin raw materials.

2 Mahindra & Mahindra: Launching automotive recycling initiatives to ensure that parts and materials are reused or repurposed.

3. ITC: Achieved plastic neutrality, meaning it recycles or reuses all of the plastic waste it produces.

4.  Godrej: Emphasizing compliance with Extended Producer Responsibility (EPR) to reduce plastic waste throughout supply chains.

Direct Quote:

“ITC has sustained plastic neutrality since FY 2021-22, ensuring more plastic waste is managed than used in packaging.” [ITC Limited, Sustainability &
Integrated Report 2024, 2024]
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Implication:

Although waste management efforts are advancing, scalability continues to be a challenge, particularly in the areas of multi-layer plastic recycling and
repurposing industrial waste. Increased investment in recycling technology and infrastructure is essential to fully realize the circular economy in Indian
manufacturing.

Theme 3: The Role of Government Policies & Regulatory Uncertainty Findings:

Government policies significantly influence the pace of sustainability initiatives. While subsidies, tax incentives, and energy efficiency programs can
aid companies, regulatory uncertainty and complicated compliance requirements often hinder advancement.

Company Specific Insights:

1. Tata Steel & JSW Steel: These companies are impacted by the EU’s Carbon Border Adjustment Mechanism (CBAM), which may
raise costs for their exports.

2. Mahindra & Mahindra: They are pushing for clearer electric vehicle policies and improved charging infrastructure to facilitate the growth of
electric vehicles.

3. ITC: This company is dealing with intricate regulations surrounding food packaging and plastic waste management.

4. Godrej: They are working to comply with Extended Producer Responsibility (EPR) policies but are encountering difficulties in
implementation due to inconsistent government guidelines.

Direct Quote:

“Government policies must evolve to provide stronger financial incentives for green investment.” [Tata Steel Limited, Business Responsibility and
Sustainability Report: Financial Year 2023-2024, 2024]

Implication:

Although policies such as Perform, Achieve & Trade (PAT), Renewable Purchase Obligations (RPO), and EPR frameworks are promoting sustainability
efforts, inconsistent enforcement and policy uncertainty are obstacles to progress. More stable and long-term policies could improve the adoption of
sustainability practices in Indian manufacturing.

Theme 4 : Sustainable Supply Chains & ESG Compliance Findings:

Companies are facing growing demands to prioritize sustainability not only in their own operations but throughout their entire supply chain. Many
manufacturers are adopting supplier sustainability audits, responsible sourcing policies, and ESG (Environmental, Social, Governance) reporting
frameworks.

Company Specific Insights:
1. Tata Steel & JSW Steel — Ensuring that raw material suppliers adhere to carbon footprint reduction targets and ethical mining practices.
2. Mahindra & Mahindra — Collaborating with suppliers to incorporate sustainable materials and components for low-emission vehicles.
3. ITC — Committed to sourcing 100% sustainable wood and agricultural raw materials for its packaging and consumer products.
4.  Godrej — Striving to enhance transparency in the sourcing of sustainable palm oil, in line with its RSPO (Roundtable on Sustainable Palm
Oil) commitment.
Direct Quote:
“Our supply chain sustainability framework focuses on reducing carbon footprint across procurement, logistics, and product lifecycle.” [Tata Steel
Limited, Business Responsibility and Sustainability Report: Financial Year 2023-2024, 2024]

Implication:

Businesses are increasingly aware that sustainability extends beyond their direct operations. Achieving supply chain sustainability is essential for
complying with global ESG standards and meeting investor expectations. However, ensuring compliance across intricate supplier networks continues to
pose a significant challenge.

Theme 5 : Social Sustainability & Workforce Inclusion Findings:

In addition to their environmental initiatives, companies are also focusing on gender diversity, worker welfare, and community engagement as
part of their social sustainability objectives.

Company Specific Insights:
1. Mahindra & Mahindra & ITC — Enhancing gender diversity by hiring more women in STEM (Science, Technology, Engineering,
and Mathematics) positions.
2. Godrej & JSW Steel — Implementing employee well-being programs that cover workplace safety, mental health, and upskilling efforts.
3. Tata Steel — Bolstering local community initiatives aimed at education, healthcare, and livelihood development in the regions surrounding
its industrial facilities
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Direct Quote:

“We believe that social responsibility goes beyond compliance. Our workforce diversity and inclusion programs aim to create an equitable
workplace.”[Mahindra & Mahindra Limited, Sustainability Report 2023-24, 2024]

Implication:

While environmental sustainability often receives more attention, social sustainability is increasingly becoming a priority. Companies that prioritize
diverse and inclusive workplaces tend to experience greater employee retention, innovation, and improvements in brand reputation.

Quantitative Analysis

Alongside thematic analysis, important sustainability data points were gathered, organized, and displayed through Excel charts to highlight trends
among companies. The sustainability metrics that were examined include:

1.  CO:Emissions Reduction (tCO:per Tonne of Production) What is this data?
This metric measures the carbon dioxide (CO-) emissions produced for each unit of output, usually expressed in tonnes of CO. per tonne of production. It
reflects how effectively companies are minimizing their carbon footprint through cleaner production techniques, energy efficiency, and low-carbon
technologies.

Why is it important?
1. Climate Impact: Manufacturing significantly contributes to greenhouse gas emissions in India. Monitoring emissions is essential for
evaluating how companies are working to lessen their environmental impact.
2. Regulatory Compliance: Companies need to meet net-zero targets and adhere to carbon taxation, carbon trading (PAT Scheme), and
international carbon regulations (like EU CBAM).
3. Competitive Advantage: Investing in low-carbon technologies (such as green steel, electric vehicles, and hydrogen fuel) enhances a
company’s competitiveness in global markets.

CO, Emissions Reductionin Indian
Manufacturing
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2. Renewable Energy Adoption (%) What is this data?
This metric measures the proportion of a company’s total energy consumption derived from renewable sources like solar, wind, biomass, and hydro. It
indicates a company’s dedication to moving away from fossil fuels.

Why is it important?
1. Energy Security: India relies heavily on coal for electricity. Increasing the use of renewable energy helps decrease dependence on fossil
fuels.
2. Environmental Impact: Transitioning to renewable energy sources reduces CO. emissions and air pollution, leading to a healthier
environment.
3. Government Incentives: Companies that utilize a significant amount of renewable energy can take advantage of tax credits and subsidies
under Renewable Purchase Obligations (RPOs) and other green energy initiatives.
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RENEWABLE ENERGY ADOPTION ACROSS
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3. Waste Management & Circular Economy (% Waste to Landfill) What is this data?
This metric indicates the percentage of industrial waste that ends up in landfills compared to what is recycled, reused, or converted into energy. It is
calculated as a percentage of the total waste generated and serves as a benchmark for evaluating progress towards a circular economy.

Why is it important?
1. Resource Efficiency: A lower landfill rate signifies a more effective use of materials through recycling and reuse, which helps
minimize reliance on raw resources.
2. Regulatory Compliance: Companies are required to adhere to Extended Producer Responsibility (EPR) regulations and meet zero waste
targets established by government policies.
3. Cost Savings: Reducing the amount of waste sent to landfills can lower disposal costs and decrease the need for new raw materials,
enhancing overall efficiency.

Company-Wise Waste Management Breakdown
of 5 Major Indian Manafacturers
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4. Water Usage & Conservation (Liters per Tonne of Production) What is this data?
This metric measures the volume of water used for each tonne of product produced, expressed in liters per tonne (L/tonne). It provides insights into
water conservation initiatives and sustainable water management practices within manufacturing processes.

Why is it important?
1.  Water Scarcity in India: The manufacturing sector consumes significant amounts of freshwater, which puts pressure on groundwater

supplies and river systems.
2. Regulatory Pressure: Companies are obligated to comply with Zero Liquid Discharge (ZLD) regulations and wastewater management

laws to mitigate pollution.
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3. Operational Efficiency: Reducing water usage can lead to cost savings, enhance supply chain resilience, and ensure the long-term
availability of water resources.

WATER CONSUMPTION PER TONNE OF
PRODUCTION

Godrej

5. Workforce Gender Diversity (%) What is this data?
This metric indicates the proportion of female employees within the overall workforce. It serves as a crucial measure of a company’s

commitment to diversity and inclusion.

Why is it important?
1.  Social Sustainability: A diverse workforce promotes equity, inclusion, and innovation, contributing to a more dynamic and forward-thinking

workplace.

2. ESG Reporting: Investors and stakeholders increasingly favor companies that demonstrate strong Environmental, Social, and
Governance (ESG) performance, which includes gender diversity.

3. Regulatory Requirements: Many large corporations are required to disclose gender diversity metrics in their sustainability reports to adhere
to labor and corporate governance regulations.

Workforce Female Representation Across 5 Major
Indian Manufacturers
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Scope & Limitations Scope of the Study:

1.  This study examines large-scale Indian manufacturers that provide public sustainability disclosures.

2. The findings are relevant to trends in industrial sustainability, but they may not fully capture the situation of small and medium
enterprises (SMEs) due to a lack of available data.

3. The research mainly evaluates corporate sustainability commitments instead of addressing gaps in real-world implementation.
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Limitations of the Study:

1.  Self-reported data bias: Sustainability reports are corporate disclosures that might highlight positive initiatives while downplaying
challenges.

2. Absence of primary data: The study does not incorporate interviews, field surveys, or direct observations from the industry.

3. Changing policy landscape: Regulatory policies are subject to frequent changes, which means that some government incentives or
mandates may have been updated since the report period (2023-24).

FINDINGS AND DISCUSSIONS :
Findings

1.  Growing Emphasis on Sustainability
The Indian manufacturing sector has increasingly integrated sustainability into its operations, driven by regulatory mandates, cocporate cesponsibility,
and global competitiveness. Companies are investing in green technologies, energy efficiency, and waste management to align with India's
sustainability goals, such as the Net Zero target by 2070. Large corporations like Tata Steel, Mahindra & Mahindra, and ITC have pioneered
sustainability initiatives, showcasing a growing industcy-wide trend.

2. Regulatory and Policy Influence
The Indian government has implemented various policies to promote sustainability, including the National Action Plan on Climate Change (NAPCC),
the Pecform, Achieve, and Trade (PAT) scheme, and the Extended Producer Responsibility (EPR) regulations. These policies encourage industries
to adopt eco-friendly practices, ceduce carbon emissions, and enhance resoucce efficiency. However, compliance remains a challenge for small and
medium entecprises (SMEs) due to high implementation costs and lack of expertise.
(Ministry of Environment, Forest and Climate Change, 2023) (15)

3. Adoption of Renewable Energy
Indian manufacturing ficms ace increasingly shifting towards renewable energy soucces like solar and wind power to reduce their cacbon footprint.
Many companies are investing in solac panels, bioenergy solutions, and energy-efficient machinery to lower dependence on fossil fuels. The use of
green energy not only reduces operational costs but also improves brand reputation in the global market.
(Central Pollution Control Board, 2023) (16)

4. Waste Management and Circular Economy Practices
The industry has started implementing waste ceduction strategies, including recycling, reusing materials, and adopting ciccular economy principles.
Companies are focusing on minimizing industrial waste thcough process optimization, zeco-waste policies, and innovative product designs that enhance
sustainability. However, waste segregation and treatment infrastcuctuce in India still need improvement to support widespread adoption.

5. Challenges in Implementation
Despite growing awareness, there are multiple bacriers to sustainability adoption in the Indian manufacturing sector. High initial investment costs, lack
of technical expertise, inadequate infrastcucture, and resistance to change are major challenges. SMEs, which form a significant part of the
manufacturing industry, often struggle with financing sustainability initiatives, making large-scale implementation difficult.

Discussions

The findings indicate that sustainability in Indian manufacturing is progressing but requires a more steuctured and supportive ecosystem for widespread
adoption. The following key points highlight the implications and future dicections for sustainable manufacturing in India:

1. Economic and Environmental Benefits
Sustainability is not just an enviconmental concern but also an economic advantage for manufacturers. Energy-efficient processes, waste reduction, and
sustainable sourcing lead to cost savings and operational efficiency. Companies investing in sustainable technologies are witnessing long-tecm financial
benefits, reinforcing the business case for sustainability.

2. Need for Stronger Policy Implementation
While policies like PAT and EPr have encouraged sustainability practices, stricter enfoccement and financial incentives are needed to drive deeper
adoption. The government could intcoduce subsidies, tax benefits, and low-interest loans to suppoct SMES in integrating sustainable solutions.
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3. Technological Innovation and Digital Transformation
Industey 4.0 technologies, such as artificial intelligence (Al), the Intecnet of Things (loT), and blockchain, can play a significant role in sustainable
manufacturing. Smart energy management, predictive maintenance, and supply chain transpacency through digital tools can optimize resource use and
enhance sustainability efforts.

4. Role of Consumer and Market Demand
Growing awareness among consumers and international buyers regarding sustainable products is pressuring Indian manufactucers to adopt greener
practices. Companies with robust sustainability policies gain a competitive edge in exports, pacticulacly in mackets like the European Union and North
America, where enviconmental cegulations are stringent.

5. Collaboration and Capacity Building
A collective effort among industries, academia, and policymakers is necessary to enhance knowledge sharing and capacity building. Training programs,
research collaborations, and partnerships with global sustainability leaders can help Indian manufacturecs overcome technical and financial bacriers.

6. Future Outlook
The future of sustainable manufactucing in India depends on a combination of regulatory support, technological advancements, and industcy
commitment. Companies that proactively invest in sustainable practices today will be well positioned for future economic growth, compliance with
global standards, and enhanced brand ceputation.
(United Nations Industrial Development Organization, 2022) [17]

CONCLUSION AND RECOMMENDATIONS :

Key Findings
The study on sustainability practices in Indian manufacturing has revealed several important findings.

CHALLENGES

< A key issue for Indian manufacturers is a lack of consistent sustainability standards and certifications. Many businesses struggle to
understand and execute green practices due to financial constraints and a lack of knowledge.
The lack of transparency in supply chains is another key issue. Manufacturers struggle to verify the environmental impact of suppliers,
making it difficult to implement sustainable practices across the entire supply chain.
*Cultural resistance and the priority of short-term financial gains over long-term environmental benefits remain significant hurdles in
embracing sustainability.

(S. K. Jain & M. S. Singh)[10]
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BEST PRACTICES

< *Some enterprises, particularly in the textile and automotive industries, have effectively incorporated green technologies,
renewable energy solutions, and waste reduction techniques.

<+  *Collaboration between manufacturers and suppliers to exchange sustainability-related knowledge and resources has proven effective in

implementing greener practices on a large scale.

*Certification from worldwide green standards (e.g., 1SO 14001) has helped certain Indian businesses enhance their environmental

performance while simultaneously increasing their market competitiveness.

(Hindustan Unilever Sustainability Team)[11]
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RECOMMENDATIONS :
For Manufacturers:

e Adopt Green Certifications: Manufacturers should actively pursue certifications such as ISO 14001, Energy Star, and other recognized
green certifications to demonstrate their commitment to sustainability. These certifications can also enhance brand reputation and open new
market opportunities.

. Invest in Green Technologies: Manufacturers should explore and invest in technologies such as renewable energy sources, energy-efficient
machinery, and waste-to-energy systems to improve environmental performance while also reducing operational costs in the long run.

For policymakers:
. Provide Subsidies and Incentives: Policymakers should provide financial incentives and subsidies to encourage manufacturers to use

sustainable technologies. This might include tax breaks for companies who invest in renewable energy, energy-efficient machinery, or
environmentally friendly materials.
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. Enforce Stricter Environmental Regulations: Stricter environmental regulations, together with compliance guidance, will ensure that
manufacturers meet sustainability criteria. Policies should also encourage the adoption of circular economy ideas and the decrease of
resource usage.

.(1SO 14001:2015)
(Christopher M. Sheperd, David B. Grant, and Hassan Qudrat-Ullah)[14]

Limitations :

Limitations of the Study Even though this study offers important insights, there are a few limitations to keep in mind:
. Dependence on Secondary Data: The research relies a lot on secondary data, like industry reports and publicly available studies, which
might not reflect the most current trends in sustainability practices or specific actions taken by companies.
. Small Sample Size: The number of manufacturers included in the study is quite small, which might not accurately represent the whole
Indian manufacturing sector, especially smaller or rural companies.
(Dufresne and He 2016)&Montabon et al. (2007) &(Choi and Ng (2011) &Sarkis (2003) [12]

Suggestions for Future Research :

To expand on the results of this study, future research could explore the following areas:
1. Longitudinal Studies: Conducting long-term studies that monitor the development of sustainability initiatives over time could offer deeper
insights into how these efforts change and influence operational performance.
2. Cross-Sectoral Comparisons: Research that compares sustainability practices across various sectors within Indian manufacturing could
help pinpoint specific challenges and best practices unique to each sector, as well as opportunities for collaboration across different sectors.
In summary, despite existing challenges, there is considerable potential for Indian manufacturers to improve their sustainability practices. With the right
policies in place and a focus on innovation, the manufacturing sector in India can make significant progress toward becoming more sustainable and
environmentally friendly.
(Michael Porter)[13]
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