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ABSTRACT 

The accelerating convergence of industrial expansion and emerging 
technologies has repositioned the manufacturing sector at the center of 
contemporary climate governance discourse. As climate risks intensify and 
sustainability metrics increasingly influence capital flows, regulatory 
compliance, and global trade alignments, Indian manufacturing companies 
are integrating advanced green technologies such as AI-driven carbon 
accounting systems, IoT-enabled emission monitoring mechanisms, 
blockchain-based supply chain transparency platforms, renewable energy 
integration models, and circular production frameworks. This transformation 
signifies not merely operational modernization but a structural shift from 
traditional liability-based environmental compliance toward digitally 
mediated sustainability governance embedded within corporate decision-
making processes. 

However, this technological transition simultaneously generates complex 
legal, ethical, and regulatory challenges. India's environmental governance 
architecture—principally under the Environment (Protection) Act, 1986, the 
Companies Act, 2013 (particularly Section 135 on Corporate Social 
Responsibility), and the Business Responsibility and Sustainability 
Reporting (BRSR) mandates issued by the Securities and Exchange Board 
of India—was historically shaped by industrial disasters, ecological 
degradation, and the evolution of liability-based environmental 
jurisprudence. These frameworks emphasize statutory control, polluter 
accountability, and compliance monitoring through conventional regulatory 
mechanisms. The rise of data-driven compliance infrastructures and 
algorithmic environmental reporting, however, introduces a new paradigm 
centered on digital transparency, real-time monitoring, and technology-
enabled disclosures, raising concerns regarding data reliability, algorithmic 
bias, and verification standards. 

This paper critically interrogates whether emerging green initiatives 
practiced by Indian manufacturing companies reflect substantive 
environmental responsibility aligned with constitutional principles of 
sustainable development, intergenerational equity, and the precautionary 
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doctrine, or whether they represent technologically sophisticated 
manifestations of greenwashing facilitated by disclosure asymmetries, 
regulatory opacity, and fragmented oversight. The analysis situates these 
developments within India's broader constitutional environmental 
framework under Article 21 jurisprudence, which has progressively 
expanded the right to life to include the right to a clean and healthy 
environment. 

Adopting a doctrinal and analytical methodology, the study synthesizes 
statutory interpretation, judicial precedents, policy directives, ESG 
disclosure norms, and corporate sustainability reports to identify 
enforcement lacunae and structural regulatory gaps. It further examines the 
absence of standardized ESG verification mechanisms, technology-specific 
compliance guidelines, and independent audit protocols capable of 
scrutinizing AI-based reporting systems and digital sustainability metrics. 

The paper argues that although India possesses a robust normative 
environmental foundation, the effectiveness of emerging green governance 
mechanisms remains contingent upon harmonized regulatory oversight, 
interoperable digital compliance frameworks, and ethically grounded 
corporate governance structures. It concludes that sustainable industrial 
transformation cannot rely solely on voluntary corporate commitments or 
disclosure-driven compliance; instead, it requires institutionalized 
verification systems, technology-integrated auditing mechanisms, and 
strengthened enforcement architecture to ensure that emerging green 
initiatives transition from performative compliance to measurable 
environmental accountability and environmental justice. 

Keywords: Digital Environmental Governance, ESG Regulation and 
Disclosure, Green Technology Compliance, Sustainable Development 
Jurisprudence, Corporate Greenwashing in India 

1. INTRODUCTION 

Indian manufacturing stands at an interesting crossroads. On one side, there's tremendous 

pressure from global markets, investors, and regulatory bodies demanding environmental 

accountability. On the other, companies face the practical challenge of modernizing operations 

while maintaining competitiveness in price-sensitive markets. The result is a rapid adoption of 

what industry leaders call "green initiatives"—ranging from solar panel installations to 

sophisticated AI-powered sustainability monitoring systems. 

Walk into any major manufacturing facility today, and you'll likely hear executives talking 

enthusiastically about their carbon neutrality targets, circular economy models, and digital 
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environmental dashboards. The language has shifted dramatically. What was once relegated to 

corporate social responsibility reports now dominates boardroom discussions and investor 

presentations. Companies like Tata Steel, Mahindra & Mahindra, and Infosys have made 

headlines with ambitious net-zero commitments and substantial investments in renewable 

energy infrastructure (Sharma and Patel, 2023). 

But there's a question worth asking: how much of this represents genuine environmental 

transformation, and how much is simply sophisticated window-dressing enabled by 

technology? When a company deploys blockchain to track its supply chain emissions or uses 

machine learning algorithms to optimize energy consumption, are we witnessing authentic 

sustainability or just more convincing versions of old greenwashing tactics? 

India's environmental legal framework wasn't built for this digital age. The foundational 

statutes—the Environment Protection Act of 1986, the Water and Air Pollution Acts, the Forest 

Conservation Act—emerged from a different era. They were responses to visible catastrophes 

like Bhopal, to rivers catching fire, to forests disappearing at alarming rates. These laws think 

in terms of physical inspections, emission limits measured by government officials, and 

penalties imposed after violations occur (Desai, 2022). 

Today's green initiatives operate differently. They produce vast amounts of data, generate real-

time compliance reports, and create digital audit trails that traditional regulatory mechanisms 

weren't designed to verify. When a manufacturing company reports its Scope 3 emissions 

calculated through AI algorithms processing supply chain data from thousands of vendors, how 

does a pollution control board verify that claim? When blockchain records supposedly prove 

sustainable sourcing, who audits the blockchain itself? 

The constitutional foundation for environmental protection in India is actually quite strong. 

Supreme Court jurisprudence under Article 21 has established that the right to life inherently 

includes the right to a pollution-free environment. Landmark cases have articulated principles 

like sustainable development, intergenerational equity, and the precautionary approach. The 

courts have recognized that environmental degradation isn't just a regulatory violation—it's a 

fundamental rights issue (Kumar, 2024). 

Yet there's often a substantial gap between constitutional principles and ground-level 

implementation. Companies can theoretically be held accountable for environmental harm 
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under multiple legal provisions, but enforcement remains inconsistent. Regulatory bodies 

frequently lack the technical expertise to assess complex environmental technologies. 

Penalties, when imposed, are often too small to meaningfully deter violations by large 

corporations. 

The introduction of mandatory Business Responsibility and Sustainability Reporting by SEBI 

in 2021 represented a significant shift toward disclosure-based environmental governance. Top 

listed companies now must report detailed ESG metrics covering everything from water 

consumption to board diversity. This transparency theoretically enables stakeholders to hold 

companies accountable through market mechanisms rather than just regulatory enforcement 

(Menon and Singh, 2023). 

However, disclosure without verification creates opportunities for manipulation. Corporate 

sustainability reports have become increasingly sophisticated documents, full of impressive 

charts, ambitious targets, and carefully curated success stories. But who independently verifies 

the underlying data? What happens when companies miss their stated targets? Are there 

consequences for selectively reporting favorable metrics while obscuring problematic ones? 

This paper examines these tensions systematically. It looks at what Indian manufacturing 

companies are actually doing under the banner of green initiatives, what legal and regulatory 

frameworks govern these activities, where the gaps exist between stated commitments and 

verifiable outcomes, and whether current governance mechanisms can ensure that 

technological sophistication translates into genuine environmental improvement rather than 

just more convincing corporate storytelling. 

2. OBJECTIVES 

This research pursues several interconnected aims: 

• Primary Objective: Critically analyze whether emerging green initiatives adopted by 

Indian manufacturing companies constitute substantive environmental responsibility or 

represent technologically enhanced greenwashing facilitated by regulatory gaps. 

• Secondary Objective 1: Examine the adequacy of India's existing environmental legal 

framework in governing technology-enabled sustainability practices, including AI-

based monitoring, blockchain verification, and digital ESG reporting systems. 
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• Secondary Objective 2: Assess the effectiveness of current disclosure-based 

environmental governance mechanisms, particularly BRSR mandates, in ensuring 

corporate accountability for sustainability claims. 

• Secondary Objective 3: Identify structural gaps in verification, auditing, and 

enforcement systems that enable misrepresentation of environmental performance 

despite apparent regulatory compliance. 

• Secondary Objective 4: Propose reforms to harmonize environmental regulation with 

emerging technological practices, ensuring that green initiatives translate into 

measurable environmental outcomes rather than performative compliance. 

3. SCOPE OF STUDY 

The research focuses on: 

• Sectoral Scope: Large-scale manufacturing companies in India, particularly those in 

heavy industries like automotive, steel, cement, chemicals, and textiles where 

environmental impact is substantial. 

• Regulatory Scope: Analysis covers environmental statutes (Environment Protection 

Act, 1986; Air and Water Acts), corporate governance frameworks (Companies Act, 

2013, Section 135), and ESG disclosure regulations (SEBI's BRSR framework). 

• Technological Scope: Examination of green technologies including renewable energy 

integration, emission monitoring systems, carbon accounting platforms, and circular 

economy implementations. 

• Temporal Scope: The study primarily addresses developments from 2019 onwards, 

when ESG considerations began substantially influencing corporate strategy and 

regulatory frameworks in India. 

• Exclusions: The research does not comprehensively address small and medium 

enterprises, service sector sustainability practices, or international comparative 

environmental law beyond contextual references. 
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4. LITERATURE REVIEW 

4.1 Constitutional and Statutory Environmental Framework 

India's environmental jurisprudence has evolved considerably since independence, though the 

turning point came with the constitutional amendments of 1976 that inserted environmental 

protection into both the Directive Principles of State Policy and Fundamental Duties. Article 

48A directs the state to protect and improve the environment, while Article 51A imposes a 

fundamental duty on citizens to protect natural resources. However, these provisions remained 

largely aspirational until judicial activism transformed them into enforceable obligations 

(Desai, 2022). 

The Supreme Court's interpretation of Article 21 has been particularly transformative. 

Beginning with cases like MC Mehta v. Union of India, the judiciary established that the right 

to life inherently encompasses the right to a healthy environment. This jurisprudential 

development created constitutional foundations for environmental protection that transcend 

statutory frameworks. Subsequent cases articulated doctrines like the precautionary principle, 

polluter pays principle, and sustainable development that now guide environmental 

governance. 

The statutory architecture built on these constitutional foundations includes the Environment 

Protection Act, 1986, which emerged as Parliament's response to the Bhopal disaster. This 

umbrella legislation granted the central government broad powers to take measures for 

environmental protection, set standards, regulate industrial activities, and impose penalties. 

The Act's strength lies in its flexibility, but this same characteristic creates enforcement 

challenges because much depends on executive action rather than clearly defined legal 

standards (Kumar, 2024). 

Sector-specific legislation like the Water (Prevention and Control of Pollution) Act, 1974, and 

the Air (Prevention and Control of Pollution) Act, 1981 established pollution control boards at 

state and central levels with authority to monitor emissions, grant consents, and enforce 

compliance. These institutions represent India's primary regulatory mechanism for industrial 

environmental compliance, yet they frequently struggle with resource constraints, technical 

capacity limitations, and political pressures that compromise enforcement effectiveness. 
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4.2 Corporate Environmental Responsibility and CSR Mandates 

The Companies Act, 2013 introduced mandatory corporate social responsibility under Section 

135, requiring companies meeting specified thresholds to spend at least two percent of average 

net profits on CSR activities. While not exclusively environmental, the schedule of permissible 

CSR activities includes environmental sustainability and ecological balance, creating legal 

obligations for corporate environmental spending that go beyond voluntary initiatives (Sharma 

and Patel, 2023). 

This provision marked a significant shift in Indian corporate law by transforming CSR from 

voluntary philanthropy into statutory obligation. However, its environmental impact remains 

debatable. Companies enjoy considerable discretion in selecting CSR projects, and 

enforcement mechanisms remain weak. The penalty for non-compliance involves explaining 

reasons to shareholders and authorities rather than punitive consequences, which arguably 

diminishes deterrent effects. 

Research on CSR effectiveness in promoting genuine environmental improvement versus 

corporate reputation management reveals mixed results. While some companies have 

undertaken substantive environmental projects through CSR spending, others engage in 

symbolic activities that generate favorable publicity without addressing their operational 

environmental impacts. The disclosure requirements help identify spending patterns but don't 

necessarily verify environmental outcomes (Menon and Singh, 2023). 

4.3 ESG Disclosure Frameworks and BRSR Mandates 

The Securities and Exchange Board of India's introduction of Business Responsibility and 

Sustainability Reporting in 2021 represented a major development in disclosure-based 

environmental governance. BRSR replaced the earlier Business Responsibility Report with 

more comprehensive requirements covering environmental, social, and governance metrics. 

The top 1000 listed companies by market capitalization must now report detailed information 

about their sustainability practices, resource consumption, emission levels, and waste 

management (Gupta and Verma, 2024). 

BRSR's significance lies in making sustainability reporting mandatory rather than voluntary, 

and in requiring quantitative metrics rather than just qualitative descriptions. Companies must 
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disclose water consumption, energy usage, greenhouse gas emissions, waste generation, and 

recycling rates using standardized formats that theoretically enable comparison across 

companies and sectors. The framework also requires disclosure of targets, progress toward 

those targets, and explanations for gaps. 

However, critical analysis reveals several limitations. First, BRSR lacks independent 

verification requirements. Companies self-report their metrics without mandatory third-party 

audits, creating opportunities for selective disclosure and favorable interpretation. Second, the 

framework doesn't specify methodologies for calculating certain metrics, particularly complex 

ones like Scope 3 emissions, allowing companies to use different approaches that undermine 

comparability. Third, consequences for inaccurate reporting remain unclear, with enforcement 

primarily relying on market discipline rather than regulatory sanctions (Rao, 2023). 

4.4 Technology-Enabled Environmental Compliance 

The integration of advanced technologies into environmental management represents a 

relatively new phenomenon that existing research is only beginning to address. Indian 

manufacturing companies are deploying various technologies for sustainability purposes, 

including IoT sensors for real-time emission monitoring, AI algorithms for optimizing energy 

consumption and predicting maintenance needs, blockchain platforms for supply chain 

traceability, and digital twins for simulating environmental impacts of operational changes 

(Krishnan and Shah, 2024). 

These technologies offer genuine potential for improving environmental performance. Real-

time monitoring enables immediate detection and correction of emission violations rather than 

discovering problems during periodic inspections. AI-driven optimization can identify 

efficiency improvements that human operators might miss. Blockchain creates tamper-resistant 

records of transactions that could enhance supply chain accountability. 

Yet technology also creates new challenges for regulatory oversight. Pollution control boards 

accustomed to physical inspections and manual record-checking often lack expertise to assess 

algorithmic systems. How does a regulator verify that an AI-based emission monitoring system 

accurately reports violations rather than systematically understating them? How can blockchain 

records be audited when the verification mechanisms are themselves technological systems 

requiring specialized knowledge? 
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Furthermore, technology can facilitate sophisticated greenwashing. Companies can selectively 

deploy monitoring systems in areas where performance is strong while avoiding problematic 

operations. They can present data visualizations that emphasize favorable trends while 

obscuring concerning patterns. The volume and complexity of data generated by digital 

systems can overwhelm stakeholders, creating an illusion of transparency while actually 

making meaningful assessment more difficult (Patel and Joshi, 2023). 

4.5 Greenwashing and Corporate Environmental Claims 

Academic research increasingly examines the phenomenon of greenwashing—the practice of 

conveying misleading impressions or providing unsubstantiated information about 

environmental performance. In India's context, greenwashing takes various forms, from vague 

sustainability claims lacking specific metrics, to selective disclosure highlighting achievements 

while concealing problems, to aspirational targets announced without credible implementation 

plans (Nair, 2024). 

The shift toward digital environmental governance arguably creates new greenwashing 

opportunities. Technology lends an aura of scientific credibility to corporate claims. When 

companies present sophisticated dashboards showing real-time sustainability metrics, 

stakeholders may assume the data is accurate and comprehensive without critically examining 

underlying methodologies. The complexity of digital systems creates information asymmetries 

that companies can exploit. 

Research identifying greenwashing patterns notes several red flags: substantial gaps between 

stated commitments and actual performance, frequent changes in reporting methodologies that 

prevent longitudinal comparison, emphasis on inputs and activities rather than environmental 

outcomes, and absence of third-party verification for significant claims. These patterns appear 

across sectors but are particularly prevalent in industries with substantial environmental 

footprints seeking to improve their public image (Deshmukh, 2023). 

4.6 Regulatory Gaps and Enforcement Challenges 

Existing literature extensively documents enforcement challenges in India's environmental 

regulatory system. Pollution control boards face chronic understaffing, inadequate budgets, and 

technical capacity gaps that limit their effectiveness. Political interference sometimes 
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compromises their independence, particularly when enforcement actions would affect 

economically significant industries or politically connected companies (Kumar, 2024). 

The penalty structure for environmental violations has historically been criticized as 

insufficiently deterrent. Fines are often trivial compared to compliance costs, creating 

incentives for companies to violate regulations and pay occasional penalties rather than invest 

in pollution control. While recent amendments have increased penalties, enforcement remains 

inconsistent, and prosecution of environmental violations through criminal justice systems 

proves time-consuming and uncertain. 

The emergence of technology-enabled compliance further strains regulatory capacity. 

Agencies designed to monitor physical pollution lack expertise in data science, algorithm 

auditing, and digital verification. Training programs have not kept pace with technological 

change, leaving regulators unable to meaningfully assess the sophisticated systems companies 

now deploy. This expertise gap creates asymmetries where regulated entities understand their 

compliance technologies far better than regulators can evaluate them (Sharma and Patel, 2023). 

5. RESEARCH METHODOLOGY 

This study employs doctrinal legal research methodology combined with critical analysis of 

corporate disclosure documents and policy frameworks. The approach synthesizes multiple 

information sources to build a comprehensive understanding of how green initiatives function 

within India's regulatory environment. 

Primary legal sources include statutory provisions from the Environment Protection Act, 1986, 

the Companies Act, 2013, and SEBI regulations establishing BRSR requirements. Judicial 

precedents from Supreme Court and High Court decisions interpreting environmental rights 

under Article 21 and defining principles like sustainable development provide constitutional 

context. Government policy documents, guidelines issued by pollution control boards, and 

regulatory circulars establish the administrative framework within which companies operate. 

Secondary sources include BRSR reports filed by major manufacturing companies, corporate 

sustainability reports, ESG disclosures to investors, and industry white papers on green 

technology implementation. These documents reveal what companies claim regarding their 

environmental initiatives and provide data for assessing the gap between commitments and 
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verifiable outcomes. 

Analytical methodology involves comparative analysis of stated environmental policies against 

reported performance metrics, examining consistency across disclosure documents, and 

identifying patterns suggesting substantive commitment versus performative compliance. The 

research critically evaluates whether existing legal frameworks provide adequate mechanisms 

for verifying corporate environmental claims made using advanced technologies. 

Limitations include reliance on publicly available information, which may not capture 

undisclosed practices. The absence of independent verification for most corporate 

environmental data means the research must work with potentially biased sources. 

Additionally, the rapidly evolving nature of both technology and regulation means findings 

reflect a specific temporal context that will continue changing. 

6. ANALYSIS OF EMERGING GREEN INITIATIVES IN INDIAN 

MANUFACTURING 

6.1 Renewable Energy Integration and Carbon Neutrality Pledges 

Indian manufacturing companies, particularly large corporations in energy-intensive sectors, 

have made increasingly ambitious renewable energy commitments. Major automotive 

manufacturers have announced plans to achieve carbon neutrality by 2040 or 2050, steel 

producers are investing in hydrogen-based production technologies, and cement companies are 

expanding solar power capacity to reduce fossil fuel dependence. These commitments 

represent significant departures from historical practices and signal recognition that 

sustainability affects competitiveness (Gupta and Verma, 2024). 

However, examining the substance behind these announcements reveals concerning patterns. 

Many carbon neutrality pledges rely heavily on purchasing carbon offsets rather than reducing 

actual emissions from operations. While offset markets have legitimate roles in climate 

strategy, they also create opportunities for companies to claim carbon neutrality without 

fundamentally transforming production processes. The quality and verification of offset 

projects varies enormously, with some generating genuine emission reductions while others 

represent questionable accounting. 
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Figure 1: Corporate Renewable Energy Adoption Framework 

6.2 Digital Environmental Monitoring and AI-Based Compliance 

Technology deployment for environmental monitoring has accelerated substantially. 

Companies install IoT sensors throughout facilities to continuously track air emissions, water 

discharge, energy consumption, and waste generation. These systems generate vast data 

streams that feed into centralized environmental management platforms. AI algorithms analyze 

patterns, predict potential violations before they occur, and optimize operations to minimize 

environmental impact. On the surface, this represents a substantial improvement over periodic 

manual monitoring (Patel and Joshi, 2023). 

The challenge lies in verification. How can regulators or stakeholders confirm that monitoring 

systems accurately report all data rather than selectively filtering favorable information? 

Companies control these systems, configure their algorithms, and determine what data gets 

reported externally. Without independent technical audits of monitoring infrastructure, the 

potential for manipulation exists. Even without intentional deception, technical errors, 

calibration drift, or algorithmic biases could produce inaccurate environmental data. 

Furthermore, the sophistication of digital monitoring can create transparency illusions. 

Companies publish real-time environmental dashboards showing compliance status, present 

sophisticated data visualizations in sustainability reports, and emphasize their technological 
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capabilities. This digital performance can impress stakeholders without necessarily reflecting 

comprehensive environmental monitoring. What about emissions from supply chain partners? 

Transportation impacts? Lifecycle environmental costs of products? Digital monitoring often 

focuses on direct operational impacts while obscuring broader environmental footprints. 

6.3 Circular Economy Initiatives and Waste Management Technologies 

Circular economy principles are gaining traction in Indian manufacturing, with companies 

implementing waste recycling systems, developing product designs that facilitate disassembly 

and material recovery, and establishing take-back programs for end-of-life products. The 

automotive sector has made particular progress, with manufacturers recycling materials from 

scrapped vehicles, remanufacturing components, and designing vehicles for easier recycling. 

Similarly, electronics manufacturers have established e-waste collection and recycling systems 

responding to regulatory requirements and environmental concerns (Deshmukh, 2023). 

Table 1: Comparative Analysis of Green Initiative Claims vs. Verified Outcomes 

Company 
Sector 

Stated 
Initiative 

Claimed 
Achievement 

Verification 
Status 

Gap Analysis 

Automotive 50% 
renewable 
energy by 
2025 

48% renewable 
in 2024 

Self-reported, 
no audit 

No independent 
verification of 
calculation 
methodology 

Steel Zero liquid 
discharge 

All water 
recycled on-site 

Third-party 
audit 
conducted 

Verified but excludes 
supply chain water 
use 

Cement 30% waste 
fuel co-
processing 

28% alternative 
fuel usage 

Annual 
compliance 
report 

Government 
verification but 
limited scope 

Textiles Closed-loop 
water system 

80% water 
recycling 
achieved 

Self-certified No verification of 
water quality in 
recycled streams 

Chemicals Carbon 
neutral 
operations 

Offset purchase 
equals emissions 

Registry 
records 
available 

Offsets purchased but 
actual emissions 
unchanged 

Yet genuine circularity remains elusive for most companies. True circular economy involves 
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designing products from inception for multiple use cycles, establishing reverse logistics 

systems to recover products after use, and creating markets for recycled materials that make 

circularity economically sustainable. Many current "circular economy" initiatives actually 

represent limited recycling programs that capture only a fraction of waste streams or downcycle 

materials into lower-value applications rather than achieving genuine closed-loop systems. 

The economic challenges are substantial. Virgin materials often cost less than recycled 

alternatives, creating financial disincentives for circularity. Collection and processing 

infrastructure for product take-back remains underdeveloped in India. Consumer behavior 

patterns don't always support circular systems—people discard products rather than returning 

them for recycling, or prefer new products over refurbished alternatives. Without addressing 

these systemic barriers, circular economy initiatives risk remaining marginal rather than 

transformative (Nair, 2024). 

6.4 Supply Chain Sustainability and Blockchain Implementation 

Major manufacturers increasingly claim to ensure environmental standards throughout supply 

chains, not just in their own operations. This expanded scope reflects growing recognition that 

a company's environmental impact extends far beyond its facility boundaries. Automotive 

companies audit supplier environmental practices, apparel manufacturers inspect textile mills 

for chemical usage, and electronics firms assess conflict mineral sourcing. Some are 

implementing blockchain systems purportedly creating transparent, immutable records of 

supply chain transactions and environmental compliance (Rao, 2023). 

However, supply chain environmental governance faces enormous practical challenges. Indian 

manufacturing supply chains often involve hundreds or thousands of suppliers, many of them 

small enterprises operating informally. Monitoring environmental practices across such 

fragmented networks requires resources most companies haven't committed. Audits can be 

superficial, focusing on documentation rather than actual practices. Suppliers sometimes 

maintain parallel documentation showing compliance while actual operations violate 

standards—particularly when they perceive that companies prioritize low costs over genuine 

sustainability. 

Blockchain applications in supply chain transparency face particular scrutiny. While 

blockchain creates tamper-resistant transaction records, it cannot verify the accuracy of initial 
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data entry. If a supplier falsely records that materials were sustainably sourced, blockchain will 

faithfully preserve that false claim. The technology provides data integrity but not data 

accuracy—a critical distinction often obscured in corporate communications that tout 

blockchain as solving supply chain transparency problems (Sharma and Patel, 2023). 

7. REGULATORY GAPS AND ENFORCEMENT CHALLENGES 

7.1 Verification Deficits in ESG Disclosure Frameworks 

SEBI's BRSR framework mandates extensive sustainability disclosures but does not require 

independent third-party verification for most reported metrics. Companies essentially self-

certify their environmental performance data, creating obvious conflicts of interest. While 

some companies voluntarily obtain limited assurance from auditing firms for sustainability 

reports, this remains exceptional rather than standard practice. The majority of BRSR 

disclosures rely entirely on internal data with no external validation (Gupta and Verma, 2024). 

Even when companies obtain external assurance, the scope is often limited. Auditors might 

verify that reported data matches internal records without assessing whether internal data 

accurately reflects reality. They might check calculation methodologies without confirming 

that all relevant environmental impacts were included. The "limited assurance" standard 

commonly used for sustainability reports provides far less rigorous verification than the 

"reasonable assurance" standard applied to financial audits. 

This verification gap undermines the entire disclosure-based governance model. If stakeholders 

cannot trust reported data, disclosure serves little purpose beyond compliance theater. Market 

discipline only functions when investors and other stakeholders can distinguish genuine 

environmental performance from greenwashing. Without robust verification, that distinction 

becomes nearly impossible, allowing misleading disclosures to succeed in their objective of 

appearing environmentally responsible regardless of actual performance (Menon and Singh, 

2023). 
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Figure 2: Regulatory Enforcement Gap Architecture 

7.2 Technical Capacity Constraints in Regulatory Agencies 

State Pollution Control Boards theoretically oversee environmental compliance for 

manufacturing facilities, but their capacity to handle sophisticated green technologies is 

limited. Most boards employ staff trained in traditional industrial inspection—checking 

physical pollution control equipment, collecting samples for laboratory analysis, reviewing 

operating logs. Few have expertise in data science, algorithm verification, IoT systems 

assessment, or blockchain auditing that would enable meaningful oversight of technology-

enabled environmental management systems (Kumar, 2024). 

This technical gap creates asymmetries where companies understand their systems far better 

than regulators can evaluate them. When a company presents real-time emission data from AI-

monitored sensors, regulators often lack tools to verify whether the sensors are properly 

calibrated, the algorithms are functioning correctly, or the data hasn't been filtered. Companies 

can essentially self-regulate while maintaining the appearance of regulatory oversight. 

Training programs could address these gaps, but they require sustained investment that 

government agencies haven't consistently received. Environmental regulation competes for 

resources with numerous other priorities, and technical training for specialized skills demands 
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both financial commitment and time to develop expertise. The pace of technological change 

compounds the challenge—by the time regulators master current technologies, companies have 

moved to newer systems requiring different evaluation skills. 

7.3 Penalty Inadequacy and Deterrence Failures 

Environmental violations, when detected and prosecuted, often result in penalties too small to 

meaningfully deter non-compliance. A company might face fines of a few lakhs for violations 

that saved crores in pollution control costs. Even when penalties are imposed, collection proves 

challenging, with cases lingering in legal proceedings for years while companies continue 

operations (Desai, 2022). 

Recent legislative amendments have increased maximum penalties, but actual imposed 

penalties remain far below theoretical maximums. Courts and regulatory agencies exercise 

discretion considering factors like employment impacts, economic contribution, and company 

cooperation, often resulting in nominal penalties. For large corporations, environmental fines 

become minor business expenses rather than serious consequences affecting strategic 

decisions. 

The criminal liability provisions in environmental statutes could theoretically provide stronger 

deterrence, but prosecution faces evidential and procedural challenges that limit application. 

Proving that specific individuals within corporate structures bear criminal responsibility for 

environmental violations requires investigation resources that authorities rarely commit. 

Corporate defendants can afford extensive legal representation that exploits procedural 

complexities, making environmental criminal cases expensive and time-consuming for public 

prosecutors. 

8. CONSTITUTIONAL PRINCIPLES AND GOVERNANCE REFORMS 

8.1 Article 21 Jurisprudence and Environmental Rights 

Supreme Court decisions have established that environmental protection is not merely 

regulatory preference but constitutional imperative flowing from fundamental rights. The right 

to life under Article 21 inherently includes the right to a clean and healthy environment. This 

jurisprudential development creates powerful legal foundations for holding both government 

and private actors accountable for environmental degradation (Kumar, 2024). 
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However, translating constitutional principles into effective governance mechanisms requires 

more than judicial pronouncements. Courts can articulate rights and principles, but 

implementation depends on functional regulatory systems, adequate enforcement capacity, and 

political will to prioritize environmental protection even when it conflicts with short-term 

economic interests. The gap between constitutional environmental rights and actual 

environmental conditions reveals implementation challenges that legal doctrine alone cannot 

resolve. 

Recent judicial activism has pushed for greater accountability, with courts monitoring 

compliance in specific cases, appointing expert committees to assess environmental impacts, 

and directing regulatory agencies to strengthen enforcement. While these interventions 

sometimes produce results, they also reflect the failure of ordinary regulatory mechanisms that 

should function without constant judicial supervision. A sustainable environmental governance 

system cannot rely on litigation to address routine compliance issues. 

Figure 3: Technology-Enabled Greenwashing Mechanisms 

8.2 Proposed Reforms for Digital Environmental Governance 

Addressing the challenges identified requires comprehensive reforms across regulatory, 

verification, and enforcement dimensions. First, ESG disclosure frameworks need mandatory 

independent verification requirements comparable to financial audit standards. Just as investors 
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cannot rely on companies to self-certify financial statements, environmental stakeholders 

shouldn't depend on unverified sustainability claims (Gupta and Verma, 2024). 

Second, regulatory agencies require substantial capacity building in digital technologies. This 

involves not just training existing staff but recruiting specialists with data science, software 

engineering, and environmental technology expertise. Creating specialized units within 

pollution control boards focused on technology assessment would help develop institutional 

capabilities to oversee digital environmental management systems. 

Third, penalty structures need recalibration to ensure deterrence. Fines should reflect the 

economic benefits of non-compliance, making violations costly rather than economical. 

Linking penalties to company revenues or environmental damage caused rather than fixed 

amounts would better match consequences to violation severity. Additionally, streamlining 

prosecution procedures for environmental crimes could enable more effective use of criminal 

liability provisions. 

Fourth, standardized methodologies for calculating environmental metrics would enhance 

comparability and reduce opportunities for selective reporting. If all companies must calculate 

emissions, water usage, and waste generation using identical approaches, stakeholders can 

meaningfully compare performance across firms. Industry-specific guidelines could address 

sectoral variations while maintaining consistency within sectors (Krishnan and Shah, 2024). 

Fifth, establishing environmental data verification agencies—independent bodies specifically 

focused on auditing corporate environmental claims—could fill the current verification gap. 

These agencies would combine technical expertise with regulatory authority to assess whether 

reported data accurately reflects environmental performance. Their audits would go beyond 

checking calculations to evaluating whether monitoring systems comprehensively capture all 

significant impacts. 

9. DISCUSSION 

The analysis reveals a fundamental tension in India's approach to manufacturing sector 

environmental governance. On one hand, there's genuine progress—companies are investing 

in green technologies, adopting renewable energy, implementing waste reduction programs, 

and increasingly recognizing that environmental performance affects competitiveness and 
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market access. This represents substantial change from decades past when environmental 

considerations barely registered in corporate strategy. 

On the other hand, the governance architecture surrounding these initiatives remains 

inadequate to ensure that technological sophistication translates into environmental 

improvement rather than just more convincing corporate communications. The absence of 

robust verification mechanisms, technical capacity gaps in regulatory agencies, and weak 

enforcement create an environment where greenwashing can flourish even as companies 

deploy advanced environmental technologies. 

The implications extend beyond individual company behavior to affect broader sustainability 

transitions. If markets cannot distinguish genuine environmental leaders from sophisticated 

greenwashers, the economic rewards that should incentivize environmental improvement 

instead flow to companies best at managing perceptions. This undermines the premise that 

disclosure-based governance can drive corporate sustainability through market mechanisms 

(Nair, 2024). 

Constitutional environmental rights established through Article 21 jurisprudence provide 

powerful normative foundations, but rights without effective implementation mechanisms 

remain aspirational. The challenge involves translating constitutional principles and statutory 

provisions into functioning governance systems capable of ensuring corporate accountability 

despite the complexity introduced by digital technologies and global supply chains. 

International developments add urgency to these challenges. As European markets implement 

carbon border adjustment mechanisms and sustainability due diligence requirements, Indian 

manufacturers face growing pressure to demonstrate credible environmental performance. 

Companies that have engaged in greenwashing rather than substantive improvement may find 

market access threatened. This external pressure could catalyze meaningful reform, but only if 

governance systems evolve to support and verify genuine environmental transformation. 

10. CONCLUSION 

Indian manufacturing companies are undeniably adopting green initiatives at unprecedented 

scale, driven by regulatory requirements, market pressures, and growing recognition of climate 

risks. Technologies like AI-based monitoring, blockchain verification, and renewable energy 
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systems offer genuine potential for environmental improvement. However, the critical question 

is not whether companies are deploying these technologies, but whether deployment translates 

into measurable environmental accountability. 

This research demonstrates that current governance mechanisms are inadequate to answer that 

question definitively. The combination of disclosure requirements without mandatory 

verification, regulatory agencies lacking technical capacity to assess sophisticated 

environmental technologies, and penalty structures providing insufficient deterrence creates 

systematic vulnerabilities that enable greenwashing despite apparent regulatory compliance. 

Effective environmental governance in the digital age requires several fundamental reforms. 

Mandatory independent verification of environmental disclosures, comparable to financial 

audit standards, would address the current self-certification paradigm. Substantial investment 

in regulatory capacity building, particularly in technical expertise relevant to digital 

environmental management systems, would reduce the knowledge asymmetries favoring 

regulated entities. Penalty structures calibrated to provide genuine deterrence would make non-

compliance economically irrational rather than potentially profitable. Standardized 

methodologies for calculating environmental metrics would enhance comparability and reduce 

opportunities for selective reporting. 

Beyond specific reforms, what's needed is a philosophical shift in environmental governance. 

The current approach relies heavily on companies voluntarily committing to environmental 

improvement, with regulation primarily ensuring disclosure of those commitments. This model 

assumes markets will reward genuine sustainability and punish greenwashing, but information 

asymmetries undermine that mechanism. 

Alternative approaches would emphasize regulatory standards for environmental performance 

backed by robust enforcement, rather than primarily relying on disclosure and market 

discipline. This doesn't mean abandoning transparency—disclosure remains valuable—but it 

means recognizing that transparency alone is insufficient when verification mechanisms are 

weak and enforcement is inconsistent. 

Constitutional principles of sustainable development, intergenerational equity, and 

environmental protection as fundamental rights provide strong normative foundations for 

stricter governance. The judicial articulation of these principles through Article 21 
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jurisprudence establishes that environmental protection isn't optional policy preference but 

constitutional imperative. Translating this legal foundation into effective governance requires 

political will, administrative capacity, and sustained commitment to prioritizing environmental 

protection even when it conflicts with short-term economic convenience. 

The stakes are substantial. Climate change, resource depletion, and ecosystem degradation pose 

existential challenges that require genuine transformation of industrial practices. 

Greenwashing, however technologically sophisticated, serves corporate reputation interests 

while delaying the fundamental changes needed. India's environmental future depends on 

ensuring that the impressive-sounding green initiatives now being announced translate into 

measurable improvements in air quality, water conservation, emission reductions, and 

ecosystem protection. Achieving that outcome requires governance systems capable of 

distinguishing performance from performance claims—a capacity current frameworks have not 

yet demonstrated. 
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