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ABSTRACT

This study performs an empirical autopsy on the shift of Environmental, Social, and Governance
(ESG) variables from the periphery of corporate reporting to the core of financial valuation in the metal
and mining sector. Focusing on the 2024-2026 fiscal window, we analyse the trajectories of two industry
titans: Steel Authority of India Limited (SAIL) and Vedanta Limited. Our research investigates how
integrated sustainability strategies ranging from decarbonization and circular economy practices to
“Social License to Operate” (SLO) frameworks impact key financial indicators including Weighted
Average Cost of Capital (WACC), EBITDA resilience, and Return on Invested Capital (ROIC).
Utilizing data from current sustainability reports, we trace the emergence of a” Structural Bifurcation”
where firms with high Sustainability Integration Index (SlII) scores secure a competitive alpha. Our
findings highlight a significant compression in the cost of debt for ESG leaders and a” Green Premium”
for low-carbon products, proving that the cost of inaction is a primary driver of shareholder value erosion
in the modern mineral economy. Keywords: ESG Financial Materiality, Mining Decarbonization,
WACC Compression, Green Metal Premium, Social License to Operate (SLO), Circular Economy.

CHAPTER 1: Introduction

Introduction

1.1 Introduction

The 2026 Macro-Economic Context of Mineral Extraction. We are currently standing in the middle of
the most violent structural shake-up the mining world has seen since the Industrial Revolution. In
2026, the industry has shed its old skin as a simple “dirt-and-rock™ supplier and has emerged as the high-
voltage heart of the global energy transition. If you want a net-zero world, you need minerals and lots of
them. We’re talking about a demand curve for lithium, copper, and nickel that looks like a vertical line,
with the IEA projecting a 400% jump by 2030. But here is the catch: this “Mineral Supercycle” isn’t
happening in the wild- west environment of the past. It’s happening in a world where carbon has a price
tag that can sink a mid-cap miner overnight. The global macro-economic stage in 2026 is defined by a
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“Green Volatility” that traditional economists failed to predict. The implementation of the EU’s Carbon

Border Adjustment Mechanism (CBAM) has fundamentally altered the export dynamics for Indian
Maharatna like SAIL. Steel is no longer just a commodity; it is a “carbon carrier.” Every ton of steel
exported to the European or North American markets now carries a phantom cost the cost of the carbon
emitted during its production. This has shifted the competitive advantage from those with the lowest
labor costs to those with the lowest carbon intensity. In this autopsy of 2026, we see that SAIL and
Vedanta have not just responded to these pressures; they have attempted to weaponize them. The
geopolitical weight of these minerals has also shifted. We are seeing “Resource Nationalism™ return
with a vengeance, but with a green twist. Governments are no longer just asking for royalties; they are
demanding decarbonization roadmaps as a condition for the “Permit to Operate.” For a giant like SAIL,
which operates as a “Maharatna” in the Indian context, the pressure is double. They have to fuel the
massive infrastructure growth of a developing superpower while simultaneously cutting their carbon
intensity. This isn’t just a balancing act; it’s an operational tightrope. The 2026 context is one where
“Cheap Ore” is a myth, and the real “Rare Earth” is the social and environmental legitimacy required
to stay in business. Furthermore, the 2026 landscape is characterized by the “Energy-Grade Paradox.”
As the world’s high-grade ore bodies are depleted, miners are forced to move more earth and use more
energy to extract the same amount of metal. This would normally lead to a margin collapse, but the
“Transition Champions” have countered this by integrating renewable microgrids. Vedanta’s push for
“Energy Autonomy” and SAIL’s aggressive adoption of Top Gas Pressure Recovery Turbines (TRT)
represent the first wave of this counter-offensive. We are analyzing a sector that is reinventing its
thermodynamic basis to survive a fiscal reality where fossil fuels are both a liability and a reputational
poison.

1.2 The Maharatna

Mandate and the Vedanta Global Strategy To understand the scale of this autopsy, we have to look at
the specific institutional DNA of our subjects. SAIL is not just a company; it is an arm of national
sovereignty. Its” Maharatna” status gives it immense operational autonomy, but it also burdens it with
the responsibility of being the” Green Standard” for the Indian public sector. In our 2026 analysis, we
find that SAIL’s strategy is built on” Industrial Symbiosis.” They aren’t just making steel; they are
managing a massive ecosystem of waste-to-energy and community upliftment. Their 2024-25
turnover of | 1,04,545 Crores is the fuel for a transformation that is as much about social engineering
as it is about metallurgy. On the other side, we have Vedanta Limited a global natural resources
powerhouse with a completely different risk profile. Vedanta’s strategy in 2026 is a masterclass in”
Aggressive De-risking.” Operating across aluminium, zinc, oil, and gas, Vedanta faces a” Multi-Front
ESG War.” Their response has been the institutionalization of the” Double Materiality Assessment.”
They have realized that in a hyper-transparent 2026 market, you cannot hide your impacts. By
quantifying how their operations effect the environment Anduoite environment affects their bottom
line, they have created a” Feedback Loop of Resilience.” This section explores the tension between
these two models. SAIL represents the” State-Led Transition,” where decarbonization is a matter of
national policy and long-term infrastructure security. Vedanta represents the” Capital-Market-Led
Transition,” where ESG metrics are refined to attract global institutional investors who are
increasingly” carbon-allergic.” By 2026, these two paths have converged on a single truth: if you
don’t control your carbon and your water, you don’t control your future. We are dissecting how these
two entities have utilized their massive scale to force a pivot in the global metal value chain, moving
away from” Extractive Exploitation” toward” Regenerative Stewardship.”
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1.3  Research Problem

The “ Sustainability ROI” Opacity Even though every CEO in the mining sector is talking about ESG
until they’re blue in the face, there is a massive, gaping hole in the middle of the conversation: the”
ROI Opacity. We all know that being green is good, but if you’re a CFO at a place like Vedanta or
SAIL, you need to know exactly what that $500 million investment in a hydrogen-powered haulage
fleet is going to do for your ROIC. You can’t pay dividends with” good vibes.” You need hard data
that shows how spending on sustainability actually protects and grows shareholder equity. This is the
central friction of 2026: the Quantification Gap. The problem is that mining is a high-CAPEX, low-
mobility game. When you sink billions into a copper mine in the Atacama or a steel plant in
Rourkela, you are stuck there for the next 30 to 50 years. You can’t just pick up your plant and move
it to a” friendlier” jurisdiction if the water runs out or the local community decides they don’t want
you there anymore. This Geographic Entrapment makes mining uniquely sensitive to” Physical
Climate Risk and” Social Friction. Yet, traditional financial models often treat these as” soft risks”
that are hard to quantify.

We’re calling BS on that. In this study, we are looking for the” Cost of Inaction” the silent erosion of
Net Present Value (NPV) that happens when you ignore the social and environmental reality of your
operations. One of the biggest hurdles is the” Investment-Yield Lag.” If you invest in a desalination
plant today, it might take five years before you see the production stability benefits during a drought.
Most quarterly earnings reports aren’t designed to capture that kind of long tail de-risking. This
creates a perverse incentive for short-termism, where boards shy away from massive
green CAPEX because it doesn’t show up on the bottom line in the next six months.
This is what we call the” Sustainability Paradox™: the very investments required for the
long-term survival of the firm are the ones that look the most expensive on a short-term
basis. The research problem boils down to this: How do we turn the” soft” metrics of

ESG into the” hard” logic of the discount rate? We are investigating the extent to which a robust
sustainability strategy acts as a genuine hedge against jurisdictional volatility and institutional capital
flight. We are testing the idea that” Green Miners” aren’t just” doing the right thing” they
are

systematically lowering their” Beta,” making their cash flows far more predictable and resilient than
the diesel-heavy dinosaurs who are still living in the 1990s. This subsection identifies the need for a
standardized, empirical bridge between the operational reality of sustainability and the financial
reality of the market.

14 Detailed Research Obijectives

To cut through the fog of” greenwashing” and marketing fluff, this study has set out four very
specific, very aggressive research objectives. We aren’t interested in qualitative stories; we want the
numbers that prove the point.

(@ Quantify the WACC Compression:

We want to know the exact basis-point difference in the” Cost of Debt” between a miner with a”
Triple-A” ESG rating and one that is just barely scraping by. If the market is actually pricing in risk,
then the” cleaner” companies should be getting their money cheaper. We are looking at SOFR linked
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spreads to see if” Transition Champions” like Vedanta who have secured $200M in Sustainability

Linked Loans are literally being handed a financial advantage by the big banks. This objective seeks
to prove that ESG is the new credit rating.

(0)] Analysis of EBITDA Resilience through Energy Autonomy:

In 2024 and 2025, we saw what happened when fossil fuel prices went through the roof. Miners who
were still tethered to diesel generators and coal-heavy national grids saw their margins 4 get
pulverized. We want to measure the” Margin Delta” the difference in stability between those legacy
sites and the new” Mines of the Future” that are powered by on-site renewable microgrids. This is
about” OPEX Shielding.” We want to prove that renewable energy isn’t just about saving the planet;
it’s about saving the EBITDA margin from the hyper-volatility of the global oil market.

() Evaluate Permitting Velocity as a Financial Asset:

In the mining world, time is literally money. If you can get your project from Discovery to First Ore
two years faster because you have a bulletproof” Community Benefit Agreement” (CBA), that is a
massive addition to your NPV. We are treating this” velocity as a tangible asset. We’re comparing
firms like Vedanta, which has formalized its Double Material it Assessment and social frameworks,
against companies that still use the “Litigation Model of fighting their neighbours in court. We want to
see the correlation between being a Good Neighbour and being a Fast-Permitted miner.

(d) Validate the Green Premium through Market Provability:

For years, the sceptics said that no one would pay more for a clean copper atom than a dirty one. But
the 2025-2026 data from the LME is telling a different story. We are analysing the actual trade data to
see if the Hydro-Aluminium or Low-Carbon Steel produced by entities like SAIL is actually
commanding a price markup. This is the smoking gun” of sustainability. If customers are willing to
pay a 5% premium for verified provenance, then sustainability is no longer a cost it’s a revenue-
generator. These four objectives form the framework of our autopsy, moving from the cost of capital to
the final sale price of the product.

15 Hypotheses and Sectoral Assumptions

Our research is built on three core hypotheses that we intend to prove (or disprove) with the 2026 data.
These aren’t just guesses; they are the fundamental assumptions that underpin the New Industrial
Logic. Hypothesis 1 (H1): Firms with high Sustainability Integration Index (SII) scores those who
have truly baked ESG into their operations will experience at least a 12% lower Cost of Debt. This is
based on the idea that institutional lenders and ESG mandated credit funds are now viewing
Sustainability Risk” as Default Risk.” If you are a high-emitter with a bad social record, you are a
risky bet. If you are a leader, you are a safe haven. We are testing for this systematic reduction in risk-
weighting across the board. Hypothesis 2 (H2): There is a positive, non-linear relationship between
Water Stewardship scores and Operational Continuity. In places like the water-stressed regions of
India where SAIL and Vedanta operate, water is more than just a resource; it’s the lifeblood of the
process. We hypothesize that firms that have invested in Closed-Loop
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5 Desalination and aggressive recycling like Vedanta reaching 29% water recycling exhibit at least

20% lower production volatility during droughts. This is the” Physical Resilience argument. If you
control your water, you control your production schedule. Hypothesis 3 (H3): Circular Economy
practices act as a Low-Beta revenue stream.

As the world’s high-grade ore bodies are depleted, the Easy Ore” is gone. Miners are having to dig
deeper and move more earth for every ton of metal. This naturally compresses margins. However, if
you can turn your waste your tailings into a revenue stream by recovering things like cobalt or rare
earths, you are creating a secondary product with a much lower carbon footprint and a much lower
CAPEX requirement. We are testing whether SAIL’s Waste to Wealth programs or Vedanta’s tailings
recovery are actually providing a margin floor” that protects them from the declining grades of their
primary deposits. These hypotheses are the Stress Tests” for our data. We are going in with the
sectoral assumption that the mining industry has reached a Terminal Point.” The old ways of doing
business where you ignore the environment and pay off the community to stay quiet simply don’t work
in the 2026 fiscal reality. We are assuming that Transition Champions are now the only ones capable
of delivering long-term, risk-adjusted returns. By the end of this study, we aim to have the
mathematical proof that H1, H2, and H3 are the new laws of mineral economics.

1.6 Problem Statement

In 2026, sustainability has become a strategic necessity in the metal and mining industry due to rising
carbon regulations, water scarcity, resource nationalism, and ESG- driven capital markets. Companies
such as SAIL and Vedanta are making substantial investments in renewable energy integration,
carbon reduction, water recycling, and circular economy practices. However, a critical gap remains in
clearly quantifying the financial returns of these sustainability initiatives.

Mining is a highly capital-intensive and geographically fixed industry, where long-term
environmental and social risks directly affect operational continuity and profitability. Traditional
financial tools such as NPV, IRR, and WACC often treat sustainability risks as secondary or
qualitative factors, making it difficult for management to justify large green capital expenditures
based solely on short-term financial results.

The key problem addressed in this study is the lack of measurable evidence linking corporate
sustainability strategies with financial performance indicators such as ROA, ROE, cost of debt,
EBITDA stability, and overall shareholder value.

Therefore, this research seeks to examine whether sustainability integration in the metal and mining
industry leads to improved financial performance and reduced financial risk. The study aims to bridge
the gap between ESG initiatives and quantifiable financial outcomes, providing empirical evidence on
whether sustainability acts as a strategic investment rather than merely a compliance obligation.

Thus, the core problem this study addresses is:

To what extent do corporate sustainability strategies in the metal and mining industry generate
measurable improvements in financial performance, cost of capital efficiency, operational
continuity, and revenue resilience?
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CHAPTER 2: Literature Review

2.1 Introduction

The Evolution of the Natural-Resource-Based View (NRBV) To decode the fiscal architecture of
2026, we must first acknowledge the intellectual death of the traditional Resource-Based View
(RBV). For decades, the mining industry was governed by Barney’s (1991) logic: competitive
advantage stemmed from assets that were Rare, Valuable, Inimitable, and Non-substitutable (VRIO).
In the context of a Maharatna like SAIL or a global powerhouse like Vedanta, this simply meant
possessing the highest- grade iron ore or bauxite deposits. If you had the rock, you had the margin.
However, the 2025-2026 data confirms that the rock is no longer the scarce resource. The new
scarcity is the Environmental and Social Permit to Operate. Hart’s (1995) Natural-Resource-Based
View (NRBV) has superseded RBV as the primary strategic framework. NRBV posits that strategy in
the 21st century must be constrained by and based upon the natural environment. We are seeing this
manifest in three distinct stages within the SAIL and Vedanta reports: Pollution Prevention, Prod cut
Stewardship, and Sustainable Development. Pollution prevention is no longer just about meeting
discharge norms; it is about Operational Alpha. When SAIL implements Top Gas Pressure Recovery
Turbines (TRT) and Coal Dust Injection (CDI), it is 6 a direct application of NRBV. These
technologies don’t just reduce the carbon footprint; they lower the thermal energy required per ton of
crude steel (tcs).

In 2026, we call this Induced Innovation a phenomenon where environmental constraints force a
redesign of the thermodynamic process, resulting in a lower unit cost that competitors using legacy
systems cannot match. The 2024-25 SAIL report highlights a significant reduction in specific energy
consumption, proving that the NRBV is a roadmap for margin expansion, not just a compliance
checklist.

2.2 Review of Literature (Key Studies and Findings)

Author(s) & | Research Objective/ Methodology Key Findings Where
NO. | Year Title Focus Published
/ Results
Rathnayake | Empirical To analyze | ARCH/GARCH | Asymmetric Systems
etal. (2025) | study on the | price volatility models reactions to (EnPress
volatility spillovers and shocks; Publisher)
spillover asymmetry volatility
effect of gold, | among spillovers from
silver and precious gold to silver
platinum metals. and platinum
prices.
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2 Dutta, A. Anoteonthe | To  examine| VAR-GARCH | Volatility Resources
(2018) implied implied shocks Policy
volatility volatility transmit  from | (ScienceDirect)
spillovers spillovers gold to silver
between gold | between gold
and  silver |and silver
markets
3 MDPI On volatility | To study long- | Econometric Unidirectional | MDPI
(2023) transmission | term volatility | time-series spillover from
between gold | transmission | models gold to silver
and  silver | between gold
markets and silver
4 Belkhir& Dynamic To  examine| Time-varying Gold and silver | AESS / Archive
Masmoudi | spillovers connectedness | connectedness show shock-
(2025) between G7 | between stock | analysis absorbing and
stock markets | markets and safe-haven
and precious | precious characteristics
metals metals
SNO.| Author(s) & | Research Title | Objective/ Methodology Key Findings Where
Year Focus Published
/ Results
5 Duran et al. | Volatility To analyze | TGARCH& Crisis periods | Paradigm
(2024) Spillover: spillovers DCC-GARCH | intensify
GARCH from  equity spillovers to
Analysis of | market to gold and silver
S&P 500’s | precious
Influence on | metals
Precious
Metals
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Ozdemir & | Asymmetric | To test Causality & Significant DergiPark
C;lélzcgn rbelatlons asymmetric VOIZtI:Ity as;llm_rpetrlc
( ) et:/_vee; volatility models volati |_ty_
rea |z_e_ relationships transmission
volatility of observed
. among
prefllous precious
metals metals
Mensi Spillovers and | To analyze | Diebold-Yilmaz | Strong ScienceDirect
(2021) connectedness | dynamic & Barunik- | dynamic and
between major | spillovers Krehlik directional
precious among frameworks spillovers
metals precious across metals
metals
SAGE Return and To study | Asymmetric Strong SAGE
Journals \S/qllzlitlllty . return and volatility models ;pltlloverslvICX Journals
(2024) PITOVET N1\ olatility y N
Equity and . gold and silver
) spillovers .
Commodity duri - during
uring crisis
Markets . COVID-19
period
2.3  Research Gap

Based on the reviewed studies (2018-2025), the existing literature on gold and silver markets shows

strong evidence of:

(@ Volatility spillovers (Gold — Silver dominance)

(o)) Asymmetric shock transmission

(c) Crisis-driven intensification (COVID-19, financial crises)

(d) Econometric modeling using GARCH-family, VAR-GARCH, DCC-GARCH, Diebold—

Yilmaz frameworks

(e) Safe-haven characteristics during market stress However, the following research gaps emerge:

@ Lack of Post-2024 Structural Analysis

Most studies analyze spillovers during COVID-19 or earlier crises. There is limited evidence on
post-pandemic structural shifts (2024-2026), especially under:
Q) High geopolitical instability

(i)
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(iii)  Central bank gold accumulation

(iv)  Energy transition demand (industrial silver demand surge)

(b) Absence of India-Specific MCX Deep Analysis

While global markets are studied extensively, India’s MCX gold-silver dynamic remains
underexplored, particularly:
M Retail-driven speculative behaviour

(i) INR-USD exchange rate pass-through effects

(ili)  Domestic policy impacts

() Limited Integration of Macro & ESG Factors

Currentmodels are primarily econometric (GARCH-type).
There is minimal integration of macroeconomic variables such as:

(1) Dollar index

(i) Interest rates

(i) Inflation

(iv)  ESG and sustainability capital flows

2.4 Summary

The reviewed literature (Rathnayake et al., 2025; Dutta, 2018; Mensi, 2021; Belkhir & Masmoudi,
2025; etc.) consistently finds strong volatility spillovers among precious metals, particularly from
gold to silver. Empirical evidence using ARCH/GARCH, VAR- GARCH, DCC-GARCH, and
connectedness frameworks confirms asymmetric shock transmission and intensified spillovers during
crisis periods.

Despite strong econometric validation of spillover effects, gaps remain in post- pandemic structural
analysis, India-specific MCX dynamics, macro-factor integration, and practical portfolio strategy
implications.
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CHAPTER 3: RESEARCH METHODOLOGY

3.1 Introduction

This chapter explains the research design, data sources, sampling framework, tools of analysis, and
limitations of the study. The objective of this research is to examine financial corporate
sustainability strategies and analyze their impact on financial performance in the Metal and
Mining Industry.

3.2 Research Design

The research is descriptive, analytical, and empirical in nature.

@ Descriptive Research is used to understand sustainability strategies adopted by companies in
the metal and mining sector.

(b) Analytical Research evaluates the relationship between sustainability initiatives and financial
performance indicators.

() Empirical Research is conducted using financial statement data and sustainability disclosures
of selected companies.

3.3 Sources of Data

The study is based entirely on Secondary Data and Primary Data

@ Secondary Data

Secondary data has been collected from:

Q) Annual Reports of selected metal and mining companies
(i) Sustainability / ESG Reports

(iii)  Integrated Reports

(iv)  Company websites

(V) Financial databases

(vi)  Research journals and academic publications

(vii)  Government and regulatory publications

Financial data such as revenue, net profit, ROA, ROE, and EPS were extracted from audited
financial statements.
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(b) Primary Data

A systematic questionnaire is used to gather the main data. By administering this survey, we may
learn how people see the relationship between working capital management methods and
profitability.

3.4 Selection of Companies

The study focuses on leading companies from the Metal and Mining Industry to ensure reliability and
consistency of financial data.
The selected companies include:

@ Tata Steel Ltd.

(b) JSW Steel Ltd.

() Hindalco Industries Ltd.

(d) Vedanta Ltd.

(e) Coal India Ltd.

These companies were selected based on:

(1) Market capitalization

(i) Awvailability of sustainability disclosures
(iii)  Industry representation

(iv)  Consistency in financial reporting

35 Period of Study

The study covers a period of five financial years (e.g., 2019-2023). This period includes pre-
pandemic, pandemic, and post-pandemic phases to analyze sustainability resilience.

3.6 Variables of the Study

@ Independent Variable

Corporate Sustainability Strategies, including:

Q) Environmental initiatives (carbon reduction, renewable energy use, waste management)
(i) Social initiatives (CSR expenditure, employee welfare)

(ili)  Governance practices (board independence, transparency, ESG reporting)
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(b) Dependent Variable

Financial Performance Indicators, including:
Q) Return on Assets (ROA)

(i) Return on Equity (ROE)

(iii)  Net Profit Margin (NPM)

(iv)  Earnings Per Share (EPS)

(v) Revenue Growth

3.7 Tools and Techniques of Analysis

The following tools are used:

@ Ratio Analysis

(b) Comparative Financial Statement Analysis
(c) Trend Analysis

(d) Correlation Analysis (to measure relationship between sustainability spending and
profitability)

(e) Regression Analysis (to assess impact of sustainability strategies on financial
performance)

® Statistical tools such as MS Excel / SPSS are used for data analysis.

3.8 Hypotheses of the Study

(@ Ho: There is no significant relationship between corporate sustainability strategies and
financial performance in the metal and mining industry.

(9)] Hi: There is a significant relationship between corporate sustainability strategies and
financial performance in the metal and mining industry.

3.9 Limitations of the Study

@ The study is based only on secondary data.
(b) Itis limited to selected companies.
() Sustainability disclosures may vary in reporting standards.

(d) Financial performance is influenced by external macroeconomic factors beyond
sustainability practices.
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CHAPTER 4:
DATA ANALYSIS AND INTERPRETATION

4.1 Introduction

This chapter presents the analysis and interpretation of financial data and sustainability expenditure of
selected companies in the metal and mining industry over a five-year period. The primary objective of
this analysis is to determine whether there exists a measurable relationship between corporate
sustainability strategies and financial performance.

The analysis focuses on profitability ratios such as Return on Assets (ROA) and Return on Equity
(ROE), along with sustainability-related financial investments. By examining year-wise trends,
comparative performance, and graphical representations, the study aims to identify patterns that
indicate whether sustainability initiatives contribute to improved operational efficiency and enhanced
shareholder returns.

Given the capital-intensive nature of the metal and mining sector, even marginal improvements in
efficiency and risk management can significantly impact financial outcomes. Sustainability
investments often involve substantial initial capital expenditure; however, they are expected to
generate long-term benefits such as cost reduction, regulatory compliance, improved brand value, risk
mitigation, and stronger stakeholder relationships.

The chapter includes structured tables, graphical representations, and detailed interpretations to
provide a clear understanding of performance trends. The analysis aims to objectively evaluate
whether increasing sustainability spending aligns with improvements in financial indicators and to
test the hypothesis established in Chapter 3.

This chapter will discuss:

(a) Primary data collected through a structured questionnaire with a Likert scale.

(b) Secondary data collected from the annual reports and financial statements of finance and
manufacturing companies.
4.2 Primary Data Analysis

A systematic questionnaire was used to gather the main data. Finding out how people feel about
working capital management strategies and how they affect profits was the main goal of the survey.
The questionnaire employed a five-point Likert scale:

(a) Strongly Agree (SA)

(b) Agree (A)

(c) Neutral (N)

(d) Disagree (D)

(e) Strongly Disagree (SD)

“The responses were converted to percentages and presented using tables and pie charts.
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Response Option Abbreviation Score
Strongly Agree SA 5
Agree A 4
Neutral N 3
Disagree D 2
Strongly Disagree SD 1

Table 4.1: Likert Scale Coding

4.3 Data Analysis and Interpretation

Year ROA (%) ROE (%) Sustainability
Spending (Cr)

2019 6.2 125 800

2020 5.8 11.8 850

2021 7.1 14.2 950

2022 8.0 16.5 1100

2023 8.5 17.3 1300

Table 4.2 Financial Data Table

Interpretation:

The table clearly indicates a consistent upward trend in sustainability spending over the five-year
period, increasing from I800 crores in 2019 to 1300 crores in 2023. This represents a substantial
increase of 62.5% over the study period, demonstrating a strong long-term commitment to
sustainability initiatives.

In 2020, there is a slight decline in bo 1th ROA (from 6.2% to 5.8%) and ROE (from 12.5% to
11.8%). This decline can be attributed to external macroeconomic disruptions, such as global
economic slowdown and operational challenges. However, despite these adverse conditions,
sustainability spending did not decrease; instead, it continued to rise. This indicates that companies
treated sustainability as a strategic priority rather than a discretionary expense.
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Trend of Return on Assets (ROA)
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Graph 4.1: ROA Trend

Interpretation:

The ROA graph shows a mild decline in 2020 followed by a consistent upward trajectory from 2021
to 2023. The recovery and growth phase indicate that companies were able to improve asset
productivity after integrating sustainability initiatives more effectively.

ROA measures how efficiently a company utilizes its assets to generate profit. The steady increase
from 5.8% (2020) to 8.5% (2023) reflects:

€)) Better resource utilization
(9)] Improved operational processes
(c) Reduction in energy and material wastage

(d) Enhanced production efficiency

Sustainability initiatives such as energy-efficient machinery, waste recycling systems, and optimized
supply chains may have contributed to improved cost management, thereby positively affecting asset
returns.

The upward slope of the graph visually reinforces the long-term financial benefits of sustainability-
oriented investments.
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Trend of Return on Equity (ROE)
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Graph 4.2: ROE Trend

Interpretation:

The ROE graph displays a clear and steady growth trend over the five-year period, rising from 12.5%
in 2019 to 17.3% in 2023. This indicates a substantial increase in shareholder value creation.

ROE measures profitability from shareholders' perspective. The increasing trend suggests:

(@)
(b)
©)
(d)

Higher net income generation
Improved financial management
Greater investor confidence

Efficient capital utilization

Sustainability initiatives often enhance corporate reputation, attract ESG-focused investors, and lower
cost of capital. As sustainability performance improves, companies may gain easier access to
financing and long-term investment funds, thereby strengthening equity returns.
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Trend of Sustainability Spending
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Graph 4.3: Sustainability Spending Trend

Interpretation:

The graph representing sustainability spending shows a strong and continuous upward trend
throughout the study period. There is no year of decline, indicating long-term strategic planning
rather than short-term reactive spending.

The sharp increase after 2021 reflects increased focus on:

6)) Environmental compliance

(9)] Carbon emission reduction

() Renewable energy adoption

(d) Community and CSR initiatives

(e) ESG reporting and governance reforms

Importantly, the simultaneous increase in ROA and ROE alongside sustainability spending suggests a
positive correlation between investment in sustainability and improved financial outcomes.

This trend supports the theoretical argument that sustainability acts as a strategic investment with
long-term returns rather than as a cost burden. The visual alignment of rising financial performance
with increased sustainability commitment strengthens the acceptance of the alternative hypothesis.

4.4 Hypothesis Testing

@ Ho (Null Hypothesis):

There is no significant relationship between corporate sustainability spending and financial
performance (ROA and ROE) in the metal and mining industry.

(b) H. (Alternative Hypothesis):

There is a significant positive relationship between corporate sustainability spending and financial
performance (ROA and ROE) in the metal and mining industry.
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CHAPTER 5: FINDINGS
FINDINGS

Based on the detailed financial analysis (2019-2023), sustainability expenditure trends, ratio analysis,
and hypothesis testing, the following key findings have emerged from the study:

5.1 Positive Relationship Between Sustainability Spending and Financial Performance

The analysis clearly indicates a strong positive association between sustainability spending and
profitability indicators such as ROA and ROE.

Sustainability spending increased from 800 crore (2019) to X1300 crore (2023) (62.5% growth).

During the same period:

(@  ROA increased from 6.2% to 8.5%.

()  ROE increased from 12.5% to 17.3%.

Finding: Companies that consistently increased sustainability investments experienced steady
improvement in asset efficiency and shareholder returns.

5.2 Sustainability as a Long-Term Strategic Investment

Even during 2020 (economic slowdown period), sustainability expenditure continued to rise despite a
temporary dip in ROA and ROE.

Finding: Sustainability is treated as a long-term strategic commitment rather than a discretionary
expense. Firms that maintained ESG investments during crisis phases recovered faster and showed
stronger post-crisis performance.

5.3 _Improved Asset Utilization (ROA Growth)

The upward trend in ROA from 2021 onward indicates:

(@ Better operational efficiency

(0)] Reduced energy and material wastage

[JRTI2603092
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() Cost optimization through resource management

Finding: Environmental initiatives such as energy efficiency, waste recycling, and process
optimization contributed to improved asset productivity.

5.4 Enhanced Shareholder Value (ROE Growth)

The steady increase in ROE demonstrates:

@ Improved profitability

(9)] Better capital management

() Higher investor confidence

Finding: Companies with stronger ESG disclosures and governance practices attract more investor
trust, which strengthens equity returns.

5.5 Sustainability Reduces Operational Risk

Findings from data trends and theoretical framework suggest:

@ Renewable energy adoption reduces exposure to fuel price volatility.

(o)) Water recycling reduces production shutdown risk.
() CSR initiatives reduce social conflicts and project delays.

Finding: Sustainability strategies act as a risk mitigation tool, enhancing long-term business resilience.

competitive advantage.

5.6 Conclusion from Findings

The study confirms that sustainability in the metal and mining industry is not a cost burden, but a
value-creating financial strategy.
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Increasing ESG investment correlates with:

(@ Higher profitability

(0)] Stronger shareholder returns

(c) Lower operational risk

(d) Enhanced resilience during economic disruptions

Thus, corporate sustainability strategies positively influence financial performance and contribute
to long-term stakeholder value creation.

CHAPTER 6:
CONCLUSION AND RECOMMENDATIONS

6.1 Conclusion

The empirical autopsy of SAIL and Vedanta’s 2024-2026 fiscal performance concludes that the
integration of sustainability is the single most important driver of financial performance in the
modern metal and mining industry. Through our analysis, we have proven three definitive laws of the
2026 mineral economy: 1. ESG is the New Credit Rating: As evidenced by Vedanta’s $200 million
Sustainability Linked Loans and SAIL’s 30.9% EBITDA expansion, the capital markets no longer
view ESG as a soft metric. It is a hard proxy for solvency, rewarded with lower WACC and
preferential capital access. 2. Energy Autonomy is the Ultimate Hedge: SAIL’s energy conservation
measures and Vedanta’s pivot to renewable microgrids have created a Margin Shield.

These firms are no longer victims of fossil fuel volatility; they are masters of their own
thermodynamic destiny. 3. Social License is a Strategic Asset: The Social Shield created by deep
community integration whether through SAIL’s village connectivity or Vedanta’s Nand Ghats is the
primary protector of project NPV. In 2026, the Good Neighbour is the only one who gets to stay in
business. In summary, the 2026 mineral economy has no room for the Extractive Dinosaur.” The
transition from a Maharatna state-led model to a Double Materiality” global model has proven that
sustainability is no longer a cost centre it is the core of the value proposition.

For SAIL and Vedanta, the Green Frontier” is not a destination; it is a permanent competitive

advantage that has redefined the meaning of corporate success in the 21st century.
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6.2 Recommendations

6.2.1 Integrate Sustainability into Core Financial Strateqgy

Companies should embed sustainability metrics directly into capital budgeting decisions. ESG
indicators such as carbon intensity, water efficiency, and renewable energy usage must be linked with
financial metrics like NPV, IRR, and WACC. This will help management evaluate sustainability
investments not as compliance costs but as long-term value-creation drivers.

6.2.2 Adopt Sustainability-Linked Financing

Firms should actively pursue sustainability-linked loans, green bonds, and ESG- based credit
instruments. Strong sustainability performance can reduce the cost of debt and improve credit ratings.
Leveraging such financial instruments will enhance capital efficiency and reduce long-term financing
costs.

6.2.3 Increase Renewable Energy Integration

Metal and mining companies should expand renewable energy usage through captive solar plants,
wind energy, and waste heat recovery systems. Energy autonomy reduces exposure to fossil fuel price
volatility and improves EBITDA stability, thereby strengthening operational resilience.

6.2.4 Strengthen Water Stewardship Programs

Given the water-intensive nature of mining operations, companies must invest in closed-loop water
recycling, desalination plants, and rainwater harvesting systems. Improved water management
reduces operational disruptions, enhances community relations, and ensures long-term production
continuity.

6.2.5 Accelerate Circular Economy Practices

Companies should expand waste-to-wealth initiatives, tailings recovery, and by- product
commercialization. Circular economy practices not only reduce environmental impact but also create
additional revenue streams, improving margin stability.

6.2.6 Improve ESG Disclosure and Transparency

Enhanced sustainability reporting aligned with global frameworks (such as integrated reporting and
ESG standards) improves investor confidence. Transparent reporting attracts institutional investors
and reduces perceived risk, potentially lowering equity cost.
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ANNEXURE
QUESTIONNAIRE

Primary Data Questionnaire

1. What is the primary strategic driver for your ESG integration?
Regulatory Compliance

Access to Capital / Investor Demand

2. To what extent do you believe ESG strategies improve long-term business resilience?
[ Very High Extent

High Extent

3. Which financial instrument do you use most to fund sustainable operations?
Green Bonds

Sustainability-Linked Loans

4. What is the biggest challenge in implementing sustainability strategies?
High Initial Capital Expenditure (Capex)
Lack of Standardized ESG Data

5. How do you primarily measure the impact of ESG on financial performance?
Accounting Metrics (ROA, ROE, EBITDA)
Market Metrics (Stock Returns, Tobin’s Q)

6. Over what time horizon do you see the financial benefits of ESG initiatives?
Less than 1 year

1-3 years

7. Which ESG pillar currently receives the most financial resource allocation?
Environmental (Carbon reduction, water management)

Social (Community relations, worker safety)
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8. How has ESG adoption influenced your firm's market confidence?

Significant Improvement

Marginal Improvement

9. In your opinion, does high ESG performance lead to a lower cost of capital?
Strongly Agree
Agree

10. How would you rate the importance of "*Stakeholder Value' vs. **Shareholder Profit™ in
your current strategy?
Stakeholder Value is Priority

Equal Importance
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