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Course Name: Environmental Science and Sustainability

Course Code: OL BBA MGT 217

Credits: 2

Teaching Scheme Evaluation Scheme (100 Marks)
Classroom Session | Practical /| Tutorials Internal Assessment (IA) | Term End
(Online) Group Work Examination

6+1=7 Sessions - - 30% (30 Marks) 70% (70 Marks)
Internal
Assessment Pattern: Assessment | Assessment Term End Examination
I II

Marks 15 15 70
Type MCQ MCQ MCQ — 49 Marks,

Descriptive questions — 21 Marks (7 Marks * 3

Questions)

Course Description:

This course introduces the multidisciplinary nature of environmental studies and the critical
issues surrounding climate change and environmental degradation. It explores the concept of
the Anthropocene and the Human Footprint, framing the urgent need for sustainability through
the Triple Bottom Line (TBL): Social, Environmental, and Economic dimensions. The course
also covers the essential Environmental Laws in India and the growing importance of the ESG

Framework in both Indian and global corporate best practices.
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Course Objectives:

1.

2.

To introduce the multidisciplinary nature of environmental studies, including its scope,
importance, and the extent of environmental degradation caused by human activities.
To explain key environmental challenges such as Global Warming, Ozone Layer
Depletion, Acid Rain, and the importance of Solid Waste Management.

To familiarize students with the concept of the Anthropocene as a geological time unit
and to quantify the Human Footprint in relation to global biogeochemical cycles.

To establish the rationale for sustainability by exploring the Triple Bottom Line (TBL)
framework, encompassing its Social, Environmental, and Economic dimensions.

To provide an overview of critical Environmental Laws in India, including the
Environment Protection Act, 1986, the Air and Water Acts, and the Energy
Conservation (Amendment) Act, 2022.

To introduce the ESG (Environmental, Social, and Governance) Framework in India
and illustrate best sustainability practices through case studies of leading Indian and
Global companies.

Course Outcomes:

1.

2.

COl: Students will be able to recall and identify the definition, scope, and importance
of environmental studies and the multidisciplinary nature of the field.

CO2: Students will be able to explain the processes of Global Warming, Ozone Layer
Depletion, and summarize the challenges of solid waste management.

CO3: Students will be able to apply the principles of the Triple Bottom Line (TBL) to
a business scenario to assess its social, environmental, and economic performance.
CO4: Students will be able to analyze the concept of the Anthropocene and distinguish
the various ways the human footprint impacts global biogeochemical cycles.

COS: Students will be able to formulate a basic outline of an ESG strategy for an
organization by integrating their understanding of Indian environmental laws and
global best practices.

CO6: Students will be able to critique the effectiveness of key environmental laws like
the Environment Protection Act, 1986 and evaluate the sustainability initiatives of
companies like Infosys and the Tata Group.

Pedagogy: Online Class, Discussion Forum, Case Studies, Quiz etc

Textbook: Self Learning Material (SLM) From Atlas SkillTech University

Reference Book:

1.

Smith, F. (2018). Environmental sustainability. Taylor & Francis.

2. Raven, P. H., Berg, L. R., & Hassenzahl, D. M. (2020). Environment (11th ed.).

Wiley.
Spira, S. (2021). Sustainability principles and practice (2nd ed.). Routledge.
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Course Details:

Unit | Unit Description

No.

1 Multidisciplinary nature of Environmental studies: Definition, Scope and Importance,
Human Activities and the Environment, Extent of Environmental Degradation.

2 Climate change and Climate risk: Global Warming, Ozone Layer Depletion, Acid Rain and
Its Impacts, Solid Waste Management.

3 Anthropocene and Human Impact: Concept of Anthropocene, Global Carbon and
Biogeochemical Cycles, Anthropocene as a Geological Time Unit, Human Footprint in the
Anthropocene.

4 Why be Sustainable?: The Triple Bottom Line (TBL), Social Dimension, Environmental
Dimension, Economic Dimension.

5 Environmental Law and ESG: Key Environmental Laws in India, Environment Protection
Act, 1986, Air Act (1981), Water Act (1974), and Hazardous Waste Rules (2016), Energy
Conservation (Amendment) Act, 2022, Overview of ESG Framework in India.

6 Best practices in Indian and Global companies: Infosys, Tata Group, EY — Expectations of
Citizens from Cities.

POCO Mapping

co PO | PO | PO | PO | PO | PSO | PSO | PSO | PSO | PSO | PSO | PSO | PSO
1 2 3 4 5 1 2 3 4 5 6 7 8

o 2 - 1 - - - - - - - - - 2

1
CcO

) 2 1 1 - - - - - - - - - 2
CSO 3 - 2 - 1 - - - 1 - 1 1 3
CcoO

4 2 1 - - - - - - - - - - 2
€O 3 1 3 - 2 - - - - - - 1 3
5
C6O 2 1 3 - 1 - - - 1 - - 1 3
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Unit 1: Multidisciplinary nature of Environmental studies

Learning Objectives

1.

Understand the scope and importance of environmental studies as an interdisciplinary field
integrating natural sciences, social sciences, and humanities.

Identify the key components of the environment (physical, biological, and socio-cultural) and
explain how they interrelate within ecological and human systems.

Examine the contribution of different disciplines—such as biology, chemistry, geography,
economics, sociology, and political science—in addressing environmental challenges.

Analyze the interconnections between human activities and environmental issues, including
pollution, resource depletion, climate change, and biodiversity loss.

Evaluate the role of environmental studies in sustainable development, highlighting its
importance in policy-making, planning, and community participation.

Develop critical thinking skills to assess environmental problems from multiple perspectives and
propose integrated solutions.

Appreciate the need for holistic and multidisciplinary approaches in understanding and solving

contemporary environmental issues.

Content

1.0
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8

Introductory Caselet

Definition, Scope and Importance
Human Activities and the Environment
Extent of Environmental Degradation
Summary

Key Terms

Descriptive Questions

References

Case Study
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1.0 Introductory Caselet

"Greentopia’s Sustainable Turn"

Greentopia is a small but rapidly growing country with beautiful forests, fertile land, and a long coastline.
To improve its economy, the government encouraged new industries, expanded agriculture, and built big

cities. At first, this seemed like progress—jobs increased, trade grew, and people had better living standards.

But soon, problems started showing up. Forests were being cut down, rivers became polluted with industrial
waste, and rising traffic in cities led to poor air quality. Farmers noticed that soil fertility was decreasing,
and fishermen found fewer fish near the coast. At the same time, doctors reported more cases of respiratory

diseases, and sociologists noted growing conflicts between communities over water resources.

Greentopia’s leaders realized these issues could not be solved by one field of study alone. They needed
insights from biology to understand ecosystems, chemistry to study pollution, economics to plan resource
use, sociology to address community needs, and political science to create fair policies. By bringing
together knowledge from different disciplines, they developed an integrated environmental plan—
protecting forests, introducing clean technologies, promoting sustainable farming, and educating citizens

about eco-friendly lifestyles.

This holistic approach helped Greentopia balance development with environmental protection, ensuring a

healthier future for its people and ecosystems.

Critical Thinking Question

Why was it necessary for Greentopia to use a multidisciplinary approach to solve its environmental

problems, and what might have happened if they had relied only on one discipline?
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1.1 Definition, Scope and Importance
1.1.1 Definition of Environmental Studies

Environmental Studies is defined as a systematic and interdisciplinary field of study that focuses on the
relationship between humans and the natural environment. It does not restrict itself to a single discipline
but integrates multiple fields—such as ecology, chemistry, sociology, economics, law, and ethics—to create

a comprehensive understanding of environmental issues.
Key aspects of this definition include:

o Interdisciplinary Approach: Environmental problems are not purely scientific, social, or
economic; they are interconnected. For example, air pollution involves chemistry (composition of
pollutants), biology (impact on health and ecosystems), economics (cost of pollution control), and

political science (laws and policies).

o Holistic Perspective: Environmental Studies seeks to view issues in their entirety rather than in
isolation. Deforestation, for instance, is not just about losing trees; it affects climate, biodiversity,

cultural values, and the economy.

o Applied Orientation: The field is not only about theoretical knowledge but also about applying it
to solve real-world problems such as water scarcity, waste management, and renewable energy

development.

Thus, Environmental Studies may be understood as a comprehensive discipline that links knowledge with

action for the preservation of ecosystems and human well-being.

1.1.2 Scope: Natural Sciences, Social Sciences, and Humanities

The scope of Environmental Studies is vast because environmental issues span across different domains of

human knowledge and activity. The major categories are:

(a) Natural Sciences

Natural sciences provide the foundation of scientific knowledge needed to understand the structure,

functions, and dynamics of the natural environment.
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e Biology: Explains living organisms, ecosystems, food chains, biodiversity, and the role of species
in maintaining ecological balance. For example, studying mangroves helps us understand coastal

protection and biodiversity conservation.

e Chemistry: Helps analyze pollutants, understand chemical cycles (carbon, nitrogen, phosphorus),
and study the chemical properties of soil, water, and air. For example, chemistry is used to test water

quality or study acid rain.

o Physics: Explores energy resources, climate dynamics, sound and radiation pollution, and

renewable technologies such as solar panels and wind turbines.

e Geology: Provides knowledge about earth materials, minerals, soil formation, groundwater, fossil

fuels, and natural disasters such as earthquakes and volcanoes.

Contribution: Natural sciences explain how the environment works, how human activities disturb it, and

how science can be applied to minimize negative impacts.

(b) Social Sciences

Social sciences study human societies, behaviors, and institutions, focusing on how humans interact with

the environment.

o Economics: Analyzes the allocation of scarce resources, cost-benefit analysis of environmental
protection, and development of green economies. For example, cost analysis of pollution control

technologies helps governments decide on investments.

e Sociology: Studies social behavior, community practices, population growth, and cultural norms
related to the environment. For example, it examines how urbanization increases waste generation

and resource demand.

o Political Science: Examines laws, regulations, governance structures, and international agreements
(e.g., Paris Agreement on climate change). It also deals with the role of governments and NGOs in

conservation efforts.

o Anthropology: Studies traditional ecological knowledge, indigenous practices of resource use, and
cultural perspectives on nature. For example, tribal communities often have sustainable practices

that can inspire modern environmental management.

Contribution: Social sciences explain why people behave as they do toward the environment and provide

tools for designing fair, effective, and socially acceptable policies.
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(¢) Humanities
Humanities contribute the ethical, cultural, and value-based dimensions of environmental understanding.

o Philosophy: Develops frameworks of environmental ethics, such as anthropocentrism (human-
centered), ecocentrism (nature-centered), and deep ecology. These guide moral responsibility

toward nature.

o History: Helps analyze how past civilizations interacted with their environment and what lessons
can be learned. For example, the collapse of the Mayan civilization is linked to overexploitation of

natural resources.

o Literature and Arts: Highlight environmental issues through creative expression. Poems, novels,

films, and art raise awareness and inspire emotional connections with nature.

Contribution: Humanities emphasize values, awareness, and ethical choices that influence how societies

treat the environment.

1.1.3 Importance for Sustainable Development

Environmental Studies has become critical in the 21st century as human activities exert unprecedented

pressure on natural systems. Its importance can be described in the following dimensions:
1. Understanding Complex Problems

o Provides knowledge of environmental issues such as global warming, biodiversity loss,

desertification, ozone depletion, and pollution.

o Helps in understanding both natural processes (e.g., climate cycles) and human-driven

changes (e.g., industrial emissions).
2. Resource Management
o Guides the responsible use of resources such as forests, minerals, energy, and water.

o Promotes conservation strategies like rainwater harvesting, reforestation, and renewable

energy adoption.

3. Policy and Law Formation
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o Assists governments in formulating environmental laws, such as the Environmental

Protection Act, and international agreements like the Kyoto Protocol.
o Provides a framework for environmental governance at local, national, and global levels.
4. Environmental Awareness and Education

o Encourages citizens to adopt eco-friendly practices like recycling, energy conservation, and

responsible consumption.

o Promotes education programs in schools and universities that create environmentally

responsible future leaders.
5. Equity and Social Justice

o Addresses issues of environmental inequality, where marginalized communities often bear

the brunt of environmental degradation.

o Promotes the concept of environmental justice, ensuring fair distribution of resources and

responsibilities.
6. Technological Innovation

o Stimulates research in renewable energy, waste-to-energy technologies, biofuels, eco-

friendly construction, and sustainable agriculture.
o Encourages cleaner production methods that reduce ecological footprints.
7. Global Cooperation

o Highlights that environmental issues like climate change, biodiversity loss, and ocean

pollution are global in nature.

o Encourages international collaboration and treaties to solve cross-border environmental

challenges.
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Understanding Global
Complex Policy and Law Equity and Social Cooperation
Problems Formation Justice _ )

Fostering collaboration
Analyzing and addressing Creating and enforcing Ensuring fair distribution among nations to
multifaceted challenges regulations that support of resources and address global

for effective solutions. sustainable practices. opportunities for all. challenges.

G —

7

g@g// ST

Resource Environmental
Management Awareness and
Efficiently utilizing Education Developing and
resources to ensure long- implementing new
term availability and Promoting knowledge technologies to enhance
sustainability. and understanding of sustainability.

environmental issues.

Figure 1.1

1.1.4 Linkages with Public Policy and Global Agendas (SDGs, Climate Agreements)

Environmental Studies is not limited to academic understanding; it is directly linked to public policy and
global agendas. Since environmental problems extend beyond local and national boundaries, they require

governance structures, international cooperation, and global commitments.

(a) Linkages with Public Policy

Public policy refers to the laws, regulations, and programs formulated by governments to address societal
issues, including environmental concerns. Environmental Studies provides the scientific knowledge, social

understanding, and ethical framework that guide such policies.
o National Environmental Policies

o Many countries have national policies focusing on conservation, pollution control,

renewable energy, and sustainable resource use.
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o Example: India’s National Environment Policy (2006) emphasizes ecological conservation,

pollution reduction, and sustainable livelihoods.

e Environmental Laws and Regulations

o Legal frameworks such as the Environment Protection Act (1986) in India, the Clean Air Act

in the U.S., and the EU Water Framework Directive are directly informed by environmental

studies research.

o Such laws regulate emissions, control waste, and protect forests, biodiversity, and water

resources.

e Role of Governance and Institutions

o Ministries of Environment, Environmental Protection Agencies (EPA), and Pollution

Control Boards rely on scientific data to design and implement policies.

o Public participation and community-based resource management are also integrated into

policies for effective governance.

Connection: Environmental Studies provides the evidence and frameworks for designing policies that

balance economic growth with environmental sustainability.

) U [

Environmental Role of
Laws and Governance
Regulations and Institutions
Framework for Legal basis for Facilitates
sustainable enforcing coordination and
development and environmental accountability in
environmental standards and environmental
protection. compliance. management.
Figure 1.2

(b) Linkages with Global Agendas
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Because environmental issues such as climate change, biodiversity loss, and pollution are global in nature,
international cooperation is essential. Environmental Studies contributes to the knowledge base and ethical

justifications for global agreements.
1. The Sustainable Development Goals (SDGs)

e The United Nations 2030 Agenda for Sustainable Development (adopted in 2015) includes 17

SDGs that are deeply connected to the environment.
o Key environment-related goals include:

o SDG 6: Clean Water and Sanitation
o SDG 7: Affordable and Clean Energy
o SDG 11: Sustainable Cities and Communities
o SDG 12: Responsible Consumption and Production
o SDG 13: Climate Action
o SDG 14: Life Below Water
o SDG 15: Life on Land

o Environmental Studies equips policymakers, researchers, and communities with the tools to achieve

these goals through integrated planning and monitoring.
2. Climate Agreements

o Paris Agreement (2015): A legally binding treaty under the UNFCCC where countries committed
to limiting global warming to below 2°C, preferably 1.5°C. Environmental Studies provides the
scientific data (e.g., greenhouse gas emissions, carbon budgets) and policy strategies for

implementation.

o Kyoto Protocol (1997): Established legally binding targets for reducing greenhouse gas emissions

among developed countries.

e Montreal Protocol (1987): Focused on phasing out ozone-depleting substances such as CFCs,

showing how international cooperation can successfully address environmental crises.

e Conference of the Parties (COP) meetings: Annual gatherings under the UNFCCC where
countries negotiate and review climate actions (e.g., COP27 in Egypt, COP28 in UAE).

3. Biodiversity and Ecosystem Agreements
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e Convention on Biological Diversity (CBD, 1992): Aims to conserve biodiversity, ensure

sustainable use, and promote equitable sharing of genetic resources.

e Convention on International Trade in Endangered Species (CITES): Regulates trade in wildlife

to prevent overexploitation.
o Ramsar Convention on Wetlands (1971): Protects wetlands of international importance.

Connection: These agreements translate environmental knowledge into international action, where
Environmental Studies provides the theoretical, scientific, and ethical foundation for negotiations and

commitments.

(c) The Integrative Role of Environmental Studies

e Links local environmental concerns (pollution, deforestation, waste) to national policies (laws,

regulations, conservation strategies).

o Connects national policies to global agendas such as SDGs, Paris Agreement, and biodiversity

conventions.

e Provides the scientific evidence, policy tools, and ethical principles needed for governments,

organizations, and citizens to act collectively.

Divide students into three groups: Public Policy, SDGs, and Climate Agreements. Each group
research how Environmental Studies influences their assigned area. They must present one example
(law, SDG goal, or climate treaty) and explain its significance. Afterwards, discuss how local issues

connect with global agendas.

1.2 Human Activities and the Environment
1.2.1 Agriculture, Industrialization, and Urbanization
Agriculture

e Traditional Agriculture: Historically, agriculture relied on organic manure, crop rotation, and

natural pest control, maintaining ecological balance.
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e Modern Agriculture: Post-Green Revolution, practices shifted toward mechanization, high-yield
seeds, chemical fertilizers, and pesticides. While food production increased dramatically,

environmental stress also rose.
Environmental Impacts:

1. Soil Degradation — Overuse of fertilizers reduces natural fertility, while pesticides poison soil

microorganisms.
2. Water Stress — Excessive irrigation depletes groundwater and causes waterlogging and salinization.
3. Biodiversity Loss — Monocropping eliminates genetic diversity in crops and damages ecosystems.

4. Climate Effects — Methane from paddy fields and livestock contributes to greenhouse gas

emissions.

Example: In Punjab (India), the Green Revolution boosted wheat and rice production but led to groundwater

depletion, chemical pollution, and soil fatigue.

Industrialization

o Industrialization spurred economic progress, job creation, and urban growth. However, unregulated

industrial activity harms air, water, and soil quality.
Environmental Impacts:
1. Air Pollution — Factories release smoke, carbon monoxide, sulphur dioxide, and nitrogen oxides.

2. Water Pollution — Discharge of industrial effluents into rivers and lakes contaminates aquatic

ecosystems.
3. Land Contamination — Toxic waste disposal and heavy metals pollute soil.

4. Health Hazards — Respiratory diseases, cancer, and occupational hazards increase near industrial

zones.

Example: The Bhopal Gas Disaster (1984) exposed the dangers of industrial negligence, killing thousands

and contaminating the environment for decades.

Urbanization
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Urbanization occurs as rural populations migrate to cities for employment and better opportunities.

Although cities stimulate economic growth, they are also centers of intense resource consumption.

Environmental Impacts:

1.

2.

Loss of Natural Land — Forests, wetlands, and agricultural land are converted into urban spaces.
Waste Generation — Municipal solid waste and sewage overwhelm management systems.
Air Quality Decline — Vehicular emissions and industrial activities worsen urban smog.

Urban Heat Islands — Concrete structures absorb and retain heat, raising city temperatures

compared to rural areas.

Example: Delhi, India, faces critical air pollution due to population density, vehicles, and construction

activity, leading to frequent smog episodes.

1.2.2 Deforestation, Mining, and Land Use Change

Deforestation

In India, deforestation occurs mainly due to agricultural expansion, logging for timber, urbanization, and

large-scale infrastructure projects such as highways, dams, and industrial corridors. While these activities

contribute to economic development, they cause severe ecological disruptions and social challenges. The

major impacts include:

Biodiversity Loss — Forest destruction leads to the disappearance of species, particularly endemic
flora and fauna. In the Western Ghats and Northeast India, shrinking habitats have placed many

species at risk of extinction.

Climate Change — Forests act as vital carbon sinks. Their removal increases atmospheric COs-,

contributing to global warming and erratic monsoons across the subcontinent.

Soil Erosion — Tree cover loss exposes soil to erosion, reducing agricultural productivity and

increasing siltation in rivers and reservoirs.

Hydrological Disruptions — Deforestation alters rainfall distribution, reduces groundwater

recharge, and heightens desertification risks in semi-arid regions.

Example: In the Western Ghats, deforestation for plantations (tea, coffee, rubber) and projects like

highways and power plants has triggered soil erosion, biodiversity decline, and frequent landslides, as
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observed during the Kerala floods of 2018. Similarly, in Northeast India, shifting cultivation (jhum) and

commercial logging have fragmented forests and undermined the livelihoods of tribal communities.

Mining
Mining is a cornerstone of India’s economy but comes with high ecological and social costs. Activities such

as coal, bauxite, iron ore, and sand mining often occur in biodiversity-rich areas. The impacts include:

e Land Degradation — Open-pit and strip-mining strip away vegetation and fertile soil, leaving

degraded landscapes.

o Pollution — The use of toxic substances like mercury and cyanide in mineral extraction contaminates

soil and water, while coal mining contributes to severe air pollution.

o Displacement of Communities — Mining projects frequently displace indigenous groups, eroding

their cultural identity and livelihoods.

o Health Hazards — Dust, polluted water, and toxic waste exposure lead to respiratory illnesses, skin

diseases, and waterborne infections.

Example: In Jharkhand and Odisha, coal mining has caused large-scale deforestation, water
contamination, and the displacement of tribal groups such as the Santhal and Munda. Additionally,
rampant illegal sand mining in states like Uttar Pradesh, Haryana, and Kerala has degraded riverbeds,

disrupted aquatic ecosystems, and intensified flooding risks by disturbing natural river flows.

Land Use Change

Rapid urbanization, industrial expansion, and agricultural intensification are reshaping India’s landscapes.
Forests, wetlands, and grasslands are increasingly converted into built-up areas and monoculture farms,

reducing ecological resilience. The consequences are:

o Habitat Fragmentation — Expanding roads, industrial corridors, and cities cut through natural

ecosystems, isolating wildlife and hindering migration.

e Loss of Ecosystem Services — Natural systems such as wetlands regulate floods, recharge
groundwater, and maintain soil fertility. Their degradation reduces agricultural sustainability and

increases disaster risks.
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e Reduced Climate Resilience — Altered landscapes are less capable of withstanding floods,

droughts, and extreme weather events.

Example: In Chennai, the large-scale conversion of wetlands into real estate projects severely impaired
natural drainage, contributing to the devastating floods of 2015. Similarly, the construction on Yamuna

floodplains in Delhi has heightened urban flooding and waterlogging during heavy monsoons.

1.2.3 Transportation, Energy Consumption, and Emissions

Transportation

Transportation is the backbone of India’s economy, but its dependence on fossil fuels such as petrol and
diesel has created significant environmental challenges. The rapid growth in private vehicles, combined
with limited public transport infrastructure in many cities, has worsened pollution, congestion, and

ecological impacts. The key consequences include:

e Air Pollution — Vehicles emit carbon dioxide (CO-), nitrogen oxides, hydrocarbons, and particulate

matter, worsening urban air quality.

o Noise Pollution — Traffic congestion, honking, and high vehicle density contribute to noise levels

that affect human health (stress, hearing loss) and disturb urban wildlife.

e Land Use Impacts — Road construction fragments natural ecosystems, accelerates deforestation,

and increases encroachment into sensitive habitats.

Example: In Delhi, vehicular emissions are a primary driver of hazardous winter smog, which blankets the
city each year due to temperature inversion and crop residue burning in nearby states. In Mumbai, with
more than 4 million registered vehicles, chronic traffic congestion and persistent honking make it one of
the noisiest urban centers in the world. Similarly, cities like Bengaluru face worsening air quality due to

rapid motorization and inadequate mass transit alternatives.

Energy Consumption

Energy is fundamental to India’s industrial, household, and transport needs, but unsustainable reliance on
fossil fuels continues to drive greenhouse gas emissions. Despite rapid progress in renewable alternatives,

India’s energy system faces challenges of scale and equity. Major issues include:
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e Fossil Fuel Dependence — Coal, oil, and gas dominate India’s energy mix, with thermal power
plants accounting for nearly 70% of electricity generation, emitting large quantities of CO: and

particulate matter.

o Renewable Alternatives — Solar, wind, hydro, and biomass are being promoted under national
initiatives, yet face technological hurdles such as intermittency, storage, and high upfront

infrastructure costs.

e Energy Inequality — While urban-industrial clusters consume large amounts of power, many rural
households still experience unreliable or limited electricity access, reflecting unequal energy

distribution.

Example: Coal-based power plants in Jharkhand, Chhattisgarh, and Madhya Pradesh are among the
largest contributors to India’s CO: emissions. Meanwhile, Rajasthan and Gujarat have emerged as
renewable energy leaders under the National Solar Mission, with large-scale solar parks and wind farms

showcasing India’s gradual transition toward sustainable energy pathways.

Emissions
Emissions from transportation, thermal power, and industries are among the leading contributors to climate

change and public health crises in India. Their impacts are far-reaching, both locally and globally:

e Global Warming — Increasing concentrations of CO- and methane intensify heatwaves, elevate

average temperatures, and disrupt monsoon patterns.

e Acid Rain — Emissions of sulphur dioxide (SO:) and nitrogen oxides (NOy) from coal-fired plants
and heavy industries combine with atmospheric moisture, damaging crops, corroding infrastructure,

and eroding monuments.

e Ozone Layer Protection — While India phased out chlorofluorocarbons (CFCs) in compliance with
the Montreal Protocol, industrial substitutes and rising greenhouse gases continue to stress

atmospheric stability.

Example: According to the Central Pollution Control Board (CPCB), transportation and coal-based
power generation are the top contributors to India’s carbon emissions. Cities such as Delhi, Kanpur, and
Varanasi frequently rank among the most polluted in the world, with dangerously high particulate matter
(PM2.5 and PM10) levels. This has led to widespread respiratory diseases, cardiovascular problems, and

premature mortality among urban populations.
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1.2.4 Population Growth, Lifestyles, and Consumerism
Population Growth
e Global population has crossed 8 billion (2022), increasing pressure on ecosystems.
Impacts:
1. Food and Water Demand — Expansion of agriculture and overextraction of freshwater.
2. Habitat Destruction — Encroachment into forests and wetlands for housing.
3. Waste and Pollution — Overburdened sanitation, sewage, and landfill systems.

Example: Population growth in sub-Saharan Africa strains water and food resources, intensifying

desertification.

Lifestyles

e Modern lifestyles emphasize comfort, convenience, and technology, often at the cost of the

environment.
Impacts:

1. High Energy Use — Air conditioning, personal vehicles, and electronic gadgets raise energy

demand.
2. Dietary Changes — High meat consumption drives deforestation for cattle grazing.
3. Water Use — Luxurious consumption patterns increase water stress.

Example: Per capita ecological footprint in the U.S. is several times higher than in developing countries

due to energy-intensive lifestyles.

Consumerism

e Driven by economic growth, advertising, and globalization, consumerism promotes excessive use

of goods and services.
Impacts:

1. Waste Generation — Plastics, e-waste, and fast fashion products overwhelm recycling systems.
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2. Resource Overuse — Overexploitation of forests, fisheries, and minerals.
3. Unsustainable Growth — Focus on short-term economic gain rather than long-term sustainability.

Example: Fast fashion industries generate massive textile waste and pollution while consuming enormous

water and energy resources.

Knowledge Check 1

Choose the correct option:

1. Which of the following is a major contributor of methane emissions in agriculture?
a) Fertilizers
b) Paddy fields
c¢) Crop rotation
d) Mixed farming
2. The Bhopal Gas Tragedy (1984) is associated with:
a) Air pollution
b) Nuclear accident
¢) Industrial disaster
d) Oil spill
3. Which of the following is an example of land use change?
a) Rainwater harvesting
b) Urban expansion
c¢) Organic farming
d) Wildlife sanctuary
4. Which greenhouse gas is most responsible for global warming?
a) Oxygen
b) Carbon dioxide
c¢) Nitrogen
d) Argon

1.3 Extent of Environmental Degradation

1.3.1 Air, Water, and Soil Pollution

Air Pollution
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Air pollution occurs when harmful substances such as gases, dust, or biological molecules are introduced

into the atmosphere in concentrations high enough to cause harm.
Major Sources:
o Combustion of fossil fuels (coal, oil, natural gas) in industries, power plants, and vehicles.
e Agricultural burning of crop residues.
e Deforestation and forest fires.
o Industrial emissions containing sulphur dioxide, nitrogen oxides, and heavy metals.
Key Pollutants:
e Carbon dioxide (CO:) — major greenhouse gas.
e Sulphur dioxide (SO:) — causes acid rain.
o Nitrogen oxides (NOy) — contribute to smog and ozone formation.
o Particulate Matter (PM2.5 and PM10) — fine particles that penetrate deep into lungs.
e Chlorofluorocarbons (CFCs) — responsible for ozone depletion.
Impacts:
o Human health: respiratory diseases, cardiovascular disorders, premature deaths.

e Environment: acid rain damages crops, forests, and monuments (e.g., Taj Mahal’s marble

discoloration).
o Climate: greenhouse gases trap heat, accelerating global warming.

Example: Delhi (India) regularly records Air Quality Index (AQI) levels in the “hazardous” category due

to vehicle exhaust, crop burning, and construction dust.

Water Pollution
Water pollution refers to contamination of rivers, lakes, groundwater, and oceans by harmful substances.
Major Sources:

o Industrial effluents (heavy metals, toxic chemicals).

o Domestic sewage (untreated waste water).



ATLAS

SKILLTECH
UNIVERSITY

e Agricultural runoff (pesticides, fertilizers, animal waste).
e Oil spills and plastic dumping in oceans.
Consequences:
e Eutrophication: excessive nutrients cause algal blooms, reducing oxygen and killing fish.
o Spread of disease: waterborne illnesses such as cholera, dysentery, and hepatitis.
o Loss of aquatic biodiversity: sensitive species perish in polluted waters.
e Economic damage: fisheries and tourism industries suffer.

Example: The Yamuna River in India receives massive untreated sewage, making parts of it unfit for

drinking or bathing.

Soil Pollution

Soil pollution is caused by deposition of hazardous substances into the earth’s surface, reducing its fertility

and affecting crop productivity.
Sources:
e Overuse of fertilizers and pesticides.
o Industrial waste and heavy metal deposition.
e Mining operations.
o Improper disposal of plastics and solid waste.
Impacts:
e Loss of soil fertility and productivity.
e Contamination of food crops, leading to bioaccumulation of toxins in humans.
e Soil erosion and desertification.
e Decline of soil biodiversity (worms, microbes).

Example: Punjab’s “green belt” has faced nitrate poisoning of soils due to overuse of chemical fertilizers

during the Green Revolution.
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1.3.2 Loss of Biodiversity and Habitat Destruction

Biodiversity refers to the variety of all living organisms on Earth, including genetic diversity, species

diversity, and ecosystem diversity. Biodiversity is declining at an alarming rate due to human actions.
Causes of Biodiversity Loss:

o Deforestation for agriculture, urban expansion, and logging.

o Habitat fragmentation through roads, dams, and mining.

o Pollution of air, water, and soil that alters habitats.

o Overexploitation such as overfishing, poaching, and illegal wildlife trade.

o Climate change altering species’ survival ranges.
Impacts:

1. Species Extinction: Many species have gone extinct (e.g., dodo, passenger pigeon). Others like

tigers, rhinos, and elephants are endangered.

2. Loss of Ecosystem Services: Pollination, water purification, flood regulation, and climate

stabilization are compromised.

3. Genetic Erosion: Traditional crop varieties and livestock breeds disappear, reducing resilience

against pests and climate change.
4. Cultural Loss: Indigenous knowledge and cultural practices linked to biodiversity vanish.

Example: Coral bleaching in the Great Barrier Reef (Australia) is destroying one of the world’s richest

marine ecosystems.

Did You Know?

“Every year, nearly 10 million hectares of forests—an area about the size of Iceland—are lost to
agriculture and development. Scientists estimate that species are going extinct at 1,000 times the
natural rate, largely due to habitat destruction. This rapid biodiversity loss threatens food security,

medicine, and ecosystem stability.”

1.3.3 Climate Change and Global Warming
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Climate Change

Refers to long-term alterations in Earth’s climate patterns caused by both natural forces and human

activities. Human-induced climate change is primarily due to greenhouse gas emissions.
Global Warming
Specifically refers to the increase in Earth’s average temperature due to the enhanced greenhouse effect.
Greenhouse Gases:
e Carbon dioxide (CO:) — from burning fossil fuels.
e Methane (CHa4) — from livestock, landfills, and rice paddies.
e Nitrous oxide (N20) — from fertilizers.
e CFCs — synthetic chemicals damaging ozone and trapping heat.
Impacts:

1. Rising Sea Levels — melting glaciers and ice caps submerge coastal areas and threaten island nations

like Maldives.
2. Extreme Weather Events — cyclones, hurricanes, floods, droughts, and wildfires intensify.
3. Food Security Risks — crop yields fall in heat-sensitive regions; pest invasions increase.
4. Human Health — increased spread of diseases such as malaria and dengue; heat-related deaths.
5. Ecosystem Disruption — migration of species, coral bleaching, and collapse of ecosystems.

Example: According to the IPCC, Earth’s average surface temperature has risen by about 1.1°C since pre-

industrial times, with severe impacts projected if warming exceeds 1.5°C.

1.3.4 Waste Generation and Resource Depletion
Waste Generation
Modern lifestyles and industrial development generate unprecedented amounts of waste.
Types of Waste:
e Municipal Solid Waste — household garbage, plastics, paper.

o Industrial Waste — toxic chemicals, heavy metals.
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o Biomedical Waste — syringes, medical disposals.
o E-Waste — discarded computers, mobiles, and electronics.
o Plastic Waste — persistent, non-biodegradable, and harmful to ecosystems.
Impacts:
o Landfills contaminate soil and groundwater.
e Incineration releases toxic fumes.
o Plastic waste in oceans kills marine animals and enters human food chains as microplastics.

Example: Global plastic production exceeds 350 million tons annually, with much of it polluting oceans.

Resource Depletion
Natural resources are finite, yet human consumption continues to rise at unsustainable rates.
Examples of Depletion:
o Forests — cleared for timber and agriculture.
o Water — groundwater aquifers depleting faster than recharge rates.
e Fossil Fuels — coal, oil, and gas reserves declining due to overuse.
o Fisheries — overfishing has collapsed many marine populations.
e Minerals — sand, rare earth elements, and metals are heavily mined.
Consequences:
o Scarcity of vital resources like water and food.
o Rising conflicts over resource access (e.g., water wars).
o Economic instability in resource-dependent regions.
o Threat to intergenerational equity, as future generations inherit depleted ecosystems.

Example: The Aral Sea shrank drastically in Central Asia because of excessive diversion of water for cotton

farming, leaving behind a desert and destroying fisheries.
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1.4 Summary

« Environmental Studies is interdisciplinary—it combines natural sciences, social sciences, and

humanities to understand human—environment interactions.

+«»+ Its scope includes scientific knowledge (biology, chemistry, geology), social perspectives (economics,

sociology, politics), and ethical-cultural aspects (philosophy, history, arts).

«» The importance of Environmental Studies lies in promoting sustainable development, guiding resource

management, and shaping environmental awareness.

« Environmental Studies is linked to public policies such as environmental laws, regulations, and

conservation programs at the national level.

¢ Italso connects with global agendas like the UN Sustainable Development Goals (SDGs) and climate

agreements (Paris Agreement, Kyoto Protocol, Montreal Protocol).

++ Human activities are central drivers of environmental change—agriculture, industry, and urbanization

increase food, energy, and infrastructure demands but often degrade ecosystems.

¢ Deforestation, mining, and land-use changes destroy habitats, reduce biodiversity, and destabilize

ecological processes such as water cycles and soil fertility.

«» Transportation and energy consumption are heavily dependent on fossil fuels, releasing greenhouse

gases and pollutants that worsen air quality and global warming.

< Population growth amplifies resource demand, while modern lifestyles and consumerism create waste,

intensify pollution, and enlarge ecological footprints.

«+» The extent of environmental degradation is visible in severe forms of air, water, and soil pollution,

affecting both human health and ecosystems.

¢ Loss of biodiversity and habitat destruction endanger species, reduce ecosystem services, and

accelerate extinction rates.

% Climate change and global warming are among the greatest threats, causing rising sea levels, extreme

weather, food insecurity, and health hazards.

«» Waste generation and resource depletion are growing challenges—plastic pollution, e-waste,

groundwater overuse, and fossil fuel exhaustion threaten sustainability and intergenerational equity.
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1.5 Key Terms

1. Environmental Studies — An interdisciplinary field that examines interactions between humans and

the environment using natural, social, and human sciences.

2. Sustainable Development — Development that meets present needs without compromising the ability

of future generations to meet their own needs.
3. Biodiversity — The variety of life forms on Earth, including species, ecosystems, and genetic diversity.

4. Deforestation — Large-scale clearing of forests for agriculture, industry, or urbanization, leading to

ecological imbalance.

5. Pollution — The introduction of harmful substances or energy into the environment, causing adverse

effects on life and ecosystems.

6. Climate Change — Long-term alterations in temperature, precipitation, and weather patterns, mainly

due to greenhouse gas emissions.

7. Resource Depletion — Exhaustion of natural resources due to overuse, unsustainable consumption, or

mismanagement.

8. Consumerism — A social and economic system that promotes excessive consumption of goods and

services, often harming the environment.

9. Ecosystem Services — Benefits humans receive from nature, such as clean water, pollination, climate

regulation, and soil fertility.

1.6 Descriptive Questions

1. Define Environmental Studies. Discuss its interdisciplinary nature with examples from natural

sciences, social sciences, and humanities.

2. Explain the scope of Environmental Studies and analyze how different disciplines contribute to

solving environmental challenges.

3. Why is Environmental Studies important for achieving sustainable development? Illustrate with

suitable examples.

4. Discuss the linkages between Environmental Studies and public policy. How do global agendas such

as the SDGs and climate agreements strengthen environmental protection?
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5. Describe the impacts of agriculture, industrialization, and urbanization on the environment. Suggest

sustainable practices to minimize their negative effects.

6. Explain how deforestation, mining, and land-use changes contribute to biodiversity loss and

ecological imbalance.

7. Examine the causes and consequences of climate change and global warming. How do these affect

ecosystems, agriculture, and human health?

8. Discuss the challenges of waste generation and resource depletion in the modern world. Suggest

strategies for effective waste management and resource conservation.

9. “Human population growth and consumerism are the root causes of environmental degradation.”

Discuss this statement with suitable examples.
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Answers to Knowledge Check
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Knowledge Check 1
1. b) Paddy fields
2. c¢) Industrial disaster
3. b) Urban expansion
4. b) Carbon dioxide
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1.8 Case Study

"Deforestation and the Amazon Crisis"

Introduction

Environmental management is a complex, multidisciplinary challenge that demands the integration of
science, policy, and community action. One pressing example is the Amazon rainforest, often called the
“lungs of the Earth,” which plays a vital role in global climate regulation and biodiversity conservation.
However, large-scale deforestation driven by agriculture, cattle ranching, mining, and urban expansion
has resulted in significant ecological imbalance. The issue highlights the urgent need for sustainable
practices that combine insights from natural sciences, social sciences, and humanities. This case study
explores the causes of deforestation, its consequences for biodiversity and climate, and practical

approaches for environmental protection.

Background

The Amazon spans across several South American countries and is home to more than 10% of the
world’s known species. Over the past few decades, rapid human activities—especially logging,
soybean cultivation, cattle ranching, and infrastructure development—have led to widespread habitat
destruction. Studies show that nearly 17% of the Amazon forest has been lost in the last 50 years,

pushing many species toward extinction.

Deforestation not only reduces biodiversity but also impacts local communities, including indigenous
peoples whose livelihoods and cultural traditions are deeply tied to the forest. Additionally, loss of tree
cover accelerates climate change by increasing carbon emissions, undermining global efforts such as

the Paris Agreement.

Problem Statement 1: Biodiversity Loss due to Deforestation

o Issue: Habitat destruction and fragmentation threaten species survival. Many plants, insects,

and large mammals (like jaguars and tapirs) face extinction.

e Solution: Establish protected areas and wildlife corridors, coupled with stricter anti-poaching

laws and conservation programs.
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MCQ:

What is the primary cause of biodiversity loss in the Amazon rainforest?
a) Overfishing

b) Habitat destruction

¢) Glacier melting

d) Urban transport

Answer: b) Habitat destruction

Problem Statement 2: Impact on Indigenous Communities

o Issue: Deforestation displaces indigenous tribes, eroding their cultural heritage and disrupting

traditional ecological knowledge.

e Solution: Strengthen indigenous land rights, promote community-based forest management,

and support eco-friendly livelihoods such as ecotourism.

MCQ:

Which approach best supports indigenous communities in the Amazon?
a) Expanding industrial mining

b) Protecting land rights

c¢) Encouraging mass urbanization

d) Promoting large-scale cattle ranching

Answer: b) Protecting land rights

Problem Statement 3: Contribution to Global Climate Change

o Issue: Amazon deforestation releases vast amounts of stored carbon, accelerating global

warming and undermining climate agreements.

e Solution: Implement reforestation projects, encourage sustainable agriculture, and strengthen

international cooperation under agreements like the Paris Accord.

MCQ:

How does Amazon deforestation mainly contribute to climate change?
a) By increasing volcanic activity

b) By reducing sunlight

¢) By releasing stored carbon
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d) By stopping rainfall

Answer: c) By releasing stored carbon

Conclusion

The Amazon case demonstrates how environmental degradation is multidimensional—affecting
biodiversity, human societies, and global climate simultaneously. Solutions require a multidisciplinary
approach: ecological conservation, policy reforms, social justice for indigenous groups, and

international cooperation. Only by integrating these perspectives can sustainable development be

achieved, preserving the Amazon for future generations.
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Unit 2: Climate change and Climate risk

Learning Objectives

1. Define and explain the concept of climate change and differentiate it from natural climate
variability.
2. Identify the key greenhouse gases and their sources, and explain their role in the greenhouse
effect and global warming.
3. Analyze the scientific evidence of climate change, including temperature rise, sea level changes,
melting glaciers, and extreme weather events.
4. Examine the social, economic, and ecological risks posed by climate change, such as threats to
agriculture, health, water security, and biodiversity.
5. Evaluate the global, national, and local responses to climate risks, including international
agreements (Paris Agreement, Kyoto Protocol) and national adaptation/mitigation policies.
6. Develop critical understanding of risk assessment approaches used to predict and manage
climate-related hazards like floods, droughts, and cyclones.
7. Promote sustainable practices and adaptive strategies that individuals, communities, and
governments can adopt to reduce vulnerability and build climate resilience.
Content
2.0  Introductory Caselet
2.1 Global Warming
2.2 Ozone Layer Depletion
2.3 Acid Rain and Its Impacts
2.4  Solid Waste Management
2.5 Summary
2.6 Key Terms
2.7  Descriptive Questions
2.8  References
2.9 Case Study

2.0 Introductory Caselet

"Solaris and the Climate Challenge"
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Solaris is a coastal country with fertile plains and a booming economy. Agriculture, fishing, and tourism
are the backbone of its prosperity. At first, everything seemed perfect—farmers harvested plenty of crops,

fishermen brought in abundant catches, and tourists came to enjoy the beaches.

But soon, Solaris noticed unusual changes. Summers were getting hotter, storms stronger, and rainfall
patterns unpredictable. Farmers complained of drought one year and floods the next. Fishermen found
declining fish stocks, and coastal communities were losing land to rising seas. At first, leaders thought these

were just temporary problems. But as the issues worsened, they realized Solaris was facing climate change.

To make informed decisions, Solaris turned to climate science. Experts explained the role of greenhouse
gases, global warming, and extreme weather risks. They also studied climate risk assessments that showed
which areas were most vulnerable. Using this knowledge, Solaris created a national plan: it invested in
renewable energy, built stronger coastal defenses, supported farmers with drought-resistant crops, and

educated citizens about sustainable practices.

By applying climate knowledge, Solaris managed to reduce risks, protect its people, and prepare for a

changing future.

Critical Thinking Question

Why was it important for Solaris to study climate science and risk assessments before taking action, and

what might have happened if they had continued treating the problems as temporary?
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2.1 Global Warming

2.1.1 Definition and Causes (Greenhouse Gases, Human Activities)
Definition
Global warming can be defined as:

The long-term increase in Earth’s average surface temperature, primarily caused by the enhanced

greenhouse effect due to human-induced emissions of greenhouse gases.
The Greenhouse Effect

o Naturally, greenhouse gases trap some of the sun’s heat, making Earth habitable.

o Without it, Earth’s average temperature would be around —18°C instead of +15°C.

o However, excessive GHG emissions have intensified this effect, leading to abnormal warming.
Major Greenhouse Gases

1. Carbon dioxide (CO2): ~74% of global GHG emissions. Released from fossil fuel burning (coal,

oil, gas), deforestation, and cement production.

2. Methane (CHa4): ~17%. Much more potent than CO: (25x more effective at trapping heat). Comes

from livestock digestion, rice paddies, landfills, and natural gas leakage.

3. Nitrous oxide (N20): ~6%. Emitted from chemical fertilizers, industrial processes, and burning of

biomass.

4. Chlorofluorocarbons (CFCs) and HFCs: Synthetic compounds used in refrigeration and aerosols;

harmful both as GHGs and ozone-depleting substances.

5. Water vapor: The most abundant GHG, but human influence is indirect (through temperature

increases).
Key Human Activities Driving Global Warming
o Industrialization: Large-scale burning of fossil fuels for energy and manufacturing.
o Deforestation: Reduces carbon sequestration; forests that once absorbed CO: are destroyed.
o Urbanization: Expands energy demand, creates “urban heat islands.”
e Agriculture: Livestock and rice farming emit methane; fertilizer use releases nitrous oxide.

e Consumerism: Overconsumption increases energy use, production waste, and emissions.
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2.1.2 Evidence of Global Warming (Temperature Rise, Ice Melt, Sea Level Rise)
Global warming is strongly supported by multiple lines of scientific evidence:
Temperature Records

o Earth’s average surface temperature has increased by ~1.1°C since pre-industrial times (1850-

1900).
e The last decade was the warmest in recorded history.

e Heatwaves are becoming more frequent and intense (e.g., European heatwave of 2003, Indian
heatwave of 2019).

Melting Ice and Glaciers
e The Arctic is warming twice as fast as the global average.
e Greenland and Antarctic ice sheets are losing mass rapidly.
e Mountain glaciers (Himalayas, Andes, Alps) are shrinking, threatening water supplies for billions.
Rising Sea Levels
e Sca level has risen about 20 cm since 1900, and the rate has accelerated in recent decades.
e Caused by:
1. Melting glaciers and ice sheets.
2. Thermal expansion of seawater as it warms.
o Threatens coastal cities (Jakarta, Miami, Mumbai) and low-lying island nations (Maldives, Tuvalu).
Other Indicators
e Ocean warming: 90% of excess heat is absorbed by oceans, intensifying storms.

e Ocean acidification: Increased CO: dissolves in seawater, reducing pH and harming marine life
(corals, shellfish).

o Phenological changes: Earlier blooming of plants, altered migration patterns of birds.

2.1.3 Impacts on Weather Patterns, Ecosystems, and Communities
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Impacts on Weather Patterns
o Extreme Events: More frequent cyclones, hurricanes, droughts, and floods.
o Rainfall Patterns: Some regions face prolonged droughts, others experience excessive rainfall.

e Monsoon Changes: South Asia experiences unpredictable and erratic monsoons, disrupting

agriculture.
o Wildfires: Hotter, drier conditions increase wildfire frequency (California, Australia).
Impacts on Ecosystems
e Species Extinction: Rising temperatures force species to migrate; those unable to adapt perish.
o Coral Reefs: Warming oceans cause coral bleaching, reducing biodiversity.
o Polar Ecosystems: Melting ice endangers polar bears, penguins, and seals.

o Shifting Habitats: Alpine and Arctic species lose habitat as temperature zones move upward or

northward.
Impacts on Human Communities

1. Health Risks
o Heat stress and dehydration.
o Spread of vector-borne diseases (malaria, dengue, Zika).
o Respiratory illnesses from air pollution and wildfires.

2. Agriculture and Food Security
o Crop yields decline due to heat, drought, and pest invasions.
o Food prices rise, increasing hunger risks in vulnerable regions.

3. Water Security

o Glacial retreat threatens freshwater supplies (e.g., Himalayas — Ganga-Brahmaputra

basins).
o Drought-prone regions face increasing water stress.
4. Displacement and Migration

o Rising seas threaten millions living in coastal areas.
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o Climate refugees are expected to increase, creating global humanitarian challenges.
5. Economic Impacts

o Damage to infrastructure from floods and storms.

o Insurance costs rising due to disaster risks.

o Loss of livelihoods in farming, fishing, and tourism sectors.

Did You Know?

“Rising global temperatures make heatwaves 5 times more likely, and the Arctic is warming twice
as fast as the rest of the planet. Climate change threatens over 1 million species with extinction,

while more than 200 million people could be displaced by 2050 due to floods and sea-level rise.”
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2.1.4 Mitigation and Adaptation Strategies

Mitigation (Tackling the Root Causes)
e Renewable Energy Transition: Shift to solar, wind, hydro, geothermal, and bioenergy.
o Energy Efficiency: Promote green buildings, efficient appliances, and public transport.
e Carbon Capture and Storage (CCS): Technologies to trap CO: from power plants.

o Reforestation & Afforestation: Expanding green cover as natural carbon sinks.
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o Sustainable Agriculture: Reducing methane from livestock, organic farming, better fertilizer use.

o International Agreements: Paris Agreement (2015) targets limiting warming to 1.5-2°C.
Adaptation (Adjusting to Consequences)

o Infrastructure Resilience: Building sea walls, flood-resistant housing, and smart cities.

o Water Management: Rainwater harvesting, desalination, and watershed conservation.

o Climate-Smart Agriculture: Developing drought-resistant crops, efficient irrigation, and crop

diversification.
o Disaster Preparedness: Early warning systems, community training, and evacuation plans.
o Public Health Measures: Strengthening healthcare against climate-sensitive diseases.

e Community Empowerment: Involving local communities in adaptation planning and

implementation.

2.2 Ozone Layer Depletion
2.2.1 Structure and Function of the Ozone Layer
Structure
o The ozone layer is located in the stratosphere, between 10-50 km above Earth’s surface.

e Ozone (0s) is a molecule made up of three oxygen atoms. It is relatively unstable compared to

oxygen gas (O2).

e Ozone is constantly being created and destroyed through natural chemical reactions driven by

sunlight (UV radiation).
Ozone Formation and Breakdown
1. Formation:
o Ultraviolet light splits oxygen molecules (O:) into two oxygen atoms.

o Each atom then combines with another O: molecule to form ozone (Os).

0, Y0+0 : 0+0,— 0,
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2. Breakdown:
o Ozone absorbs UV-B radiation and splits into O: and a single oxygen atom.
o This cycle repeats naturally, maintaining a balance.
Functions of the Ozone Layer
e Absorbs 97-99% of UV-B radiation and a significant portion of UV-C.
e Protects living organisms from DNA damage caused by UV rays.
e Maintains climate stability by influencing stratospheric temperature balance.

Without the ozone layer, Earth would be exposed to dangerous radiation that could disrupt ecosystems,

reduce crop productivity, and cause widespread health issues.

2.2.2 Causes of Ozone Depletion (CFCs, Halons, Industrial Chemicals)

The natural balance of ozone creation and destruction has been disrupted by human-made chemicals that

release chlorine and bromine in the stratosphere.

Chlorofluorocarbons (CFCs)

o Synthetic compounds once widely used in refrigerators, air conditioners, aerosol sprays, and

foam production.

e CFCs are stable in the lower atmosphere but break down under strong UV radiation in the

stratosphere, releasing chlorine atoms.
e Asingle chlorine atom can destroy 100,000 ozone molecules before being neutralized.
Halons
e Contain bromine and were commonly used in fire extinguishers.
e Bromine is 40-50 times more effective at destroying ozone than chlorine.
Other Ozone-Depleting Substances (ODS)
e Carbon tetrachloride — used as a cleaning solvent.

e Methyl chloroform — used in industrial degreasing.

e Nitrous oxide (N20) — from fertilizers and industry; now recognized as a leading ODS.
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The Antarctic Ozone Hole
e First discovered in the 1980s.

e Unique polar conditions (extremely cold stratosphere and polar stratospheric clouds) amplify

chlorine and bromine reactions.

e The Antarctic ozone hole is seasonal, peaking during the Southern Hemisphere’s spring

(September—November).

2.2.3 Environmental and Health Impacts (UV Radiation, Skin Cancer, Agriculture)
Environmental Impacts
1. Increased UV Penetration:
o Leads to greater exposure at Earth’s surface, especially in high-latitude regions.
2. Damage to Aquatic Ecosystems:
o UV radiation harms phytoplankton, the foundation of marine food chains.
3. Material Degradation:
o Plastics, rubber, paints, and fabrics degrade faster when exposed to UV rays.
Health Impacts
1. Skin Cancer:
o Increased UV-B exposure raises risks of melanoma and other skin cancers.
o  WHO estimates 2—3 million cases of skin cancer annually are linked to ozone depletion.
2. Eye Damage:
o Higher UV exposure causes cataracts and permanent vision damage.
3. Immune Suppression:
o Weakens immune systems, making people more susceptible to infections and diseases.
Agricultural Impacts

1. Crop Damage:
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o Crops such as soybeans, maize, rice, and cotton are sensitive to UV-B.

o Reduced productivity can threaten food security.
2. Livestock:

o Animals exposed to strong UV experience increased skin and eye diseases.
3. Forestry:

o UV radiation slows plant growth, disrupts photosynthesis, and reduces carbon storage

capacity.

2.2.4 International Agreements (Montreal Protocol and Successes)
Montreal Protocol (1987)
e Ahistoric global treaty signed in Montreal, Canada, to phase out ozone-depleting substances (ODS).
o [Initially signed by 46 countries; today, it has universal ratification (all UN member states).
o It set legally binding targets to reduce and eliminate CFCs, halons, and related chemicals.
Successes of the Montreal Protocol
1. ODS Phase-Out: Over 99% of ODS have been eliminated globally.
2. Ozone Recovery: The ozone layer is expected to return to pre-1980 levels by mid-21st century.
3. Health Benefits: Prevented millions of cases of skin cancer and cataracts worldwide.

4. Climate Benefits: Many ODS are also potent greenhouse gases; phasing them out reduced global

warming potential.
Kigali Amendment (2016)
o Extended the Montreal Protocol to include hydrofluorocarbons (HFCs).
o HFCs do not deplete ozone but are powerful greenhouse gases.

e Reducing HFCs is expected to avoid up to 0.5°C of global warming by 2100.

Knowledge Check 1
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Choose the correct option:

1. The ozone layer is mainly found in which part of the atmosphere?
a) Troposphere
b) Stratosphere
c¢) Mesosphere
d) Exosphere
2. Which chemical is the most harmful to ozone molecules?
a) Oxygen
b) Chlorine
c¢) Nitrogen
d) Carbon
3. The “ozone hole” was first discovered over:
a) Arctic
b) Antarctic
c¢) Sahara
d) Himalayas
4. The international treaty to phase out ozone-depleting substances is:
a) Paris Agreement
b) Kyoto Protocol
c¢) Montreal Protocol

d) Rio Summit

2.3 Acid Rain and Its Impacts
2.3.1 Causes of Acid Rain (SOz, NOx Emissions)
e Sulphur Dioxide (SO):
o Released from burning coal and oil in power plants and industries.
o Combines with oxygen and water vapor in the atmosphere to form sulphuric acid (H2SOs).
e Nitrogen Oxides (NOx):
o Emitted from motor vehicles, thermal power plants, and industrial processes.
o Reacts with oxygen and water to form nitric acid (HNO3).

e Chemical Process:
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SO+ 02 — 503 ; SO3+ HO — H>y50;4
NO;+OH — HNOs

o Long-range transport:
o SO:and NOx gases can travel hundreds of kilometers before forming acid rain.

o Acid rain often falls far from the original pollution source, creating transboundary

pollution problems (e.g., emissions in the USA causing acid rain in Canada).

°o
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Figure 2.2

2.3.2 Impacts on Soil, Water, and Aquatic Life

e Soil:
o Leaches away essential nutrients such as calcium and magnesium.
o Increases soil acidity, making it unsuitable for plant growth.
o Mobilizes toxic metals like aluminum, which damage roots.

o Water Bodies:
o Acid rain lowers the pH of rivers, lakes, and streams.
o Fish and aquatic species struggle to survive when water pH falls below 5.0.

o Sensitive species (trout, salmon) decline sharply in acidified waters.
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e Aquatic Life:
o Acidic water disrupts reproductive cycles in fish and amphibians.
o Loss of phytoplankton at the base of the food chain harms entire aquatic ecosystems.

o Example: Scandinavian lakes became “biologically dead” due to acid rain in the 1970s—80s.

2.3.3 Effects on Human Communities and Built Environment
e Human Health:

o Acid rain itself does not directly harm humans but the precursor gases (SO, NOx) cause

respiratory illnesses such as asthma, bronchitis, and lung damage.
o Fine particulate matter formed from these gases worsens cardiovascular diseases.
e Built Environment:
o Acid rain corrodes metals, weakens concrete, and damages buildings and monuments.

o Historic monuments like the Taj Mahal (India) and Parthenon (Greece) have suffered

from acid deposition.

o Inurban areas, acid precipitation erodes infrastructure, increasing maintenance costs.

2.3.4 Impacts on Agriculture and Forest Ecosystems
e Agriculture:
o Acidic soils reduce crop yields by lowering nutrient availability.
o High acidity stunts root development and reduces plant growth.
o Sensitive crops like wheat, rice, maize, and barley are negatively affected.
e Forests:
o Acid rain damages leaves, weakens photosynthesis, and reduces tree growth.

o Soil nutrient depletion (calcium, magnesium) makes trees vulnerable to pests, disease, and

cold stress.

o High-altitude forests (such as spruce and fir in Europe) are particularly vulnerable.
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o Example: The Black Forest in Germany experienced widespread tree decline in the 1980s

due to acid deposition.

Divide students into three groups: Soil & Water, Human Communities & Monuments, and
Agriculture & Forests. Each group researches one impact of acid rain and presents real-world
examples (e.g., Taj Mahal corrosion, forest dieback). Conclude with a discussion on strategies to

reduce SO and NOx emissions.

2.4 Solid Waste Management

2.4.1 Sources and Types of Urban and Industrial Waste
Sources of Waste

Urban and industrial areas in India generate diverse forms of waste due to population growth,

industrialization, and urban expansion. The major sources can be classified as:

e Urban (Municipal) Sources — Waste generated from households, offices, schools, commercial

centers, markets, and street cleaning.

Example: In Delhi, household kitchen waste forms a major portion of municipal solid waste, while

open markets in Kolkata produce large quantities of fruit and vegetable waste.

o Industrial Sources — Waste from manufacturing processes, power generation, mining, construction,

packaging, and chemical industries.

Example: Tanneries in Kanpur discharge effluents rich in chromium, while thermal power plants

in Chhattisgarh and Jharkhand produce enormous amounts of fly ash.

e Other Sources — Waste from agriculture, demolition, and institutional activities such as hospitals

and universities.

Example: Biomedical waste from AIIMS, New Delhi, and demolition debris from construction
projects in rapidly urbanizing cities like Bengaluru and Hyderabad highlight the scale of non-

municipal sources.
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Types of Waste

Waste in Indian cities and industries can be categorized based on its composition, environmental risk, and

disposal needs:
o Biodegradable Waste — Organic matter that decomposes naturally.

Examples: Food scraps from households in Mumbai, garden trimmings in residential colonies, and

paper waste from urban offices.

o Non-Biodegradable Waste — Materials that resist decomposition and persist in the environment.
Examples: Single-use plastic packaging from supermarkets in Delhi, aluminum cans, and discarded

glass bottles in public spaces.

o Hazardous Waste — Toxic waste requiring specialized disposal due to risks to health and
ecosystems.
Examples: Chemical dyes and solvents from textile industries in Tiruppur, pesticide residues from

agriculture in Punjab, and used batteries from electronics markets in Chennai.

o Inert Waste — Non-reactive waste, often produced by construction and industrial activities.
Examples: Debris from Delhi Metro projects, fly ash from coal-based power plants in Jharkhand,

and sand waste from mining operations in Rajasthan.
o Special Waste Categories — Certain waste streams require dedicated management systems:

o E-waste: Discarded mobiles, laptops, and gadgets concentrated in Bengaluru, India’s IT
hub.

o Biomedical Waste: Used syringes, diagnostic material, and bandages from hospitals in
Mumbai and Delhi.

o Radioactive Waste: Limited in India, but generated at facilities such as the Kalpakkam

Nuclear Power Station, Tamil Nadu.

2.4.2 Control Measures and Sustainable Practices
Control Measures

o Segregation at Source: Separation of biodegradable, recyclable, and hazardous waste at the
household, commercial, and industrial levels. This ensures efficient processing and reduces

contamination of recyclable materials.
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e Collection and Transportation: Organized municipal systems for timely waste collection and

transfer, using covered vehicles to prevent littering and leachate leakage.

e Treatment: Methods include composting of organic matter, incineration for biomedical waste,
recycling of plastics, metals, and paper, and waste-to-energy plants that convert municipal waste

into power.

o Safe Disposal: Engineered sanitary landfills are preferred over open dumping, as they minimize

groundwater contamination, control methane emissions, and ensure safe disposal of residual waste.

Sustainable Practices
The 3Rs Principle (Reduce, Reuse, Recycle)

1. Reduce — Minimizing the generation of waste at the source by consuming fewer resources and
avoiding unnecessary packaging.
Example: Carrying cloth or jute bags instead of single-use plastic bags, choosing products with

minimal packaging, or avoiding disposable cutlery in restaurants.

2. Reuse — Extending the life of products by using them multiple times instead of discarding them
after a single use.
Example: Reusing glass bottles for storage, repurposing old clothes as cleaning rags, or refilling

ink cartridges rather than buying new ones.

3. Recycle — Processing waste materials to create new products, thereby reducing the need for virgin
raw materials.
Example: Recycling paper to make notebooks, recycling aluminum cans into new cans, or

converting plastic bottles into textile fibers for clothing.

Composting

Conversion of biodegradable waste such as food scraps and garden clippings into nutrient-rich manure. In
Indian cities like Pune and Bengaluru, decentralized composting units at community levels reduce pressure

on municipal landfills.

Energy Recovery
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Organic waste can be processed to generate energy. For instance, biogas plants convert kitchen and
agricultural waste into methane for cooking fuel, while some municipal waste-to-energy plants produce

electricity from incinerated waste.
Public Awareness

Community participation plays a critical role in sustainable waste management. Awareness campaigns such
as the Swachh Bharat Abhiyan in India emphasize cleanliness drives, segregation of waste, and reduction

of plastic use through schools, NGOs, and media outreach.

2.4.2 Control Measures and Sustainable Practices
Control Measures

Effective waste management in India requires systematic interventions at every stage, from generation to

disposal. The main measures include:

o Segregation at Source — Waste should be separated at the household, commercial, and industrial
levels into biodegradable, recyclable, and hazardous categories. This reduces contamination of

recyclables and enables efficient treatment.

e Collection and Transportation — Municipal systems must ensure timely waste collection and

transfer through covered vehicles to prevent littering, leachate leakage, and odour problems.

o Treatment — Different waste streams require specialized treatment methods: composting for
biodegradable waste, incineration for biomedical waste, recycling of plastics, metals, and paper, and

waste-to-energy conversion for municipal solid waste.

o Safe Disposal — Engineered sanitary landfills are preferable to open dumping as they minimize
groundwater contamination, control methane emissions, and ensure secure long-term storage of

residual waste.

Sustainable Practices

Sustainable practices focus on reducing the quantity of waste generated, maximizing resource recovery, and
promoting public participation. A central principle guiding this is the 3Rs — Reduce, Reuse, and Recycle,

supported by composting, energy recovery, and awareness initiatives.

The 3Rs Principle
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e Reduce — Cutting down waste at its source by consuming fewer resources and making

environmentally conscious choices.

Examples: Using cloth or jute bags instead of single-use plastics in Kolkata markets, opting for
bulk purchases to minimize packaging waste, or reducing disposable cutlery use in Bengaluru

restaurants.

e Reuse — Extending the life cycle of products by finding repeated or alternative uses instead of

discarding them.

Examples: Glass bottles reused for kitchen storage, old clothes converted into household cleaning

rags in rural households, or refilling ink cartridges instead of buying new ones.

e Recycle — Processing used materials to create new products, thereby reducing the demand for virgin

resources and energy-intensive production.

Examples: Recycling waste paper into notebooks in Delhi-based recycling units, converting
aluminum cans into new cans, and transforming plastic bottles into textile fibers for clothing in

Tiruppur’s garment industries.

Composting

Biodegradable waste such as food scraps, garden waste, and vegetable market residues can be converted
into nutrient-rich manure through composting. Cities like Pune and Bengaluru have adopted decentralized
community composting units, which reduce the burden on municipal landfills and provide organic manure

for urban gardens.
Energy Recovery

Organic and municipal waste can also be harnessed for energy production. For instance, biogas plants in
rural Maharashtra convert kitchen and agricultural waste into methane for cooking fuel, while waste-to-

energy plants in Delhi and Hyderabad generate electricity from incinerated waste.
Public Awareness

Community participation is essential for successful waste management. Campaigns like Swachh Bharat
Abhiyan have promoted waste segregation, reduced plastic use, and organized cleanliness drives across
schools, NGOs, and public platforms. Media campaigns and local NGOs further encourage behavioral

change and citizen involvement.
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2.4.3 E-Waste: Challenges, Hazards, and Recycling Methods
E-Waste (Electronic Waste)

E-waste refers to discarded or obsolete electronic devices such as mobile phones, laptops, computers,
televisions, refrigerators, printers, and batteries. With India emerging as one of the fastest-growing digital
economies, the consumption of electronics has skyrocketed. Rapid innovation, frequent upgrades, and
consumer preference for the latest devices shorten product lifespans and accelerate waste generation.
Globally, over S0 million tons of e-waste are generated annually, with India ranking among the top five
contributors. Unfortunately, only a fraction is processed in formal recycling units, while most e-waste

ends up in landfills or the informal sector, causing severe environmental and health hazards.

Challenges of E-Waste Management
o Rapid Technological Change and Consumerism

The constant demand for upgraded smartphones, laptops, and appliances creates a "throwaway
culture." Devices are often discarded not because they are unusable, but because newer models are
available.

Example: In India, millions of mobile phones are discarded annually, with cities like Delhi,

Bengaluru, and Mumbai generating the highest volumes.
o Dominance of the Informal Sector

Nearly 95% of India’s e-waste is processed by the informal recycling sector, where workers
dismantle devices manually without safety measures. They often burn wires to recover copper or
use acid baths to extract metals, exposing themselves to toxic chemicals.
Example: Recycling hubs like Seelampur (Delhi) and Moradabad (Uttar Pradesh) employ

thousands of informal workers under hazardous conditions.
o Lack of Awareness and Infrastructure

Many consumers are unaware of safe disposal mechanisms or nearby collection centers. As a result,
e-waste is often mixed with municipal solid waste, making recovery nearly impossible. Moreover,

formal recycling facilities are concentrated in a few states, leaving large regions underserved.

¢ Weak Enforcement of Policies
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Although India has introduced the E-Waste (Management) Rules, 2016, enforcement remains
inconsistent. Producers and retailers often fail to set up effective collection systems or take-back

mechanisms.

Hazards of E-Waste
o Toxic Substances

E-waste contains dangerous materials such as lead (Pb), mercury (Hg), cadmium (Cd), arsenic
(As), and brominated flame retardants. These are non-biodegradable and persist in soil and water

for decades.
e Environmental Contamination

Informal recycling practices like open burning of plastics and acid leaching of circuit boards
release harmful chemicals into the environment. Soil and groundwater contamination impacts

agriculture, while toxic fumes contribute to urban air pollution.

Example: In Seelampur, Delhi, crude recycling methods have polluted nearby drains and farmland,

causing ecological degradation.
e Human Health Risks
Informal workers, often women and children, are exposed daily to toxic fumes and chemicals.
o Cancer — from prolonged exposure to carcinogenic chemicals.
o Organ damage — heavy metals accumulate in the liver, kidneys, and nervous system.

o Respiratory diseases — inhaling fumes from burning plastics and wires causes chronic

bronchitis and asthma.

o Skin disorders — direct contact with acids and solvents damages skin and eyes.

Recycling Methods and Sustainable Solutions
e Formal Recycling

Specialized facilities safely dismantle electronics, recover precious metals (gold, silver, copper,
palladium), and isolate toxic substances. This not only prevents pollution but also promotes a

circular economy by reintroducing valuable materials into production chains.
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Example: India has around 400 authorized e-waste recyclers, but their collective capacity is far

below the country’s annual e-waste generation.
o Extended Producer Responsibility (EPR)

Under the E-Waste (Management) Rules, 2016, producers are required to establish take-back
schemes and collection centers. Companies like Apple, Dell, and Samsung have introduced
voluntary programs, though coverage remains limited. Strengthening EPR is crucial for large-scale

recovery.
o Safe and Innovative Practices

o Establishing dedicated e-waste collection centers in major cities to encourage consumer

participation.
o Offering financial incentives (discounts, vouchers, cashback) for returning old devices.

o Setting up public-private partnerships to develop advanced recycling plants with safe

metal recovery technologies.

o Promoting refurbishment and reuse of electronics (e.g., reselling used laptops and

smartphones) before final disposal.

o Expanding awareness campaigns through schools, NGOs, and social media to change

consumer behavior.

2.4.4 Biomedical Waste: Risks, Segregation, and Safe Disposal
Biomedical Waste

Biomedical waste refers to materials produced from healthcare-related activities such as hospitals, nursing
homes, clinics, diagnostic laboratories, blood banks, veterinary facilities, and research centers. It includes
items like used syringes, surgical gloves, blood-soaked bandages, pathological samples, expired medicines,
and laboratory cultures. With the rapid expansion of healthcare services in India, especially after the
COVID-19 pandemic, the volume of biomedical waste has risen significantly. According to the Central
Pollution Control Board (CPCB), India generates more than 600 tons of biomedical waste every day,
and this figure temporarily spiked during the pandemic due to the disposal of masks, PPE kits, and testing

equipment. Managing this waste safely is critical to protecting both public health and the environment.



ATLAS

SKILLTECH
UNIVERSITY

Risks of Biomedical Waste
o Infectious Diseases

Biomedical waste often carries pathogens such as HIV, hepatitis B and C viruses, and
tuberculosis bacteria. If improperly handled, these can spread to healthcare workers, sanitation

staff, and the public.

Example: Needle-stick injuries in hospitals have been linked to the transmission of hepatitis among

healthcare professionals.
e Environmental Contamination

Unsafe disposal methods—such as open dumping or mixing biomedical waste with municipal
garbage—Ilead to soil, air, and groundwater pollution. Pathogens, antibiotics, and toxic chemicals

can enter natural ecosystems, impacting both humans and wildlife.

Example: Cases of biomedical waste dumped near rivers in Uttar Pradesh and Bihar have led to

water contamination and fish mortality.
e Occupational Hazards

Workers handling biomedical waste are vulnerable to needle-stick injuries, cuts from sharps, and
exposure to infected body fluids. Without proper protective equipment, these accidents can result

in life-threatening infections.
e Public Health Hazards

Scavenging of biomedical waste is a widespread issue in developing countries. Discarded syringes,
bandages, or medicine bottles are sometimes collected, repackaged, and illegally resold in local

markets, putting unsuspecting patients at risk of infection.

Segregation of Biomedical Waste

Segregation at the point of generation is the cornerstone of effective biomedical waste management. Color-
coded containers are used to ensure safe treatment and disposal, minimizing health risks and reducing the

volume of hazardous waste.

e Yellow Bags/Containers — For human anatomical waste (tissues, body parts), soiled dressings,

cotton swabs, expired medicines, and chemical waste. These are typically incinerated.
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e Red Bags/Containers — For contaminated plastics like IV tubes, catheters, urine bags, and syringes

without needles. These are disinfected, shredded, and sent for recycling.

e Blue Containers — For glassware such as medicine vials, ampoules, and broken glass, along with

metallic sharps like scalpels, after disinfection.

e White (Translucent) Containers — For sharps such as needles, blades, and surgical instruments,

which require sterilization (autoclaving) before shredding and disposal.

This segregation system prevents infectious waste from mixing with general waste, ensures targeted

treatment, and helps reduce environmental hazards.

Safe Disposal Methods
e Autoclaving and Microwaving

Infectious waste such as laboratory cultures, plastics, and sharps can be sterilized using high-
pressure steam (autoclaving) or microwave treatment to kill pathogens. These are widely used

due to their cost-effectiveness and efficiency.

e Incineration
Hazardous biomedical waste like anatomical remains, soiled dressings, and contaminated sharps are
destroyed at very high temperatures in incinerators. Modern units are equipped with pollution

control devices to limit emissions of dioxins and furans.

Example: Large hospitals in Delhi and Mumbai rely on centralized incineration facilities under the

Common Biomedical Waste Treatment Facilities (CBMWTFs).
e Secure Landfills

Residues such as treated ash, chemical sludge, and incineration by-products that cannot be recycled

are disposed of in engineered sanitary landfills to prevent groundwater contamination.
e Strict Regulations

In India, the Biomedical Waste Management Rules (2016, amended 2018 and 2019) mandate
proper segregation, collection, treatment, and disposal. Hospitals are required to partner with
CBMWTFs to ensure compliance. The World Health Organization (WHO) also provides

international guidelines to enhance safety and reduce health hazards.
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2.5 Summary

)/
A X4

K/
L X4

K/
L X4

Climate change and global warming are caused by rising greenhouse gases from human activities

such as fossil fuel use, deforestation, and industrialization.

Global warming is evidenced by rising global temperatures, shrinking glaciers, melting Arctic ice, and

sea-level rise.

It significantly alters weather patterns, causing more frequent floods, cyclones, droughts, and

heatwaves worldwide.

Global warming impacts ecosystems by threatening biodiversity, causing coral bleaching, and shifting

species habitats.

Communities face challenges such as health problems, food and water insecurity, economic losses, and

climate-induced migration.

Mitigation strategies include renewable energy adoption, afforestation, energy efficiency, and

international agreements like the Paris Agreement.

Adaptation strategies focus on climate-resilient agriculture, disaster preparedness, sustainable

infrastructure, and healthcare measures.
The ozone layer, located in the stratosphere, protects life by absorbing harmful ultraviolet radiation.

Human-made chemicals like CFCs, halons, and industrial solvents cause ozone depletion, most

notably observed in the Antarctic ozone hole.

Ozone loss increases risks of skin cancer, cataracts, immune suppression, crop damage, and harm to

marine ecosystems.

The Montreal Protocol (1987) successfully phased out most ozone-depleting substances and is

considered a landmark global environmental treaty.

Acid rain, caused by SOz and NOx emissions, damages soil fertility, acidifies lakes and rivers, and

harms aquatic life.

It also affects human communities, agriculture, forests, and monuments (e.g., Taj Mahal),

highlighting the need for emission control.

Solid waste management addresses urban, industrial, biomedical, and electronic waste through

segregation, recycling, treatment, and safe disposal.
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% E-waste poses hazards due to toxic metals, while biomedical waste requires strict segregation and safe

treatment to avoid infections and pollution.

2.6 Key Terms

1. Global Warming — The long-term increase in Earth’s average surface temperature due to rising

greenhouse gas concentrations.

2. Greenhouse Effect — The natural process where greenhouse gases trap heat in the atmosphere, making

Earth habitable, but intensified by human activity.

3. Climate Change — Long-term alterations in global or regional climate patterns, driven largely by

human-induced warming.

4. Ozone Layer — A protective stratospheric layer of ozone molecules that absorbs harmful ultraviolet

radiation from the sun.

5. Montreal Protocol — A 1987 international treaty designed to phase out ozone-depleting substances such
as CFCs and halons.

6. Acid Rain — Rain or precipitation with a low pH caused by sulphur dioxide (SO:) and nitrogen oxides

(NOx) in the atmosphere.

7. E-Waste — Discarded electronic products such as computers, phones, and appliances containing

hazardous and valuable materials.

8. Biomedical Waste — Infectious or hazardous waste generated from hospitals, clinics, and laboratories,

requiring careful segregation and safe disposal.

9. Sustainable Practices — Methods such as reduce, reuse, recycle, and renewable energy use that

minimize environmental impact and promote long-term balance.

2.7 Descriptive Questions

1. Define global warming. Discuss its major causes and provide scientific evidence that supports its

occurrence.

2. Explain the impacts of global warming on weather patterns, ecosystems, and human communities with

suitable examples.
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3. Differentiate between mitigation and adaptation strategies for climate change. Provide examples of

each.
4. Describe the structure and function of the ozone layer. Why is it vital for life on Earth?

5. Examine the causes and consequences of ozone depletion. How has the Montreal Protocol

contributed to addressing this problem?

6. What is acid rain? Discuss its causes and explain its impacts on soil, water, aquatic life, agriculture,

and monuments.

7. Define solid waste management. Explain the main sources and types of waste in urban and industrial

contexts.

8. Discuss the challenges and hazards of e-waste. Suggest sustainable methods for recycling and

management.

9. What are the risks associated with biomedical waste? Explain the importance of segregation and safe

disposal methods.
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Answers to Knowledge Check

Knowledge Check 1

b) Stratosphere
b) Chlorine
b) Antarctic

b=

¢) Montreal Protocol
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2.9 Case Study

"Flood Risks and Climate Resilience in Bangladesh"

Introduction

Bangladesh is one of the most climate-vulnerable countries in the world. Its low-lying deltaic geography
and high population density make it especially prone to climate-related disasters. While agriculture and
fisheries sustain millions, frequent floods, cyclones, and rising sea levels threaten lives, livelihoods, and
infrastructure. This case study examines how climate change increases the risks of flooding in

Bangladesh, the challenges it creates, and strategies for adaptation and resilience.

Background

Located at the mouth of the Ganga-Brahmaputra delta, Bangladesh experiences seasonal flooding
during monsoons. Traditionally, floods were manageable and replenished soil fertility. However, in
recent decades, climate change has intensified rainfall, raised sea levels, and increased cyclone
frequency, turning floods into destructive disasters. Millions of people are displaced annually, farmlands

are damaged, and food security is under severe threat.

Problem Statement 1: Rising Flood Frequency and Intensity

Floods have become more frequent and destructive, damaging homes, infrastructure, and farmland.

Communities face repeated displacement.

Solution: Implement flood-resilient housing, elevate embankments, and develop early-warning systems

to minimize risks.

MCQ:

What is the most effective strategy to minimize flood risks in Bangladesh?
a) Expanding unplanned urbanization

b) Building flood-resilient infrastructure

¢) Ignoring climate models

d) Relying on traditional practices

Answer: b) Building flood-resilient infrastructure
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Problem Statement 2: Impact on Agriculture and Food Security

Flooding destroys rice paddies, contaminates freshwater, and reduces fish availability. Farmers lose

both income and food security.

Solution: Introduce climate-resilient crop varieties, promote floating agriculture, and diversify

livelihoods through aquaculture and handicrafts.

MCQ:

Which practice helps farmers adapt to climate-induced flooding?
a) Burning forests

b) Floating agriculture

c¢) Excessive groundwater pumping

d) Overuse of fertilizers

Answer: b) Floating agriculture

Problem Statement 3: Sea-Level Rise and Coastal Vulnerability

Coastal regions are experiencing saltwater intrusion due to rising seas, reducing arable land and

drinking water availability.

Solution: Construct mangrove plantations as natural barriers, invest in desalination technologies, and

empower communities through climate adaptation training.

MCQ:

How do mangrove plantations reduce coastal climate risks?
a) Absorb CO: and block storms

b) Increase soil erosion

c) Pollute freshwater

d) Attract pests

Answer: a) Absorb CO: and block storms

Conclusion
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Bangladesh demonstrates how climate change intensifies natural risks, threatening ecosystems and
human communities. Effective solutions lie in multidisciplinary strategies: combining engineering
(flood defenses), agriculture (resilient crops), ecology (mangroves), and governance (policies,

awareness). By integrating science, policy, and community participation, Bangladesh can build

resilience against the growing threats of climate change.




ATLAS

SKILLTECH
UNIVERSITY

Unit 3: Anthropocene and Human Impact

Learning Objectives

1. Identify key characteristics and timelines of the Anthropocene epoch.
2. Explain the role of human activities in shaping Earth's geological and ecological systems.
3. Analyze the environmental consequences of industrialization and urbanization.
4. Evaluate the impact of human-driven climate change on global ecosystems.
5. Assess the significance of biodiversity loss in the Anthropocene era.
6. Investigate the effects of pollution and resource extraction on natural systems.
7. Explore sustainable practices and their potential to mitigate human impact.
8. Critically examine the ethical responsibilities of humans as planetary stewards.
Content
3.0  Introductory Caselet
3.1 Concept of Anthropocene
3.2 Global Carbon and Biogeochemical Cycles
33 Anthropocene as a Geological Time Unit
3.4 Human Footprint in the Anthropocene
3.5 Summary
3.6  Key Terms
3.7 Descriptive Questions
3.8  References
3.9 Case Study
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3.0 Introductory Caselet

“The Vanishing River Delta”

The Mekong Delta in Southeast Asia has long been one of the world's most fertile agricultural zones,
supporting over 17 million people and contributing significantly to Vietnam's rice exports. Over the past
three decades, however, the delta has faced accelerating degradation due to a combination of climate

change, dam construction upstream, and intensive groundwater extraction.

Upstream, a series of hydropower dams built across the Mekong River—especially in China and Laos—
have disrupted the natural flow of sediment to the delta. These sediments are crucial for replenishing the
soil and counteracting sea-level rise. Without them, the delta is subsiding, and saltwater intrusion from

the South China Sea is contaminating freshwater supplies and reducing crop yields.

Meanwhile, in the delta itself, over-extraction of groundwater has caused the land to sink further,
compounding the effects of rising seas. At the same time, rapid population growth and urban expansion

have increased the demand for resources, leading to overuse and pollution.

Despite early warnings from scientists and NGOs, governmental policies have largely prioritized short-
term economic gains over long-term ecological sustainability. In recent years, however, local communities
have started implementing adaptive practices, such as switching to saline-tolerant crops and developing

rainwater harvesting systems.

Critical Thinking Question

How can balancing short-term economic development with long-term ecological sustainability be achieved

in regions like the Mekong Delta, and what role should local communities, governments, and international

bodies play in that process?
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3.1 Concept of Anthropocene

3.1.1 Definition and Origins of the Term “Anthropocene”

The term “Anthropocene” refers to a proposed geological epoch that highlights the dominant and lasting
impact of humans on the Earth’s systems. Coined by Paul Crutzen, a Nobel Prize-winning atmospheric
chemist, and Eugene Stoermer, a limnologist, around the year 2000, the concept quickly gained traction

among scientists, scholars, and policymakers.

Historically, the Earth has been divided into geological epochs based on major changes observed in rock
strata, fossil records, and climate shifts. The Holocene Epoch, which began about 11,700 years ago after
the end of the last Ice Age, has been characterized by a relatively stable climate that enabled agriculture,

settled societies, and human civilization to flourish.

Crutzen and Stoermer argued that the magnitude and pace of human-induced changes—particularly

since the Industrial Revolution—warrant recognition of a new epoch. These changes include:
e Accumulation of greenhouse gases
e Loss of biodiversity
e Massive land-use changes
e Ocean acidification
e Alteration of biogeochemical cycles (carbon, nitrogen, phosphorus)

The Anthropocene concept challenges the traditional notion of humans as passive agents within Earth’s
systems. Instead, it positions humanity as a geological force, capable of altering the planet on a scale

comparable to major natural events like asteroid impacts or glaciation.

Key debates remain over the formal recognition of the Anthropocene. The Anthropocene Working
Group (AWG), established by the International Commission on Stratigraphy, has proposed the mid-20th
century—marked by nuclear tests, synthetic materials (plastics), and the “Great Acceleration”—as a

potential start date, though no official designation has been finalized.

3.1.2 Why Anthropocene Matters: Human Influence on Earth Systems

The Anthropocene matters because it signifies a fundamental transformation in the human—planet

relationship. In previous epochs, Earth’s systems—climate, ecosystems, atmospheric composition, and
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geology—were primarily shaped by natural forces. In the Anthropocene, human activity is the dominant

driver of planetary change.
Examples of Human Impact:
1. Climate System
o Industrial emissions of CO2, CHa, and N20O have led to unprecedented global warming.
o Rising temperatures are causing glacial melt, sea-level rise, and extreme weather patterns.

2. Biodiversity and Ecosystems

o Deforestation, habitat fragmentation, pollution, and overexploitation have accelerated

species extinction.

o The current rate of extinction is estimated to be 100 to 1,000 times higher than natural

background rates.

3. Geological Changes

o Urbanization and mining have physically altered landscapes, river systems, and

sedimentation patterns.

o Human-made materials like concrete, plastic, and aluminum are now embedded in Earth’s

strata.

4. Biogeochemical Cycles

o Industrial agriculture and fossil fuel combustion have altered the carbon, nitrogen, and

phosphorus cycles, leading to ocean dead zones and soil degradation.

5. Hydrological Systems

o Large-scale damming and water extraction have restructured freshwater ecosystems and

groundwater supplies.

The Anthropocene concept encourages scholars to connect environmental changes with social,

economic, and political processes, recognizing that environmental degradation is not merely a byproduct

of progress but often a result of specific systems of production, consumption, and governance.
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Did You Know?

“Human activities now move more earth and rock annually than all natural processes combined,
including erosion and volcanic activity. This makes humans the largest geomorphic force on the
planet, a key reason why scientists argue we have entered the Anthropocene—a new epoch defined

by our impact on Earth's systems.”

3.1.3 Anthropocene vs. Holocene Debate

The transition from the Holocene to the Anthropocene is not merely a matter of naming a new epoch—it

is a deeply contested scientific, philosophical, and political issue.
Scientific Dimensions:
e The Holocene was marked by climatic stability that allowed for human development.

e The Anthropocene, in contrast, is  characterized by instability, unpredictability, and

anthropogenic feedback loops.
o There is no consensus on the exact starting point:

o Early Anthropocene Hypothesis: §8,000-5,000 years ago (start of agriculture and

deforestation)
o Industrial Revolution: Around 1750-1800, when fossil fuel use surged
o Great Acceleration: Post-1945, marked by exponential growth in human activity
o Atomic Age: 1945 onwards, with radioactive isotopes as stratigraphic markers
Geological Criteria:
e A formal epoch must be identifiable in the geological record.

e Proposed markers include plastiglomerates (plastic-rock compounds), radionuclide deposits from

nuclear tests, and fly ash from coal burning.
Philosophical and Political Debate:

e Theterm “Anthropocene” implies that all humans are equally responsible for planetary changes,

which is misleading.
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e Alternative concepts include:
o Capitalocene: Emphasizes capitalism’s role in environmental degradation.
o Plantationocene: Focuses on colonial agricultural systems and exploitation.

o Chthulucene (proposed by Donna Haraway): Advocates for multispecies thinking and

interdependence.

These debates reflect differing interpretations of responsibility, causality, and justice, and they shape how

societies imagine the future and define sustainability.

3.1.4 Interdisciplinary Perspectives (Science, Policy, Ethics)

The Anthropocene necessitates an interdisciplinary approach, as no single field can fully capture or
address its complexity. It bridges the natural sciences, social sciences, humanities, and policy-making

arenas.
Scientific Perspectives:
o Earth System Science investigates tipping points, feedback mechanisms, and planetary boundaries.
o Climate Science models future scenarios and explores mitigation strategies.
» Ecology and Biology study species interactions, extinction rates, and ecosystem resilience.
Policy and Governance:
o Environmental governance must now be global in scope and long-term in vision.
o Key challenges include:
o Enforcing international climate agreements (e.g., Paris Agreement)
o Regulating carbon emissions, plastics, and biodiversity loss
o Ensuring just transitions for economies dependent on extractive industries

e Concepts such as “Anthropocene governance”, adaptive management, and planetary

stewardship are increasingly used in policy discourse.
Ethical Dimensions:

o The Anthropocene raises critical ethical questions:
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o What do current generations owe to future ones?
o How can justice be achieved for populations most affected by climate change?
o Should humans actively engineer the Earth’s systems (e.g., geoengineering)?

o Environmental ethics, eco-justice, and indigenous knowledge systems offer frameworks for

rethinking human relationships with nature.

e There is a growing emphasis on responsibility, humility, and interdependence, rather than

domination and control.

3.2 Global Carbon and Biogeochemical Cycles

3.2.1 Carbon Cycle and Human Alterations (Fossil Fuels, Deforestation)

The carbon cycle describes the natural movement of carbon among the atmosphere, oceans, soil, and living
organisms. Key processes include photosynthesis, respiration, decomposition, ocean-atmosphere exchange,

and sedimentation.
Natural Carbon Cycle:

o Photosynthesis: Plants absorb CO: and convert it into organic matter.

o Respiration: Animals and plants release CO: back into the atmosphere.

e Decomposition: Microorganisms break down organic material, releasing CO: and CHa.

e Ocean uptake: Oceans absorb and store carbon in dissolved form.

e Geological processes: Over millions of years, carbon becomes locked in fossil fuels or limestone.
Human Alterations:

1. Fossil Fuel Combustion: Burning coal, oil, and natural gas releases vast amounts of CO: that were

previously stored underground for millions of years.

o The global average CO: concentration has increased from 280 ppm (pre-industrial) to over

420 ppm today.
2. Deforestation and Land Use Change:

o Trees and vegetation act as carbon sinks. When forests are cleared, this stored carbon is

released.
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o Land-use change contributes roughly 10-15% of global carbon emissions annually.
3. Cement Production:
o Alesser-known source, cement production releases CO: during limestone calcination.

The human-driven carbon flux is now so large that it disrupts the natural balance, contributing directly to

climate change, ocean acidification, and ecosystem stress.

3.2.2 Nitrogen and Phosphorus Cycles: Agricultural Impacts

The nitrogen (N) and phosphorus (P) cycles are essential for plant growth and food production. However,

industrial agriculture has significantly altered both cycles, with serious environmental consequences.
Nitrogen Cycle:
o Innatural ecosystems, nitrogen is fixed by microbes and becomes available to plants.

o Human interventions, especially the Haber-Bosch process, produce synthetic fertilizers that release

reactive nitrogen (Nr) into ecosystems.
Human Impacts:

o Excess fertilizer use leads to runoff into rivers and lakes, causing eutrophication and dead zones

(e.g., Gulf of Mexico).

e N:O emissions, a potent greenhouse gas, result from soil microbial activity in over-fertilized fields.
Phosphorus Cycle:

e Phosphorus originates from rocks and moves slowly through soil and water.

o It has no atmospheric component and is often a limiting nutrient in aquatic systems.
Human Impacts:

o Mining phosphate rocks and excessive use of phosphate-based fertilizers accelerate the cycle.

e Runoffleads to harmful algal blooms, fish kills, and loss of aquatic biodiversity.

Both nitrogen and phosphorus pollution have cross-scale impacts, affecting local water bodies and

contributing to global environmental problems.
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3.2.3 Water and Hydrological Cycle Disruptions

The hydrological cycle involves the continuous movement of water through evaporation, condensation,

precipitation, infiltration, and runoff.
Natural Cycle:
e Driven by solar energy and gravity.
e Maintains balance between freshwater availability, climate regulation, and ecological stability.
Human Disruptions:
1. Dams and Reservoirs:
o Alter river flow, trap sediments, and change evaporation rates.
o Over 60% of the world's rivers are now fragmented by infrastructure.
2. Groundwater Over-Extraction:

o In many agricultural regions (e.g., India, Central Valley in California), aquifers are being

depleted faster than they recharge.
3. Urbanization:

o Increases impervious surfaces, reducing groundwater recharge and increasing surface

runoff, which leads to flooding and water pollution.
4. Climate Change Effects:

o Alters precipitation patterns, intensifies droughts and floods, and disrupts glacial melt

cycles.
o Increases water stress for billions of people worldwide.

The altered water cycle interacts with other biogeochemical cycles, exacerbating ecological vulnerabilities

and undermining food and water security.

3.2.4 Feedback Loops and Tipping Points in Earth Systems

The Earth's systems exhibit nonlinear behavior, where small changes can lead to amplified responses or

irreversible shifts. This is due to feedback loops and tipping points.

Feedback Loops:
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1. Positive Feedback (amplifying):

o Arctic Ice Melt: Less ice means lower albedo (reflectivity), more solar absorption, and more

warming.

o Permafrost Thaw: Releases methane, a potent greenhouse gas, which further accelerates

warming.
2. Negative Feedback (stabilizing):

o Increased vegetation growth in some regions may absorb more CO-, partially offsetting

emissions.
Tipping Points:

A tipping point is a threshold beyond which a system shifts to a new state that may be difficult or

impossible to reverse.
Examples include:
e Greenland Ice Sheet collapse: Could lead to meters of sea-level rise.

e Amazon Rainforest dieback: Reduced rainfall and tree loss may convert the rainforest into

savannah.

o Disruption of Atlantic Meridional Overturning Circulation (AMOC): Affects global climate

patterns, including monsoons.

The interaction of altered biogeochemical cycles with these feedbacks and thresholds heightens the risk of

systemic collapse and unpredictable climate scenarios.

3.3 Anthropocene as a Geological Time Unit

3.3.1 Criteria for Defining Geological Epochs

The International Commission on Stratigraphy (ICS), under the International Union of Geological

Sciences (IUGS), sets the standards for defining geological time units.
Key Criteria Include:

1. Global Stratigraphic Marker (GSSP):
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o Often called a “golden spike,” this is a physical reference point in the geological record that

marks the boundary between time units.
o It must be global in reach, clearly identifiable, and datable.
2. Distinctive Stratigraphic Signals:

o These signals can include shifts in chemical composition, fossil content, magnetic

properties, or sediment characteristics.
o The signal must be synchronous and persistent across different locations worldwide.

3. Sufficient Duration:

o Geological epochs typically span thousands to millions of years, so an epoch must reflect

a time frame with significant change.

4. Global Impact:

o The processes marking a new epoch must be globally significant—not confined to a local

or regional context.

To propose the Anthropocene as a formal epoch, scientists must show that human-induced changes meet

these criteria with sufficient evidence.
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3.3.2 Evidence of Anthropocene in Sediments, Ice Cores, and Fossil Records

Geological records provide physical evidence of Earth’s history. For the Anthropocene, scientists look for

new, human-made or human-influenced markers that did not exist in prior epochs.
1. Sedimentary Records:

e Plastics: Found in marine and lake sediments worldwide, plastics are durable and chemically

distinct synthetic materials, now integrated into Earth's stratigraphy.
e Fly Ash: Microscopic particles from coal combustion, widespread in post-industrial sediments.

o Heavy Metals: Lead, mercury, and other industrial by-products have accumulated in sediment

layers globally.
2. Ice Cores:

e Ice cores from Greenland and Antarctica show sharp increases in greenhouse gases (CO2, CHa)

during the industrial period.

o Traces of radioactive isotopes, such as Plutonium-239, from nuclear bomb testing in the mid-20th

century, serve as a global stratigraphic marker.
3. Fossil Record:

e The “technofossil” concept refers to materials or artifacts created by humans (e.g., concrete,

aluminum, microplastics) that are likely to fossilize.

e Species extinction and the rapid spread of domesticated species (cows, chickens, rats) also leave a

distinctive biological footprint.

This stratigraphic evidence is increasingly used to argue that the Anthropocene represents a distinct

geological layer.
3.3.3 Industrial Revolution and “Great Acceleration” as Markers

Two major historical periods are often proposed as potential starting points for the Anthropocene:

1. Industrial Revolution (~1750-1800):
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e Marks the beginning of widespread fossil fuel combustion, especially coal, leading to large-scale

CO: emissions.

e Invention of the steam engine, mechanized industry, and rapid urbanization initiated profound

environmental changes.
o Some scientists argue this marks the onset of sustained human impact on the climate and biosphere.
2. The Great Acceleration (Post-1945):
o Coined by researchers to describe the exponential growth in human activity after World War II.
o Key indicators include:

o Massive rise in population, energy use, fertilizer application, transportation, and

resource consumption.
o Emergence of nuclear technology, synthetic chemicals, and globalized economic systems.

e The presence of radioactive fallout from atomic testing (especially in 1945-1963) has been

proposed as a clear global marker for the beginning of the Anthropocene.

Many members of the Anthropocene Working Group (AWG) favor the mid-20th century as the formal

boundary due to the abundance and clarity of stratigraphic signals from this period.

3.3.4 Global Scientific Debate on Formal Recognition

The proposal to recognize the Anthropocene as a formal geological epoch has sparked intense debate

across scientific, philosophical, and political domains.
1. Support for Recognition:

e Advocates argue that the scale and permanence of human impact on Earth's systems are

unprecedented and geologically observable.

e Recognition would help align scientific understanding with current environmental realities,

influencing policy and education.

e The Anthropocene Working Group (AWG) voted in favor of formal recognition in 2019 and
proposed Crawford Lake in Canada as a potential GSSP site due to its clear, annually layered

sediments.

2. Skepticism and Criticism:
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o Some geologists argue that the Anthropocene is too brief (less than a century) to qualify as an epoch.

o Critics note that current changes may be transient and that it is premature to declare a new epoch

without clearer long-term stratigraphic evidence.
3. Philosophical and Ethical Dimensions:

e The term "Anthropocene" has been criticized for implying collective responsibility, when in

reality, environmental degradation is unevenly distributed.
e Alternative terms have emerged:
o Capitalocene: Emphasizes the role of capitalism and industrial expansion.
o Plantationocene: Focuses on colonial extraction and land exploitation.
o Technocene: Highlights the dominance of technological systems.
4. Status as of Now:
e As of recent updates, the Anthropocene has not yet been officially ratified by the [UGS.

e However, it is widely accepted as a working concept across environmental science, social science,

literature, and policy.
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1. Who first popularized the term "Anthropocene'?
a) James Lovelock
b) Paul Crutzen
c) Charles Lyell
d) Rachel Carson
2. Which of the following is considered a key geological marker of the Great Acceleration?
a) Iron tools
b) Volcanic ash
¢) Nuclear fallout
d) Cave paintings
3. What does GSSP stand for in geological classification?
a) Global System for Stratified Points
b) General Sediment Sample Protocol
c) Global Stratigraphic Signal Pattern
d) Global Boundary Stratotype Section and Point
4. Which site has been proposed as a potential GSSP for the Anthropocene?
a) Amazon Rainforest
b) Himalayas
c¢) Crawford Lake
d) Sahara Desert

3.4 Human Footprint in the Anthropocene
3.4.1 Land-Use Change and Urbanization
Definition and Scope:

Land-use change is the process of altering the natural landscape for human purposes, including agriculture,
urban development, infrastructure, and industrial use. It is considered a primary driver of environmental

change in the Anthropocene.
Forms of Land-Use Change:

e Agricultural expansion: Conversion of forests, wetlands, and grasslands into croplands and

pasture. The global area of cropland has more than doubled since 1900.
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o Deforestation: Driven largely by commercial logging, cattle ranching, and palm oil plantations.

Tropical forests are particularly affected.

o Urbanization: The proportion of the global population living in cities has increased from about
30% in 1950 to over 56% today, and is expected to reach 68% by 2050.

o Infrastructure development: Construction of roads, dams, airports, and industrial zones fragments

ecosystems and disrupts wildlife corridors.
Ecological and Environmental Impacts:
o Habitat fragmentation and loss: A leading cause of species extinction.
e Soil degradation: Includes erosion, compaction, and nutrient depletion.
o Hydrological disruption: Changes in water flow due to sealed surfaces and drainage networks.

o Increased greenhouse gas emissions: Especially CO2 and CH4 from land clearing and peatland

conversion.
Case Example:

The Amazon Basin has lost over 17% of its forest cover in the last 50 years due to land-use change,

threatening biodiversity and global climate regulation.

3.4.2 Resource Extraction and Biodiversity Loss
Resource Extraction:

Refers to the removal of natural resources—minerals, fossil fuels, forests, and water—for economic use.
The global economy is currently consuming over 100 billion tonnes of materials per year, a fourfold

increase since 1970.
Key Sectors:

e Mining: For metals, rare earths, and construction materials. Leads to land degradation, water

pollution, and toxic waste.
e Oil and gas extraction: Causes deforestation, emissions, and ecological disruption.

o Freshwater extraction: Over 70% of freshwater globally is used for agriculture, often leading to

aquifer depletion.
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Biodiversity Loss:

Describes the rapid decline in species abundance, diversity, and genetic variation due to human

activities.
Main Drivers (IPBES Report, 2019):
1. Land and sea use change (e.g., agriculture, urbanization)
2. Direct exploitation of organisms (e.g., overfishing, hunting)
3. Climate change
4. Pollution
5. Invasive alien species
Extinction Crisis:

We are currently in the midst of a sixth mass extinction, with over 1 million species at risk of extinction

within the coming decades. Species are going extinct at 100 to 1,000 times the natural background rate.
Loss of Ecosystem Services:
Biodiversity underpins ecosystem functions such as:
e Pollination
o Water purification
e Disease control
e Soil fertility
Case Example:

The decline of global insect populations—such as pollinators like bees—threatens food security and

ecosystem stability.

Did You Know?

“Over 75% of the Earth's land surface has been significantly altered by human activities,
primarily due to resource extraction, agriculture, and infrastructure development. This has led to
an unprecedented rate of biodiversity loss, with over 1 million species currently threatened with

extinction, according to the IPBES Global Assessment Report (2019).”
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3.4.3 Plastic, Chemical Pollution, and Technofossils
Plastic Pollution:

Plastic production has increased from 2 million tonnes in 1950 to over 400 million tonnes per year today.

It is now found:

In every ocean, including the Mariana Trench

In soil, disrupting soil microbiomes

In organisms, from plankton to whales
e In humans, through microplastic ingestion via food and water

Plastics are non-biodegradable and can persist in the environment for centuries, entering the stratigraphic

record as technofossils.
Chemical Pollution:
Includes:
o Pesticides and herbicides: Affect soil health and non-target species.

e Industrial chemicals: Including PCBs, dioxins, and PFAS (“forever chemicals”), which resist

breakdown and accumulate in ecosystems.

o Pharmaceuticals and hormones: Enter waterways, altering reproductive systems in fish and

amphibians.

These pollutants have bioaccumulative and toxic effects, disrupting endocrine, neurological, and

reproductive functions in wildlife and humans.
Technofossils:

These are artificial materials produced by humans that are likely to be preserved in future geological

strata. Examples include:
e Concrete
e Aluminum

Plastics

Synthetic chemicals
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Technofossils are used as markers to define the stratigraphic boundary of the Anthropocene.

3.4.4 Climate Risk, Inequality, and Socio-Economic Footprints
Climate Risk:

Refers to the increased likelihood of environmental hazards due to climate change, which are often

worsened by human vulnerabilities.

Types of risks include:
o Extreme weather: Hurricanes, droughts, floods, and heatwaves.
e Sea-level rise: Threatening coastal and island communities.

e Glacial melt and water scarcity: Affects agriculture and drinking water supply in regions

dependent on snowmelt (e.g., Himalayas, Andes).

These risks are unevenly distributed, with vulnerable communities often facing the most severe

consequences.
Inequality:

The Anthropocene is marked by environmental injustice, where those least responsible for environmental

degradation are most affected by it.
Examples:

o Small island states face existential threats from rising seas despite contributing less than 1% to

global emissions.
e Low-income communities often live near toxic industrial sites (e.g., in "sacrifice zones").

e Women and children in the Global South are disproportionately affected by food and water

insecurity.
Socio-Economic Footprints:
These refer to the measurable impacts of human consumption and production on Earth's systems.
Key indicators include:
o Ecological footprint: Area required to produce resources and absorb waste.

o Carbon footprint: Total emissions per individual, organization, or product.
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e Material footprint: Total raw materials used to satisfy consumption.

High-income countries tend to have outsized footprints, exceeding planetary boundaries, while low-

income nations often remain within them but suffer the consequences of global overshoot.
Ethical and Political Dimensions:
o Raises questions of accountability, equity, and sustainability.

o Calls for just transitions, climate reparations, and stronger global governance mechanisms.

“Activity: Climate Inequality Role-Play”

Students role-play as representatives from high-emission and climate-vulnerable countries at a climate
summit. Each group presents their nation’s climate footprint, risks faced, and demands for global action.
This activity encourages understanding of climate justice, negotiation, and the socio-economic

disparities driving unequal impacts in the Anthropocene.

3.5 Summary

< The Anthropocene is a proposed geological epoch defined by significant human influence on Earth's

systems, particularly since the Industrial Revolution.

¢ The term was popularized by Paul Crutzen, highlighting how human actions have become a dominant

geological force.

« Scientists debate the start date of the Anthropocene, with proposals ranging from early agriculture to

the post-World War II Great Acceleration.

¢ The carbon cycle has been severely altered by fossil fuel use and deforestation, leading to increased

atmospheric CO: and global warming.

% Human-driven changes to the nitrogen and phosphorus cycles, especially through industrial

agriculture, have caused pollution, eutrophication, and biodiversity loss.

«» The hydrological cycle is disrupted by dams, groundwater extraction, and climate change, affecting

freshwater availability and ecosystem health.

“» Feedback loops and tipping points, such as Arctic ice melt and rainforest dieback, pose risks of abrupt

and irreversible Earth system changes.
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The formal recognition of the Anthropocene as a geological epoch is still under scientific debate, based

on stratigraphic evidence like plastics and nuclear fallout.

Land-use change and urbanization have transformed natural landscapes, causing habitat

fragmentation and ecological degradation.

Intensified resource extraction has driven widespread biodiversity loss, contributing to what scientists

call the sixth mass extinction.

The spread of plastic, chemical pollutants, and technofossils marks a new geological layer, shaping

future fossil records.

The Anthropocene is characterized by climate risks and socio-economic inequalities, where

vulnerable populations bear the greatest burden of environmental change.

Overall, the human footprint in the Anthropocene raises urgent ethical, scientific, and policy challenges

that demand global cooperation and sustainable transformation.

3.6 Key Terms

I.

Anthropocene — A proposed geological epoch marked by significant human impact on Earth's geology
and ecosystems.

Holocene — The current official geological epoch, beginning around 11,700 years ago after the last Ice
Age.

Great Acceleration — The rapid increase in human activity and environmental impact since the mid-
20th century.

Carbon Cycle — The natural movement of carbon among the atmosphere, biosphere, oceans, and
geosphere.

Biogeochemical Cycles — The circulation of chemical elements like carbon, nitrogen, and phosphorus
through Earth's systems.

Technofossils — Human-made materials (e.g., plastics, concrete) likely to be preserved in the geological
record.

Eutrophication — Nutrient enrichment of water bodies causing excessive algal growth and oxygen
depletion.

Tipping Point — A critical threshold beyond which a system shifts to a new, often irreversible state.
Land-Use Change — The alteration of natural environments for human purposes such as farming or

urban development.
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10. Biodiversity Loss — The decline in the variety and abundance of species in ecosystems.

11. Climate Inequality — Uneven distribution of climate change impacts and responsibilities across
different populations and regions.

12. GSSP (Global Boundary Stratotype Section and Point) — A physical reference point used to define

the start of a geological time unit.

3.7 Descriptive Questions

1. Explain the concept of the Anthropocene and discuss its proposed starting points with scientific

justifications.

2. Describe how human activities have altered the carbon cycle and the consequences of these changes for

the global climate system.

3. Discuss the impacts of industrial agriculture on the nitrogen and phosphorus cycles and their ecological

effects.

4. Examine how land-use change and urbanization have transformed natural landscapes in the

Anthropocene.

5. What are technofossils, and why are they considered important geological markers of the

Anthropocene?
6. Analyze the relationship between resource extraction and biodiversity loss, citing specific examples.
7. Define tipping points in Earth systems and explain their significance in the context of climate change.

8. Discuss the socio-economic dimensions of the Anthropocene, particularly how climate risk and

environmental injustice are distributed globally.

9. Evaluate the global scientific debate on whether the Anthropocene should be formally recognized as a

geological epoch.
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3.9 Case Study

Managing Urban Growth in the Anthropocene: The Case of Delhi NCR

Introduction

The Anthropocene epoch is marked by profound human influence on Earth's systems, particularly
through rapid urbanization and resource consumption. Delhi, India’s capital and a megacity within
the National Capital Region (NCR), serves as a clear example of how urban expansion in the
Anthropocene can result in severe environmental stress. This case study explores the challenges
faced by Delhi due to land-use change, pollution, and socio-economic inequality, while identifying

practical solutions for sustainable urban management.

Background

Over the past few decades, Delhi NCR has witnessed explosive population growth, uncontrolled
construction, and widespread conversion of natural ecosystems into urban land. These changes
have contributed to air and water pollution, groundwater depletion, and extreme climate
vulnerabilities such as heatwaves and flooding. The region also experiences sharp socio-economic

disparities, with slum settlements lacking access to clean air, water, and sanitation.

The situation in Delhi exemplifies the human footprint in the Anthropocene—where economic
development, if poorly managed, leads to ecological degradation and heightened climate risk for

vulnerable communities.

Problem Statement 1: Land-Use Change and Biodiversity Loss

The conversion of forests, wetlands, and farmlands into highways, housing colonies, and
industrial zones has led to the fragmentation of habitats and loss of native biodiversity in Delhi
NCR.

Solution:
Adopt land-use zoning reforms that protect ecologically sensitive areas, invest in green

infrastructure, and promote urban biodiversity corridors to maintain ecological connectivity.
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Problem Statement 2: Plastic and Chemical Pollution in Urban Ecosystems

Delhi generates over 10,000 tons of waste daily, a large portion of which includes non-

biodegradable plastic and hazardous industrial effluents that pollute rivers like the Yamuna.

Solution:
Strengthen waste segregation at source, enforce bans on single-use plastics, and implement

extended producer responsibility (EPR) policies to reduce urban plastic load.

Problem Statement 3: Climate Risk and Socio-Economic Inequality

Low-income settlements are disproportionately affected by urban heat islands, air pollution, and

poor infrastructure, exacerbating climate injustice.

Solution:
Develop inclusive climate adaptation plans that prioritize vulnerable communities, increase green

cover in low-income areas, and ensure access to clean energy and water.

MCQ Example

What is one major contributor to the urban heat island effect in cities like Delhi?
A) Increased rainfall

B) Urban green spaces

C) Extensive use of concrete and asphalt

D) Reforestation efforts

Answer: C) Extensive use of concrete and asphalt
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Unit 4: Why be Sustainable?

Learning Objectives
1. Define sustainability and explain its environmental, social, and economic dimensions.
2. Analyze the importance of sustainability for present and future generations.
3. Evaluate the impacts of unsustainable practices on ecosystems, societies, and economies.

4. Identify key drivers (e.g., climate change, resource depletion, inequality) that make sustainability

necessary.
5. Examine real-world case studies that highlight the benefits of adopting sustainable approaches.
6. Discuss ethical considerations related to intergenerational responsibility and global equity.

7. Propose practical strategies for individuals, organizations, and communities to promote

sustainability.

Content

4.0  Introductory Caselet

4.1 The Triple Bottom Line (TBL)
4.2 Social Dimension

4.3 Environmental Dimension

4.4  Economic Dimension

4.5 Summary

4.6  Key Terms

4.7  Descriptive Questions

4.8 References
4.9  Case Study
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4.0 Introductory Caselet

“Greenport at the Crossroads: Growth vs. Sustainability”

Greenport is a mid-sized coastal city that has experienced rapid economic development over the past two
decades. New factories, highways, and residential complexes have transformed it into an important hub for
manufacturing and trade. The city’s population has grown significantly, attracted by employment

opportunities and improved urban amenities.

However, this economic expansion has been accompanied by rising environmental and social concerns.
Industrial facilities discharge untreated wastewater into the main river that flows through the city, leading
to a sharp decline in water quality. Local fishing communities, who once depended on the river and coastal
waters for their livelihood, now report decreasing fish populations and loss of income. Air quality has also
deteriorated due to increased vehicular traffic and industrial emissions, causing a rise in respiratory

illnesses, especially among children and the elderly.

Despite these warning signs, some business leaders argue that stricter environmental regulations would
impose additional costs, discourage investment, and slow down economic growth. They emphasize that
jobs and competitiveness must be prioritized if the city is to continue thriving. In contrast, environmental
organizations and community groups warn that unchecked exploitation of natural resources will undermine
the city’s long-term prosperity. They highlight issues such as water scarcity, higher healthcare expenses,

and reduced attractiveness to tourists and international investors.

A recent sustainability report commissioned by the city council stresses that Greenport stands at a
crossroads. Continuing on its current path may generate short-term financial gains but risks severe long-
term losses. Alternatively, investing in renewable energy, waste management, eco-tourism, and green
technologies could provide new economic opportunities while preserving natural resources. The report
suggests that Greenport could even position itself as a national leader in sustainable urban development if

it makes deliberate choices now.

Critical Thinking Question

If you were a policymaker in Greenport, how would you balance the city’s immediate economic needs with
the long-term imperative of sustainability? Which trade-offs would you consider acceptable, and whose

interests—businesses, local communities, or future generations—should guide your decision-making?
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4.1 The Triple Bottom Line (TBL)

4.1.1 Concept and Origins of TBL

The TBL concept was first articulated by John Elkington in 1994, who argued that corporations should

prepare three separate “bottom lines”:

1. Profit (Economic) — the traditional measure of corporate success, which evaluates financial

performance, revenues, and shareholder returns.

2. People (Social) — the measure of social responsibility, including fair labor practices, community

well-being, equity, and employee welfare.

3. Planet (Environmental) — the measure of environmental stewardship, including resource

efficiency, pollution reduction, ecosystem preservation, and sustainable practices.
Origins and Influence:

e The Brundtland Commission Report (1987) laid the foundation by defining sustainable
development as “development that meets the needs of the present without compromising the ability

of future generations to meet their own needs.”

o Elkington’s TBL translated this concept into a business-oriented framework, making sustainability

measurable and actionable for organizations.

o Since then, the TBL has influenced corporate social responsibility (CSR) initiatives, sustainability

reporting, and even public policy.

Example: A company like Patagonia emphasizes TBL by producing eco-friendly products (planet),

ensuring ethical labor practices (people), while still maintaining profitability (profit).

4.1.2 ESG Framework: Environmental, Social, Governance

While the TBL is conceptual, the Environmental, Social, and Governance (ESG) framework provides a
structured set of measurable standards. It has become widely used by investors, regulators, and businesses

to evaluate an organization’s sustainability and ethical impact.
Environmental (E)

e Focuses on how organizations minimize harm to the environment.




ATLAS

SKILLTECH
UNIVERSITY

o Examples: carbon emissions reduction, renewable energy adoption, water conservation, sustainable

packaging, pollution control, waste management.

o Real-world case: Tesla is often evaluated on its contribution to reducing emissions through electric

vehicles, but also critiqued on the sustainability of its supply chain.
Social (S)
o Relates to how organizations treat people both inside and outside the company.

o Examples: workplace diversity, equity and inclusion (DEI), employee training, customer protection,

human rights in supply chains, fair wages, occupational health and safety.

o Real-world case: Starbucks invests in fair-trade coffee and employee benefits, aligning with the

social dimension of ESG.
Governance (G)
o Concerns leadership, accountability, and ethical management of organizations.

o Examples: transparent decision-making, anti-corruption measures, board independence, fair

executive compensation, compliance with laws, shareholder rights.

e Real-world case: Companies with scandals, such as Enron or Volkswagen (diesel emissions

scandal), demonstrate failures in governance.

Together, ESG criteria operationalize the TBL concept and allow organizations to be evaluated against

quantifiable standards.

Did You Know?

“The ESG framework is now a critical tool for investors worldwide, with over $35 trillion in assets
managed using ESG criteria. Companies with strong ESG performance often attract more
investment, reduce operational risks, and build long-term resilience compared to those focusing

only on financial returns.”

4.1.3 Interconnectedness of the Three Pillars



ATLAS

SKILLTECH
UNIVERSITY

The three dimensions of TBL—economic, social, and environmental—are not independent; they overlap
and influence one another. Sustainable development requires balancing these elements, as prioritizing one

at the expense of the others often leads to long-term risks.
Environmental-Social Interconnections

e Environmental degradation, such as air and water pollution, directly impacts communities by

causing health problems, displacement, and loss of livelihoods.

o Example: Oil spills harm ecosystems and simultaneously devastate the fishing communities that

rely on those ecosystems.
Social-Economic Interconnections

o Companies that invest in fair labor practices and inclusive communities often benefit from higher

productivity, employee loyalty, and consumer trust.

o Example: Unilever’s investment in fair labor across its supply chains has improved brand reputation

and sales.
Economic-Environmental Interconnections
o Energy-efficient practices can reduce operational costs while also lowering emissions.

o Example: Walmart’s investment in renewable energy not only reduces environmental impact but

also results in significant long-term cost savings.

Systems Thinking
The interconnectedness reflects the principle of systems thinking: sustainability challenges are complex

and interdependent, requiring holistic solutions rather than isolated actions.

4.1.4 Measuring Sustainability Performance

Measuring performance within the TBL framework is challenging because it requires capturing both
tangible and intangible impacts. Organizations use a combination of metrics, reporting frameworks, and

external ratings to assess their progress.
Environmental Indicators
e Carbon footprint (greenhouse gas emissions measured in CO: equivalent)

o Energy efficiency (percentage of renewable energy use, energy per unit of output)
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o Water usage and waste recycling rates
e Biodiversity impact assessments
Social Indicators
o Employee turnover and satisfaction rates
o Diversity in leadership and workforce representation
e Number of workplace accidents and safety measures
o Community investment levels (e.g., percentage of profits reinvested in local communities)
e Supply chain audits for labor rights compliance
Economic Indicators
o Traditional financial performance (profits, revenues, return on investment)
o Long-term shareholder value creation
e Economic resilience through innovation and sustainable business models
o Cost savings from energy efficiency and waste reduction programs
Frameworks and Standards
e Global Reporting Initiative (GRI): Offers comprehensive sustainability reporting guidelines.

e Sustainability Accounting Standards Board (SASB): Provides industry-specific sustainability

metrics.

o Integrated Reporting (<IR>): Encourages combining financial and non-financial reporting to

present a holistic view.

o Dow Jones Sustainability Index (DJSI) and MSCI ESG Ratings: Used by investors to benchmark

corporate sustainability performance.

Example: Microsoft reports annual progress on carbon neutrality (environment), employee diversity

(social), and ethical governance practices (governance), using GRI and other international standards.

4.2 Social Dimension

4.2.1 Human Rights and Labor Practices
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Human rights are fundamental to sustainable development. In the context of business, this involves
ensuring that operations do not violate basic human dignity and that labor practices are fair and just. Labor
exploitation, unsafe working conditions, and denial of workers’ rights undermine both social stability and

long-term business viability.
Core Elements

o Safe Working Conditions: Ensuring workplaces meet occupational health and safety standards.

o Fair Wages: Paying employees a living wage, not just minimum wage.

o Freedom of Association: Respecting workers’ rights to unionize and collectively bargain.

e No Forced or Child Labor: Complying with international conventions against exploitation.

e Non-Discrimination: Ensuring equal treatment regardless of gender, race, religion, or disability.
International Standards

e Universal Declaration of Human Rights (1948): Establishes basic human rights applicable to all.

e ILO Conventions: Set standards on forced labor, child labor, equal remuneration, and

discrimination.

e UN Guiding Principles on Business and Human Rights (2011): Provide a framework for

businesses to respect human rights.
Examples

o The Rana Plaza collapse in Bangladesh (2013) revealed unsafe factory conditions in the garment
industry, leading to international reforms and greater pressure on global brands to enforce labor

standards in their supply chains.

e Apple has faced scrutiny over working conditions at its suppliers, prompting the company to publish

annual Supplier Responsibility Reports.

4.2.2 Equity, Diversity, and Inclusion

Equity, diversity, and inclusion (EDI) are central to the social sustainability agenda. They go beyond

compliance to actively promote fairness, representation, and belonging in organizations and societies.

Key Principles
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o Equity: Providing fair access to opportunities by addressing structural inequalities. For example,

offering scholarships to underrepresented groups.

o Diversity: Ensuring that organizations reflect a wide range of identities and perspectives, including

gender, ethnicity, age, and ability.

e Inclusion: Creating cultures where diverse voices are valued, respected, and empowered to

contribute fully.
Why It Matters
o Diverse teams generate broader perspectives and foster creativity.
o Inclusive workplaces enhance employee satisfaction and reduce turnover.
o Equity promotes fairness, reducing social tensions and inequalities.
Examples

e Microsoft has implemented global diversity hiring goals and publishes annual diversity and

inclusion reports.

o Johnson & Johnson has long been recognized for its commitment to gender equality in leadership

roles.
Challenges
o Tokenism, where organizations hire diverse employees but fail to create inclusive environments.

o Implicit bias and systemic discrimination that hinder equitable opportunities.

4.2.3 Community Engagement and Social Responsibility

Community engagement ensures that organizations build positive relationships with the societies in which
they operate. It is not limited to philanthropy but includes long-term partnerships, participatory decision-

making, and shared value creation.

Forms of Engagement
o Philanthropy: Charitable donations, scholarships, and funding for social causes.
e Volunteerism: Encouraging employees to participate in community service.

e Infrastructure Development: Supporting schools, hospitals, and housing in host communities.
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o Public-Private Partnerships: Collaborating with governments and NGOs to address local

challenges.

Corporate Social Responsibility (CSR)
CSR is a structured approach through which companies integrate social and environmental concerns into

business operations. It extends beyond compliance to voluntary actions that improve societal well-being.
Examples

e (Coca-Cola’s Water Replenishment Program, aimed at returning water to nature and communities

equal to the amount used in production.

e Google’s Google.org initiative, which funds global projects in education, crisis response, and

technology access.

o Tata Group in India has a long history of CSR, contributing to healthcare, education, and rural

development.
Challenges
o Community engagement programs sometimes fail if they are top-down rather than collaborative.

e “Greenwashing” or “social-washing,” where companies exaggerate their contributions, undermines

trust.

4.2.4 Impact on Health, Education, and Quality of Life

The ultimate aim of the social dimension is to improve human well-being, encompassing health, education,
and quality of life. Organizations directly and indirectly influence these outcomes through their operations,

policies, and community initiatives.
Health

e Organizations can protect public health by reducing emissions, providing healthcare benefits to

employees, and ensuring product safety.
e Poor corporate practices, such as dumping toxic waste, can create severe public health crises.

o Example: Johnson & Johnson provides employee wellness programs, while also facing scrutiny for

product safety issues such as talcum powder litigation.

Education
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o Companies invest in education by offering training, scholarships, and skill development.
o Partnerships with schools and universities enhance local education systems and foster innovation.

o Example: IBM’s “P-TECH” schools integrate high school, college, and workplace training to

prepare students for technology careers.
Quality of Life

o Work-life balance initiatives, flexible working, housing support, and cultural investments improve

overall living standards.

o Businesses contribute indirectly through the provision of safe infrastructure, fair employment, and

sustainable urban development.

o Example: Unilever’s “Lifebuoy Handwashing Campaign” improved hygiene awareness in

developing countries, reducing preventable illnesses.
Interconnections

e Health, education, and quality of life are interconnected with equity, human rights, and community
engagement. For instance, an educated workforce improves productivity, which supports economic

sustainability, while healthier communities reduce long-term healthcare costs.

“Activity: Mapping the Social Dimension”

Students will work in small groups to analyze how a selected company addresses the four subtopics:
human rights and labor practices, equity and inclusion, community engagement, and quality of life.

Each group presents findings, highlighting strengths, weaknesses, and opportunities for improvement

in the company’s social sustainability strategy.
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Figure 4.1

4.3 Environmental Dimension

4.3.1 Resource Efficiency and Circular Economy

Resource efficiency means producing more value with fewer natural resources while minimizing waste
and emissions. It requires careful management of inputs like energy, water, raw materials, and land.
Efficiency reduces operational costs, strengthens competitiveness, and helps preserve resources for future

generations.

Circular economy extends this idea by challenging the traditional linear economic model of “take, make,
dispose.” Instead, it promotes a regenerative model in which materials and products are reused, repaired,
remanufactured, or recycled. Circularity closes resource loops, reduces dependency on virgin materials,

and minimizes waste.

Key Principles of the Circular Economy

e Design for durability: Products are built to last longer.
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e Product life extension: Encouraging repair, refurbishment, and reuse.

e Material recovery: Recycling and upcycling materials at end-of-life.

o Industrial symbiosis: One company’s waste becomes another’s input.

e Renewable inputs: Substituting fossil-based materials with renewable ones.
Examples

o IKEA: Transitioning toward a fully circular business model by 2030, using renewable or recycled

materials in all products.

e Ellen MacArthur Foundation: Global leader in promoting circular economy practices across

industries.

o Kalundborg Symbiosis (Denmark): An industrial ecosystem where companies exchange by-

products, reducing waste and saving resources.

4.3.2 Reducing Carbon Footprints and Emissions

A carbon footprint measures the total greenhouse gas (GHG) emissions associated with activities,
products, or organizations. Reducing these emissions is essential to mitigating climate change. Global
warming is driven by excessive CO2, methane (CHa), and nitrous oxide (N20O) emissions from fossil fuels,

agriculture, and industrial processes.
Key Reduction Strategies

e Renewable Energy Transition: Shifting from fossil fuels to solar, wind, hydro, and geothermal

power.
o Energy Efficiency: Upgrading buildings, appliances, and industrial processes to use less energy.
e Low-Carbon Transport: Electrification of vehicles, public transportation, and sustainable fuels.
o Carbon Offsetting: Supporting reforestation or renewable projects to neutralize emissions.

o Behavioral Shifts: Encouraging less energy-intensive consumption patterns (e.g., reduced meat

consumption, energy conservation).

Global Context
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o The Paris Agreement (2015) set international goals to keep global warming well below 2°C, with

aspirations to limit it to 1.5°C.

e The IPCC (Intergovernmental Panel on Climate Change) emphasizes urgent emissions

reductions to avoid catastrophic climate impacts.
Examples
e Google: Carbon neutral since 2007 and targeting 24/7 carbon-free energy by 2030.
o Tesla: Accelerating the transition to electric vehicles and battery storage solutions.

e Delta Airlines: Investing in sustainable aviation fuels and carbon offset programs.

4.3.3 Protecting Biodiversity and Natural Capital

Biodiversity refers to the variety of species, ecosystems, and genetic resources on Earth. Natural capital
encompasses the stock of natural resources—such as forests, water, soil, and minerals—that provide
essential ecosystem services. These services include pollination, climate regulation, water purification, and

food production.
Threats
o Deforestation, habitat destruction, and land-use change.
e Overfishing and unsustainable agriculture.
e Pollution of air, soil, and water.
e Climate change, which accelerates species extinction.
Key Strategies for Protection
o Conservation Areas: Establishing national parks and marine reserves.
o Sustainable Resource Management: Practices such as certified forestry and sustainable fisheries.
o Ecosystem Restoration: Reforestation, wetland restoration, and soil rehabilitation.

o Nature-Based Solutions: Using ecosystems to address environmental challenges (e.g., mangroves

protecting coastlines from storms).

o Corporate Stewardship: Businesses integrating biodiversity protection into supply chain

management.
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Examples

e Costa Rica: Achieved reforestation success and conservation leadership, making eco-tourism a

major part of its economy.

e Unilever: Committed to sourcing all agricultural raw materials sustainably, reducing deforestation

risks.

e  WWF (World Wide Fund for Nature): Works globally on biodiversity conservation and corporate
partnerships.

4.3.4 Adaptation and Resilience to Climate Change

Mitigation alone cannot prevent all climate impacts. Adaptation involves making adjustments to reduce
vulnerability, while resilience reflects the ability to withstand, recover, and thrive despite environmental
shocks.

Adaptation Strategies

o Infrastructure: Building flood defenses, climate-smart buildings, and heat-resistant transport

systems.

e Agriculture: Developing drought-resistant crops, changing planting cycles, and improving

irrigation systems.

o Water Management: Enhancing conservation, desalination, and stormwater management.

e Risk Planning: Establishing early-warning systems for extreme weather events.
Resilience Approaches

o Embedding climate risk assessments into corporate and government planning.

o Developing insurance mechanisms and financial tools to absorb losses.

o Strengthening community resilience through education and participatory planning.

o Diversifying supply chains to reduce climate-related disruptions.
Examples

e The Netherlands: Global leader in climate adaptation, with advanced flood defense systems and

climate-resilient urban planning.
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e African nations: Investing in drought-resistant crops and adaptive agricultural techniques to secure

food supplies.

e New York City: Developing resilience plans after Hurricane Sandy, including improved coastal

protections.

Knowledge Check 1

Climate Adaptation \ Resource Efficiency

Building resilience to
climate impacts

| Optimizing resource use
/ to minimize waste

Reduce Carbon
Footprints

Protect Biodiversity [

Preserving ecosystems
and species Lowering emissions to

combat climate change

Figure 4.2

Choose the correct option:

1. Which concept replaces the linear “take-make-dispose” model with reuse and recycling?
a) Greenwashing
b) Circular economy
c¢) Carbon neutrality
d) Sustainable finance
2. The Paris Agreement (2015) aims to limit global warming to:
a) Below 3°C
b) Below 2°C
c) Exactly 1°C
d) Above 2.5°C

3. Which of the following is an example of natural capital?

a) Factories
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b) Minerals
c) Patents
d) Machines
4. Building flood defenses and drought-resistant crops are examples of:
a) Mitigation
b) Recycling
c) Adaptation

d) Governance

4.4 Economic Dimension
4.4.1 Green Business Models and Innovation

A green business model integrates sustainability principles into core operations, products, and services. It
involves rethinking value creation so that economic success aligns with environmental responsibility and
social benefit. Innovation plays a critical role, as businesses must design new processes, technologies, and

systems to achieve sustainable outcomes.
Key Features
o Designing eco-friendly products and services.
o Integrating renewable energy and low-carbon technologies.
o Extending product life cycles through reuse, repair, and recycling.
o Developing sharing economy models (e.g., car-sharing, co-working).
o Innovating in supply chains to reduce waste and environmental impact.
Examples
o Tesla developed electric vehicles and battery technologies to reduce dependence on fossil fuels.

o Interface, a carpet manufacturer, pioneered sustainable production by recycling materials and

committing to zero carbon emissions.

o Airbnb promotes resource efficiency by maximizing the use of existing housing infrastructure.

4.4.2 Cost Savings Through Sustainable Practices
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Sustainability is not just an ethical obligation; it also creates financial benefits by lowering costs and
improving efficiency. Organizations that adopt resource-efficient practices often realize significant savings

over time.
Areas of Cost Reduction
o Energy Efficiency: Upgrading to energy-efficient lighting, appliances, and production systems.
e Waste Reduction: Minimizing waste disposal costs through recycling and circular practices.
o Water Conservation: Reducing water consumption to lower utility costs.
e Supply Chain Optimization: Sourcing locally to reduce transportation costs.
e Material Efficiency: Using fewer raw materials through improved design.
Examples

e Walmart’s sustainability programs, including energy-efficient logistics and packaging reduction,

save millions annually.

e Unilever reports substantial savings from reducing waste, energy, and water usage across its

factories.

o Toyota’s lean manufacturing principles eliminate waste and cut costs while boosting productivity.

4.4.3 Risk Management and Long-Term Value Creation

Sustainability is closely linked to risk management and the ability to create long-term value for
stakeholders. Ignoring environmental and social factors can expose companies to legal, reputational,
financial, and operational risks. Conversely, integrating sustainability reduces vulnerabilities and

strengthens resilience.
Types of Risks
o Regulatory Risks: Stricter environmental laws can increase compliance costs.
o Reputational Risks: Poor sustainability practices can harm brand image.
e Operational Risks: Resource scarcity or supply chain disruptions can impact business continuity.

o Financial Risks: Fines, lawsuits, and declining investor confidence.

Long-Term Value Creation
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e Building trust with customers, employees, and communities.
e Attracting investors interested in stable, responsible companies.
o Gaining competitive advantage through innovation and reputation.
e Securing license to operate by aligning with societal expectations.
Examples
o BP faced severe reputational and financial losses after the Deepwater Horizon oil spill (2010).

o Nestlé¢ invests in sustainable agriculture to secure long-term supply of raw materials like coffee and

cocoa.

e Microsoft integrates climate risk into its strategy, aiming for long-term resilience and profitability.
Did You Know?

“Companies that integrate sustainability into risk management are more resilient. A Harvard study found
firms with strong sustainability policies outperformed peers by 4.8% annually in stock returns.
Addressing environmental, social, and governance risks not only protects reputation but also drives

long-term value creation and investor confidence.”

4.4.4 ESG Investing and Corporate Governance

ESG investing incorporates environmental, social, and governance criteria into financial decision-making.
Investors increasingly use ESG factors to identify companies that are better prepared for future challenges

and capable of delivering sustainable returns.

Environmental Criteria: Emissions reduction, resource use, renewable energy.
Social Criteria: Employee rights, diversity, community engagement.

Governance Criteria: Transparent leadership, board diversity, ethical practices.

Corporate Governance plays a vital role in ensuring accountability and sustainability within
organizations. Effective governance structures enable companies to implement sustainability strategies,

avoid corruption, and align executive decisions with long-term goals.

Trends in ESG Investing

e Growth in sustainable finance: ESG assets are projected to exceed $50 trillion globally by 2025.
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o Integration of ESG into mainstream financial markets through indices (e.g., MSCI ESG Index, Dow

Jones Sustainability Index).

o Regulatory pressures: Governments and financial regulators require greater transparency in ESG

disclosures.

Examples

o BlackRock, the world’s largest asset manager, prioritizes ESG in its investment strategy.

e Tesla is widely considered in ESG portfolios for clean energy, though criticized for labor and

governance concerns.

e Unilever’s strong governance and sustainability commitments make it a leader in ESG investing.

4.5 Summary

Sustainability rests on balancing the triple bottom line (TBL): people, planet, and profit.

The ESG framework (Environmental, Social, Governance) provides measurable criteria for

evaluating sustainability performance.

The social dimension emphasizes human rights, fair labor, equity, diversity, inclusion, and community

well-being.
Protecting health, education, and quality of life are central to social sustainability.

The environmental dimension focuses on conserving resources, reducing emissions, and protecting

biodiversity.
Circular economy practices aim to close loops and minimize waste in production and consumption.
Reducing carbon footprints is vital for meeting global climate commitments like the Paris Agreement.

Protecting natural capital and biodiversity ensures the resilience of ecosystems and economic

stability.

Adaptation and resilience strategies prepare societies and businesses for the unavoidable impacts of

climate change.

The economic dimension links sustainability to financial viability, competitiveness, and innovation.

Green business models align profitability with environmental responsibility and social value creation.
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Cost savings arise from sustainable practices such as energy efficiency, waste reduction, and supply

chain optimization.

« ESG investing and strong corporate governance drive accountability, reduce risks, and create long-term

value.

4.6 Key Terms

1. Sustainability — Meeting present needs without compromising the ability of future generations to meet

theirs.
2. Triple Bottom Line (TBL) — A framework measuring success across people, planet, and profit.

3. ESG Framework — Criteria assessing Environmental, Social, and Governance performance of

organizations.

4. Circular Economy — An economic system focused on reuse, repair, recycling, and regeneration of

resources.

5. Carbon Footprint — The total greenhouse gas emissions caused by an individual, product, or

organization.
6. Natural Capital — The world’s stocks of natural resources like forests, soil, water, and biodiversity.

7. Equity, Diversity, and Inclusion (EDI) — Ensuring fairness, representation, and belonging in

organizations and societies.

8. Corporate Social Responsibility (CSR) — Voluntary business actions to contribute to social and

environmental well-being.
9. ESG Investing — Investment approach integrating environmental, social, and governance factors.

10. Climate Resilience — The ability of systems and communities to withstand and recover from climate

impacts.

4.7 Descriptive Questions

1. Explain the concept of the Triple Bottom Line (TBL) and discuss its origins.

2. Differentiate between the TBL framework and the ESG framework, providing suitable examples.




ATLAS

SKILLTECH
UNIVERSITY

3. Discuss the importance of human rights and fair labor practices in the social dimension of

sustainability.

4. How do equity, diversity, and inclusion (EDI) contribute to organizational effectiveness and social

sustainability?
5. Describe the role of community engagement in achieving social responsibility.
6. Explain how sustainability impacts health, education, and quality of life in communities.
7. What is meant by the circular economy, and how does it differ from the linear economic model?
8. Suggest measures organizations can adopt to reduce their carbon footprint.
9. Why is the protection of biodiversity and natural capital vital for long-term economic stability?
10. Distinguish between climate change mitigation, adaptation, and resilience, with examples.
11. Discuss how green business models encourage innovation and sustainable growth.
12. Explain how sustainable practices can lead to significant cost savings for organizations.

13. Analyze the importance of ESG investing and corporate governance in creating long-term value.
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Answers to Knowledge Check

Knowledge Check 1

1. b) Circular economy
2. b) Below 2°C

3. b) Minerals

4. c) Adaptation
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4.9 Case Study

Balancing Growth and Sustainability: The Case of EcoSteel Ltd.

Introduction

EcoSteel Ltd., a mid-sized steel manufacturing company, has grown rapidly in recent years due to
rising infrastructure demand. However, the company faces mounting criticism for its
environmental practices. With high carbon emissions, excessive water usage, and untreated waste
discharge, EcoSteel is under pressure from regulators, investors, and communities to adopt
sustainable practices. At the same time, the company must remain profitable and competitive in a
resource-intensive industry. This case study explores EcoSteel’s challenges and possible solutions

in aligning economic growth with sustainability goals.

Background

EcoSteel operates in a sector notorious for environmental impacts. Steelmaking consumes
significant energy and contributes heavily to global CO. emissions. Communities living near
EcoSteel’s plants have reported respiratory issues and polluted water sources. Investor groups are
also questioning the company’s long-term value given the lack of sustainability initiatives.
Management is considering transitioning toward greener business models, such as adopting
renewable energy, recycling steel scrap, and investing in cleaner technologies, but fears high

upfront costs and potential disruptions.

Problem Statement 1: High Carbon Emissions and Energy Dependency

EcoSteel’s operations rely heavily on coal-based energy, making it a high emitter of greenhouse

gases. This exposes the company to regulatory risks and reputational damage.

Solution: Transition gradually to renewable energy sources (solar and wind), implement energy

efficiency measures, and invest in carbon capture technologies.

MCQ:
What is the most effective way for EcoSteel to reduce its carbon footprint?

a) Continue coal-based energy for cost savings

b) Invest in renewable energy and efficiency measures
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¢) Avoid compliance with emission norms
d) Export operations to less regulated regions

Answer: b) Invest in renewable energy and efficiency measures

Problem Statement 2: Water Usage and Pollution

EcoSteel consumes large volumes of freshwater in its cooling systems and discharges untreated

wastewater into rivers, creating conflict with nearby communities.

Solution: Adopt water recycling technologies, treat wastewater before release, and explore

rainwater harvesting to reduce freshwater dependency.

MCQ:

Which measure best addresses EcoSteel’s water sustainability challenge?
a) Increase water extraction from rivers

b) Ignore community complaints

c¢) Implement water recycling and wastewater treatment

d) Depend on government water subsidies

Answer: c) Implement water recycling and wastewater treatment

Problem Statement 3: Investor Concerns About Long-Term Value

EcoSteel’s investors worry about risks from climate regulations, lawsuits, and reputational

damage. They demand stronger ESG commitments.

Solution: Publish annual sustainability reports, adopt global standards (GRI, SASB), and integrate

ESG criteria into corporate governance.

MCQ:

How can EcoSteel rebuild investor trust in long-term value?
a) Avoid sustainability reporting

b) Focus only on short-term profits

¢) Adopt ESG reporting and sustainable governance

d) Delay action until regulations force compliance

Answer: ¢) Adopt ESG reporting and sustainable governance
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Conclusion

EcoSteel’s case highlights the interconnectedness of sustainability’s environmental, social, and
economic dimensions. By adopting green technologies, improving resource efficiency, and
strengthening ESG governance, the company can mitigate risks, enhance its reputation, and create

long-term value. Though initial costs may be high, sustainability offers strategic opportunities for

resilience and competitiveness in a changing world.
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Unit 5: Environmental Law and ESG

Learning Objectives

1. Define environmental law and explain its purpose in regulating human interactions with the
environment.
2. Identify major international agreements (e.g., Paris Agreement, Kyoto Protocol) and national
legislations that govern environmental protection.
3. Analyze the role of Environmental Law in addressing issues such as pollution control,
biodiversity conservation, and climate change mitigation.
4. Explain the concept of ESG (Environmental, Social, Governance) and its importance in
sustainable business practices.
5. Differentiate between environmental law compliance and voluntary ESG commitments made by
corporations.
6. Evaluate how ESG frameworks influence investment decisions and corporate accountability.
7. Examine case studies where strong ESG practices reduced risks and enhanced long-term value for
stakeholders.
8. Propose strategies for integrating environmental law and ESG frameworks into business
operations to ensure sustainability and legal compliance.
Content
5.0  Introductory Caselet
5.1 Key Environmental Laws in India
5.2 Environment Protection Act, 1986
53 Air Act (1981), Water Act (1974), and Hazardous Waste Rules (2016)
54  Energy Conservation (Amendment) Act, 2022
5.5  Overview of ESG Framework in India
5.6  Summary
5.7 Key Terms
5.8 Descriptive Questions
5.9  References
5.10 Case Study
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5.0 Introductory Caselet

“Compliance versus Commitment: The Story of GreenTech Energy”

GreenTech Energy, a large power generation company, has historically relied on coal-fired plants to meet
the growing demand for electricity in its region. Over the past decade, however, it has faced increasing

pressure from regulators, investors, and the public to adopt more sustainable practices.

The government recently introduced stricter environmental laws that mandate reductions in greenhouse gas
emissions, tighter limits on air pollutants, and mandatory environmental impact assessments for all new
projects. While GreenTech has complied with minimum legal requirements, critics argue that its approach

is reactive and does not go beyond compliance.

At the same time, global investors and stakeholders are emphasizing Environmental, Social, and
Governance (ESG) performance. Several of GreenTech’s competitors have adopted ESG frameworks,
committing to renewable energy transitions, transparent governance, and community engagement. As a

result, these competitors are attracting international investment and enjoying stronger reputations.

GreenTech’s management now faces a strategic dilemma: should it continue to meet only legal
requirements, which ensures short-term compliance but risks losing investor confidence, or should it
integrate ESG practices that may involve higher upfront costs but promise long-term value, resilience, and

competitiveness?

Critical Thinking Question

If you were part of GreenTech Energy’s leadership team, how would you balance the legal obligations

under environmental law with the broader expectations of ESG investors? What trade-offs and

opportunities would you prioritize to ensure both compliance and long-term sustainability?
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5.1 Key Environmental Laws in India
5.1.1 Historical Background of Environmental Legislation in India
Introduction

The evolution of environmental legislation in India reflects a journey from resource control to a more
sustainable and rights-based framework. Historically, the environment was not seen as a standalone
subject of governance, but rather as a byproduct of concerns around resource management, public health,
industrial development, and disaster response. Environmental awareness and comprehensive legal
measures gained momentum post-Independence, especially after India's participation in international

environmental discourse and the experience of major ecological disasters.

Pre-Independence Period

During British rule, environmental laws were mainly framed with the intention of controlling access to
natural resources—particularly forests and wildlife—for purposes of administration and revenue
collection. Sustainability or ecological balance was not the primary goal, and local communities were

often marginalized in the process.
e Indian Forest Act, 1927

o Focused on regulating the use of forests and empowered the colonial government to declare

areas as reserved forests.

o While it aided in controlling deforestation to some extent, it also restricted traditional and

customary rights of tribal and forest-dwelling communities.
e Wild Birds and Animals Protection Act, 1912
o One of the earliest statutory attempts to conserve wildlife in India.

o Its scope was limited and primarily served the purpose of game regulation rather than

biodiversity protection.

Post-Independence to 1970s

In the initial decades after Independence, rapid industrialization, agricultural expansion, and

infrastructure development were national priorities. Environmental concerns were subsumed under

other economic and health-related legislations and received little direct attention.
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o Environmental safeguards existed only indirectly in laws related to:
o Factories (e.g., health and safety of workers),
o Mines (e.g., prevention of hazards),
o Public health (e.g., sanitation and water contamination).

However, a major shift occurred with the 42nd Constitutional Amendment in 1976, which formally

introduced environmental protection as a constitutional obligation for both the State and citizens:
o Article 48A (Directive Principles of State Policy):

o Directs the State to protect and improve the environment and safeguard forests and
wildlife.

o Atrticle 51A(g) (Fundamental Duties):

o Imposes a duty on every citizen to protect and improve the natural environment,

including forests, lakes, rivers, and wildlife, and to have compassion for living creatures.

This amendment laid the ideological and legal foundation for future environmental legislation in India.

Post-1970s — Era of Comprehensive Environmental Legislation

The 1970s and 1980s marked a turning point in India's environmental history, as both global influences

and domestic environmental crises prompted the formulation of targeted laws.
e Global Influence — Stockholm Conference (1972):

o India’s participation in the first United Nations Conference on the Human Environment led
to the creation of the National Committee on Environmental Planning and Coordination

(NCEPC)—the first step toward institutionalizing environmental governance.
e Domestic Triggers — Environmental Disasters:

o Events like the Bhopal Gas Tragedy (1984) shocked the nation and highlighted the

inadequacy of existing environmental safeguards.
Key Legislations Introduced:

e Water (Prevention and Control of Pollution) Act, 1974

o First major environmental law in independent India.
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o Established the Central and State Pollution Control Boards (CPCB & SPCBs) to monitor

and control water pollution.
e Air (Prevention and Control of Pollution) Act, 1981
o Addressed rising concerns about air pollution, particularly in industrial and urban areas.
o Empowered boards to set standards and enforce pollution control measures.
e Environment (Protection) Act, 1986
o Enacted in response to the Bhopal disaster.

o Served as an umbrella legislation, giving the central government sweeping powers to

regulate and protect the environment.

o Provided the basis for rules on hazardous waste, chemical safety, and environmental impact

assessments (EIA).

Modern Framework — Holistic and Specialized Legislation

In recent decades, India’s environmental legal regime has evolved into a comprehensive and

multidimensional framework, addressing specific sectors and concerns through specialized laws.
¢ Wildlife Protection Act, 1972

o Provides for protection of endangered species, regulation of hunting, and establishment of

national parks and wildlife sanctuaries.
o Biological Diversity Act, 2002

o Introduced to meet India’s commitments under the Convention on Biological Diversity
(CBD).

o Aims to preserve biodiversity, ensure fair sharing of genetic resources, and protect

traditional knowledge.
o National Green Tribunal (NGT) Act, 2010

o Established a specialized environmental court to handle cases related to environmental

protection and conservation of natural resources.

o Ensures speedy and expert adjudication of environmental disputes.
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5.1.2 Role of Judiciary and Public Interest Litigations (PILs)

The Indian judiciary has played a transformative role in the development of environmental law, particularly
through its interpretation of constitutional provisions and by entertaining Public Interest Litigations (PILs)
filed on behalf of affected communities and environmental causes. In the absence of proactive measures by
the executive or legislature, the courts have often acted as custodians of environmental justice, stepping in

to protect public health, natural resources, and ecological balance.

A key judicial innovation has been the expansion of Article 21 of the Constitution, which guarantees the
Right to Life. The courts have interpreted this article to include the right to a clean, healthy, and pollution-
free environment. This broadened interpretation has provided a constitutional foundation for enforcing

environmental rights.
Judicial Innovations and Principles Adopted:

o Right to Environment under Article 21:
The judiciary expanded the scope of Article 21 to cover environmental protection, recognizing
that a degraded environment threatens life and dignity. This interpretation has become the bedrock

of environmental jurisprudence in India.

e Polluter Pays Principle:
This principle holds that whoever causes environmental harm must bear the cost of managing and
remedying it. The court has used this to impose compensation and clean-up obligations on

industries responsible for pollution.

e Precautionary Principle:
Adopted from international law, this principle asserts that lack of complete scientific certainty is
no reason to postpone measures that prevent environmental degradation. Indian courts have

invoked this to justify preemptive regulation.

o Public Trust Doctrine:
According to this principle, the State is a trustee of natural resources like air, water, forests, and
wildlife, and cannot transfer these resources for private ownership or uncontrolled use. The courts

have enforced this doctrine to prevent ecological harm caused by unchecked development or

privatization.
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Landmark PIL Cases and Their Significance:

M.C. Mehta v. Union of India (1986):

One of the most significant environmental PILs, this case led the Supreme Court to order the
closure and relocation of polluting industries near the Taj Mahal and in Delhi. The court also
developed the concept of “absolute liability” for hazardous industries, removing the defense of

absence of negligence.

Subhash Kumar v. State of Bihar (1991):
The court held that the right to access clean drinking water and live in a pollution-free
environment is part of the right to life under Article 21. This case established water and air quality

as justiciable rights.

Vellore Citizens’ Welfare Forum v. Union of India (1996):
The Supreme Court explicitly introduced the Precautionary Principle and Polluter Pays Principle
into Indian law, stating that these are part of the law of the land. The case dealt with tanneries

polluting groundwater in Tamil Nadu and ordered their regulation.

Indian Council for Enviro-Legal Action v. Union of India (1996):
The court reinforced the liability of industries causing pollution, directing them to compensate

affected communities and restore damaged environments. It emphasized that economic

development must not come at the cost of ecological sustainability.
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Impact of Judicial Activism in Environmental Governance:

e Enforceable Environmental Compliance:
Through judgments and directives, the courts made it mandatory for industries, municipal bodies,
and public authorities to adhere to environmental standards. Non-compliance often results in

penalties, closures, or corrective orders.

e Creation of the National Green Tribunal (NGT):
Though established by legislation in 2010, the idea of an exclusive forum for environmental
matters was consistently advocated by the judiciary. The NGT now serves as a specialized body

for handling environmental cases, reflecting the judiciary’s role in shaping institutional reforms.

e Monitoring of Government Policies:
The courts have monitored implementation of solid waste rules, vehicular emissions, river
cleaning efforts, and forest protection programs through continuous mandamus and case-by-case

review.

e Access to Justice for Marginalized Communities:
Through PILs, the judiciary has provided legal standing to individuals, NGOs, and activists who
represent the interests of those unable to approach the courts directly, such as tribal communities,

slum dwellers, and rural populations affected by industrial or infrastructure projects.

e Development of Environmental Norms and Guidelines:
Courts have issued guidelines for Environmental Impact Assessments (EIA), public hearings, and
the grant of environmental clearances, thereby contributing to regulatory mechanisms in the

absence of detailed legislation.

Did You Know?

“India is a global pioneer in using Public Interest Litigations (PILs) for environmental protection. In

the landmark M.C. Mehta v. Union of India case, the Supreme Court linked the Right to Life (Article

21) with the right to a clean environment, reshaping environmental jurisprudence worldwide.”
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5.1.3 International Agreements Influencing Indian Environmental Law
India’s environmental law is closely tied to its commitments under global treaties and conventions.
Key Milestones and Impacts
1. Stockholm Conference on Human Environment (1972)
o India’s first major exposure to global environmental governance.

o Prompted creation of the Department of Environment (1980) and later the Ministry of

Environment and Forests (1985).
2. Rio Earth Summit (1992)
o Introduced concepts of sustainable development and Agenda 21.
o India incorporated these into the National Environment Policy, 2006.
3. Convention on Biological Diversity (1992)
o India ratified this and enacted the Biological Diversity Act, 2002.

4. Kyoto Protocol (1997) and Paris Agreement (2015)

o Committed India to reducing carbon intensity and enhancing renewable energy adoption.
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o Inspired domestic policies such as the National Action Plan on Climate Change (2008) and

state-level action plans.
5. Basel Convention (1989)
o Influenced India’s Hazardous Wastes (Management and Handling) Rules.
6. Montreal Protocol (1987)
o India phased out ozone-depleting substances in compliance with this treaty.
Resulting Shift
o International treaties shifted Indian law from piecemeal approaches to integrated frameworks.

o They pushed India toward harmonization of national regulations with global standards.

5.2 Environment Protection Act, 1986

5.2.1 Objectives and Provisions

Objectives
1. To create a comprehensive framework for the protection and improvement of the environment.
2. To implement decisions made at the 1972 Stockholm Conference on Human Environment.
3. To fill gaps left by earlier laws by providing wide-ranging powers to the government.

4. To coordinate activities of state and central agencies to ensure a uniform approach to environmental

protection.
5. To regulate hazardous industries and safeguard human health.
Key Provisions of the Act

e Section 3(1): Empowers the central government to take necessary measures to protect and improve

environmental quality.

e Section 6: Authorizes the government to establish standards for emissions, effluents, noise, and

environmental quality.

e Section 7: Prohibits the discharge of pollutants in excess of prescribed limits.

e Section 8: Mandates safe handling of hazardous substances.
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o Section 9: Requires immediate notification of accidental releases of pollutants and corrective action.

e Section 10: Grants power to government authorities to inspect, search, and seize in case of

violations.
e Section 15: Provides penalties—imprisonment up to five years, fines, or both—for contraventions.

The wide scope of the Act makes it the foundation for many subsequent environmental rules and

notifications in India.

5.2.2 Powers of the Central Government under EPA 1986

The Act provides unprecedented powers to the Central Government, making it the primary authority in

environmental governance.
Major Powers

o Issuing Directives: Can order the closure, prohibition, or regulation of any industry, operation, or

process causing environmental harm.
o Standard Setting: Prescribe emission and discharge standards for industries.

e Coordination: Supervise activities of pollution control boards (CPCB and SPCBs) for uniform

enforcement.
o Hazardous Substances: Regulate storage, transportation, and handling of hazardous materials.
o Environmental Clearance: Require industries to obtain prior environmental clearance for projects.

e Delegation of Authority: Create authorities such as the Environment Appellate Authority or

specialized bodies to implement rules.
o Emergency Powers: Take immediate measures in case of environmental accidents.

Through these powers, the EPA acts as the backbone of India’s environmental regulatory system.

5.2.3 Role in Pollution Control and Environmental Safeguards
The EPA has become central to India’s fight against pollution and ecological degradation.

Pollution Control

e Provides the legal basis for National Ambient Air Quality Standards (NAAQN).
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o Empowers the government to regulate polluting industries.

e Forms the legal framework for Environmental Impact Assessment (EIA), which assesses

environmental consequences before projects begin.

e Basis for rules on waste management, including Hazardous Waste Rules (1989), Biomedical

Waste Rules (1998), and E-Waste Rules (2011).
Environmental Safeguards

o Enabled the creation of Coastal Regulation Zone (CRZ) notifications (1991 onwards) to protect

marine and coastal ecosystems.

e Supports India’s compliance with international treaties such as the Montreal Protocol (ozone

depletion) and Basel Convention (hazardous waste).
e Provides the framework for environmental auditing and monitoring mechanisms.

Thus, EPA 1986 serves as a bridge between international commitments and domestic environmental

protection.

5.2.4 Case Studies on Implementation and Challenges
Case Study 1: Oleum Gas Leak Case (Delhi, 1986)

o Shortly after the EPA’s enactment, a gas leak from Shriram Food and Fertilizers injured several

people.

e The Supreme Court used EPA provisions and evolved the doctrine of absolute liability, holding

industries dealing with hazardous materials strictly responsible for damages.

Case Study 2: Closure of Polluting Tanneries in Tamil Nadu (Vellore Citizens’ Welfare Forum v.
Union of India, 1996)

e Tanneries discharged untreated effluents, contaminating water sources.

e The Supreme Court invoked the EPA and enforced the “precautionary principle” and “polluter

pays principle”, leading to the closure of non-compliant industries.

Case Study 3: Plastics and Hazardous Waste Management

e Under the EPA, India introduced Plastic Waste Management Rules (2016, amended 2021).
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Extended Producer Responsibility (EPR) was made mandatory, forcing manufacturers to take back

or recycle plastic products.

Case Study 4: Criticism of Implementation

Despite its strong framework, enforcement is weak due to limited capacity of regulatory agencies.
Industries often exploit legal loopholes or obtain clearances despite environmental risks.
Overlapping jurisdiction between ministries and boards leads to bureaucratic delays.

Public participation in enforcement remains limited, though courts have tried to expand it through
PILs.

Knowledge Check 1

Choose the correct option:

1.

The Environment Protection Act, 1986 was enacted after which disaster?
a) Tsunami 2004

b) Bhopal Gas Tragedy

c¢) Oleum Gas Leak

d) Chernobyl Accident

Which section of EPA empowers the central government to take measures for environmental
protection?

a) Section 6

b) Section 7

¢) Section 3

d) Section 15

Maximum punishment under EPA 1986 for violations includes:

a) Fine only

b) Imprisonment 5 years

c) Life sentence

d) Warning notice

Coastal Regulation Zone (CRZ) notifications are issued under:
a) Water Act 1974

b) Air Act 1981

c) EPA 1986
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d) Wildlife Act 1972

5.3 Air Act (1981), Water Act (1974), and Hazardous Waste Rules (2016)

5.3.1 Air (Prevention and Control of Pollution) Act, 1981 — Key Provisions
Historical Background

The Air (Prevention and Control of Pollution) Act, 1981 was enacted as a response to the growing concerns
over deteriorating air quality in India, especially in urban and industrial areas. The enactment was also
deeply influenced by India’s participation in the United Nations Conference on the Human Environment
(Stockholm Conference) held in 1972, which marked the first major global recognition of environmental

issues, including air pollution, as matters of international concern.

At the Stockholm Conference, India pledged to take legislative and institutional steps to improve
environmental quality and prevent further degradation. One of the major recommendations emerging from
the conference was for countries to develop national policies and legal frameworks to address specific

environmental threats such as water and air pollution.

Prior to this, India had no specific law dealing solely with air pollution. Regulatory oversight was
fragmented and largely governed under general public health and municipal laws. Recognizing this gap,
and building on the foundation laid by the Water (Prevention and Control of Pollution) Act, 1974, the
government drafted the Air Act, using several administrative and procedural mechanisms from the Water

Act as a structural base.
The Act was also introduced at a time when India was beginning to see the effects of rapid

industrialization, vehicular expansion, and urban growth, all of which contributed significantly to rising
levels of air pollutants. The Air Act, therefore, became a landmark legal instrument in creating a focused

regulatory regime for monitoring and controlling air pollution.
o Based on International Obligations:

o The Act helped India fulfill its international environmental commitments, particularly those
stemming from the Stockholm Declaration, by enacting domestic legislation aligned with

global environmental principles.

e Modeled on the Water Act Framework:
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o To facilitate institutional continuity, the Act extended the jurisdiction of the Central Pollution
Control Board (CPCB) and State Pollution Control Boards (SPCBs)—originally set up

under the Water Act—to include air pollution as well.

o This strategic design allowed for better coordination, cost efficiency, and quicker

operationalization of air quality control mechanisms.
e Context of Domestic Pressures:

o Increasing public concern about industrial emissions, smoke from brick kilns, and vehicle
exhaust, especially in urban centers like Delhi, Mumbai, and Kolkata, compelled lawmakers

to take legislative action.

o The Act was passed by Parliament in 1981 and came into force in 1982, marking a shift

towards statutory regulation of ambient air quality.

Objectives of the Act
1. To prevent, control, and abate air pollution in the country.

2. To establish regulatory authorities at the Central and State levels (CPCB and SPCBs) for standard-

setting and enforcement.

3. To monitor and regulate emissions from industrial plants and vehicles to ensure they remain within

prescribed environmental limits.

Key Provisions of the Air Act
e Section 2(b): Definition of “Air Pollutant”

o Defines air pollutants as any solid, liquid, or gaseous substance, including noise, that may

be injurious to human beings, living creatures, plants, property, or the environment.
o Consent Mechanism for Industries

o No industrial unit can be established or operated without obtaining:

=  “Consent to Establish” (CTE)

= “Consent to Operate” (CTO)




ATLAS

SKILLTECH
UNIVERSITY

o These consents must be obtained from the State Pollution Control Boards to ensure that

proposed activities will not degrade air quality.
¢ Declaration of Air Pollution Control Areas

o State governments, in consultation with the SPCBs, may designate certain areas as “Air

Pollution Control Areas”, where stricter emission standards and regulations apply.
o Emission Standards and Monitoring

o The Central Pollution Control Board is empowered to lay down standards for air quality and

emission levels for various industries, vehicles, and fuel types.

o These standards are periodically updated to reflect new scientific understanding and

pollution trends.
e Inspection and Enforcement Powers
o SPCBs are authorized to:
= Enter and inspect premises,
= Collect samples of air emissions,
= Examine records, and
= Issue directions for compliance.
o Non-compliance may lead to penalties and possible suspension of operations.
o Penalties for Violation

o Offenders may face imprisonment of up to six years, fines, or both, depending on the

severity and repetition of the offense.

o The law provides for continuing penalties if the violation persists after a conviction.

Example of Implementation
e CNG Conversion in Delhi (1998):

o In compliance with directives issued under the Air Act and following judicial intervention

by the Supreme Court, Delhi’s public transport system was converted to Compressed Natural
Gas (CNQ).
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o This measure was aimed at reducing sulphur dioxide, nitrogen oxides, and particulate matter

emissions from diesel-operated buses and autos.

o It significantly improved ambient air quality in the national capital and became a model for

clean urban transportation nationwide.

5.3.2 Water (Prevention and Control of Pollution) Act, 1974 — Key Provisions
Historical Background

The Water (Prevention and Control of Pollution) Act, 1974 was the first major environmental legislation in
independent India aimed specifically at addressing the issue of water pollution. Before its enactment, India
lacked a cohesive legal framework to regulate the discharge of pollutants into water bodies, and public
health crises related to contaminated drinking water, agricultural decline, and aquatic life destruction were

on the rise.

The law was framed in response to growing industrialization and the unregulated release of chemical
effluents into rivers, lakes, and streams. Major rivers like the Ganga, Yamuna, and Damodar had become
increasingly polluted due to the unchecked disposal of untreated sewage, industrial waste, and agricultural
runoff. These pollutants had serious repercussions on public health, irrigation systems, fisheries, and overall

biodiversity.

The central government recognized the need to act decisively, especially after mounting public concern and
scientific evidence about the deteriorating condition of water bodies across the country. At the time, India
was also beginning to participate in global environmental dialogues, such as the Stockholm Conference

(1972), which further emphasized the necessity of robust environmental laws.

The Water Act of 1974 was, therefore, introduced as a pioneering legal framework to combat water pollution
through regulatory, institutional, and enforcement mechanisms. It led to the creation of dedicated pollution
control boards at both central and state levels, laying the foundation for modern environmental governance

in India.
e First Comprehensive Environmental Law in India:

o Marked the beginning of statutory environmental regulation in the country, specifically

focused on water quality management.

e Driven by Industrial Pollution and Public Health Needs:
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o Rapid industrial expansion in the 1960s and 70s led to severe river pollution, prompting

legislative action to protect drinking water, agriculture, and aquatic ecosystems.
e Federal Cooperation:

o Since “water” is a State subject under the Constitution (Entry 17, State List), the Act was
passed with the consent of multiple State Legislatures, making it a collaborative federal

effort in environmental lawmaking.
o Institutional Framework Creation:

o The Act provided for the establishment of the Central Pollution Control Board (CPCB) and
State Pollution Control Boards (SPCBs) to oversee water quality, enforce pollution

standards, and regulate discharges.

Objectives of the Act
e To prevent and control water pollution.
e To maintain or restore the wholesomeness of water.

e To establish institutional mechanisms such as CPCB and SPCBs for regulatory oversight.

Key Provisions of the Water Act
¢ Definition of Water Pollution:

o Includes any contamination that makes water harmful to public health, aquatic life, or

agricultural use, whether by chemical, biological, or physical means.
e Consent Mechanism for Industries:

o Industries must obtain prior consent from the SPCB before discharging any effluents into

streams, rivers, wells, or sewer systems.
o Effluent Standards:

o CPCB is empowered to prescribe standards for the quality and quantity of permissible

pollutants in effluents.

e Powers of SPCBs:
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o Inspect industrial units and water treatment facilities.
o Take samples for analysis and assess compliance.
o Order closure or suspension of non-compliant industries.
o Regulate sewage and trade effluent disposal.
o Penalties for Violation:
o Non-compliance can result in imprisonment of up to 7 years, fines, or both.

o Repeat offenses attract more severe penalties, including extended prison terms.

Example of Enforcement
e Vellore Citizens’ Welfare Forum v. Union of India (1996):

o In this landmark case, the Supreme Court ordered the closure of leather tanneries in
Tamil Nadu that were found guilty of discharging untreated toxic effluents into local water
bodies.

o The case applied provisions of the Water Act and integrated principles like “Polluter
Pays” and precautionary action, thereby reinforcing the enforceability and relevance of
the Act.

Did You Know?

“The Water (Prevention and Control of Pollution) Act, 1974 was India’s first comprehensive
environmental law, enacted even before the Air Act. It created the Central and State Pollution Control
Boards and made it mandatory for industries to obtain consent before discharging effluents, laying the

foundation for modern pollution regulation.”

5.3.3 Hazardous and Other Wastes (Management and Transboundary Movement) Rules, 2016

Background
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The Hazardous and Other Wastes (Management and Transboundary Movement) Rules, 2016 were framed
under the authority of the Environment (Protection) Act, 1986, with the primary aim of addressing India’s
obligations under the Basel Convention on the Control of Transboundary Movements of Hazardous Wastes
and Their Disposal (1989). These rules replaced and consolidated several earlier waste management
regulations, such as the Hazardous Waste (Management, Handling and Transboundary Movement) Rules,
2008, and introduced clarity and comprehensiveness in the legal framework governing hazardous and other

types of wastes.

With the rise of industrialization, consumerism, and cross-border trade, India faced increasing challenges
in the safe handling, storage, recycling, and disposal of hazardous waste. This led to serious threats to
human health, ecological balance, and environmental quality, especially in areas close to industrial hubs

and ports.

The 2016 rules not only brought Indian law in line with international environmental commitments, but also
addressed domestic concerns related to improper waste disposal, unauthorized import of waste, and the

environmental risks associated with toxic materials.

Hazardous and Other Wastes: Definition and Scope

The term “hazardous waste” under the 2016 rules refers to any waste which, due to its physical, chemical,
reactive, toxic, flammable, explosive, or corrosive properties, poses a threat to human health or the

environment.
e Hazardous Waste Includes:

o Industrial by-products such as used solvents, spent acids, and sludge from effluent treatment

plants.
o Heavy metal residues, lead-acid batteries, and used oils.
o Discarded chemical containers and obsolete pesticides.
o E-waste and biomedical waste, when contaminated with hazardous constituents.

e “Other wastes” refer to wastes not classified as hazardous but still requiring regulation due to their

potential environmental impact. This category includes:

o Electronic waste (e-waste) — such as discarded computers, phones, and appliances.

o Plastic waste, particularly solid plastic scrap.




ATLAS

SKILLTECH
UNIVERSITY

o Paper waste, metal scrap, and glass waste in certain cases, especially when imported.

The rules aim to ensure that such wastes are not only disposed of safely and scientifically but also managed

in a manner that minimizes their generation and promotes resource recovery.

Objectives of the Rules
e To ensure environmentally sound management of hazardous and other wastes.
e To prevent illegal import or export of hazardous wastes and enforce international compliance.

o To promote waste minimization, recycling, reuse, and recovery of resources from wastes.

Key Provisions of the Rules
e Definition of Hazardous Waste:

o Covers wastes that are toxic, reactive, corrosive, flammable, or explosive, or have similar

dangerous characteristics.
o Authorization Requirement:

o Every business entity involved in the generation, handling, collection, storage, packaging,
transportation, processing, treatment, or disposal of hazardous waste must obtain

authorization from the State Pollution Control Board (SPCB).
o Authorization ensures tracking, documentation, and safe disposal practices.
o Extended Producer Responsibility (EPR):

o Manufacturers and importers of products generating hazardous or problematic post-
consumer waste (e.g., batteries, electronic goods, plastic packaging) are required to take
responsibility for the collection, recycling, and environmentally sound disposal of waste

generated from their products.

o EPR helps internalize environmental costs and encourages producers to design products with

minimal environmental impact.

o Transboundary Movement Control:
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o Import or export of hazardous and other wastes is strictly regulated and allowed only with
prior informed consent and clearances from the Ministry of Environment, Forest and
Climate Change (MoEFCC).

o The rules follow the Basel Convention guidelines and prohibit import of certain wastes,

particularly when they are meant for dumping rather than recycling.
o Treatment, Storage, and Disposal Facilities (TSDFs):

o The rules provide for the establishment and management of common TSDFs, where

hazardous waste can be safely stored, treated, and disposed of.

o These centralized facilities are subject to stringent operational norms and regular inspection

by regulatory authorities.

Example of Enforcement
e Ban on Import of Solid Plastic Waste (2019):

o In response to global concerns about the dumping of plastic waste in developing countries,

India banned the import of solid plastic waste under these rules.

o The move was aimed at protecting domestic waste management infrastructure and
promoting indigenous recycling practices, while discouraging the practice of treating India

as a global dumping ground for hazardous and non-recyclable materials.

5.3.4 Institutional Mechanisms: Central and State Pollution Control Boards
Introduction to Institutional Mechanisms

Environmental governance in India operates through a multi-tiered institutional structure, with statutory
bodies at both the central and state levels responsible for implementing and enforcing environmental laws.
These mechanisms were primarily established through the Water (Prevention and Control of Pollution) Act,
1974, and later expanded under the Air (Prevention and Control of Pollution) Act, 1981, and the

Environment (Protection) Act, 1986.

The two principal institutions tasked with environmental oversight are the Central Pollution Control Board
(CPCB) and the State Pollution Control Boards (SPCBs). Together, they function as the regulatory and

enforcement arms of India's environmental protection framework, ensuring compliance with pollution

—
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control laws and facilitating coordination between national and regional authorities. While the CPCB sets

national policies and standards, the SPCBs play a vital role in implementation and local enforcement.

Central Pollution Control Board (CPCB)

o Established under the Water Act, 1974, and later empowered by the Air Act and Environment

Protection Act.

o Functions as the apex technical body in charge of pollution control and environmental planning at

the national level.
Key Functions of CPCB:
e Advise the central government on matters related to prevention and control of pollution.

o Set national ambient air and water quality standards, as well as effluent and emission norms for

industries and other polluting entities.

e Coordinate the activities of State Pollution Control Boards (SPCBs) to ensure uniform

implementation of environmental laws across the country.

e Monitor, compile, and publish national environmental data, including reports on air and water

quality, noise pollution, and hazardous waste.

e Conduct training, research, and capacity-building programs in pollution control and environmental

management.

State Pollution Control Boards (SPCBs)

o Constituted under the Water Act, with responsibilities expanded by the Air Act and other rules under

the Environment Protection Act.
e Operate as the primary enforcement agencies within their respective states or union territories.
Key Functions of SPCBs:
e Implement and enforce CPCB’s environmental standards and guidelines at the state level.

e Issue “Consent to Establish” (CTE) and “Consent to Operate” (CTO) to industries, ensuring

pollution control measures are in place.
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o Inspect and monitor industrial operations, including sewage treatment plants, effluent discharge

points, and vehicular emissions.

o Enforce hazardous waste management rules, biomedical waste rules, plastic waste rules, and other

state-specific environmental regulations.

 Initiate legal action against polluters and violators, including the issuance of closure notices and

filing cases before relevant courts or tribunals.

Challenges Faced by CPCB and SPCBs

Resource Constraints:

o Many SPCBs lack adequate technical staff, laboratory infrastructure, and financial

resources, limiting their effectiveness in monitoring and enforcement.
o Political and Industrial Pressure:

o Enforcement is often diluted by political interference or pressure from powerful industrial

lobbies, especially in states with high industrial dependence.
e Coordination Gaps:

o Overlapping mandates between CPCB and SPCBs sometimes lead to confusion, duplication

of efforts, or regulatory inaction.
e Weak Monitoring Capacity:

o Many industrial units vs. a limited number of inspectors creates serious gaps in real-time

monitoring and timely action.
o Delayed Legal Enforcement:

o Many pollution violations are resolved only after protracted litigation, often through
overburdened environmental courts or the National Green Tribunal (NGT), resulting in

delayed justice and continued environmental harm.

5.4 Energy Conservation (Amendment) Act, 2022

5.4.1 Salient Features and Objectives
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Salient Features

1. Carbon Credit Trading Framework — Establishes a domestic market where entities can buy and

sell carbon credits, similar to international emissions trading systems.

2. Non-Fossil Energy Use — Mandates the use of renewable sources (solar, wind, biomass), green

hydrogen, and nuclear in industries, transport, and buildings.

3. Green Buildings — Expands the scope of the Energy Conservation and Sustainable Building Codes

to cover residential, commercial, and government buildings.

4. Enhanced Powers of BEE — The Bureau of Energy Efficiency is given stronger authority to

regulate, monitor, and certify energy efficiency programs.

5. State-Level Empowerment — States are authorized to set local rules and enforce energy

conservation obligations.

6. Updated Definitions — The definition of “energy” is broadened to explicitly include renewable and

sustainable sources.
Objectives
e Reduce energy intensity across sectors.
e Align domestic law with India’s international climate commitments.
o Facilitate transition to a low-carbon economy.
e Promote innovation in clean technologies.

o Strengthen compliance and accountability of industries, transport, and buildings.

5.4.2 Energy Efficiency and Sustainable Energy Practices

The amendment emphasizes systematic adoption of efficiency and sustainability practices at all levels of

the economy.
Key Measures
e Appliances & Equipment: Stricter star-rating standards for household and industrial appliances.

e Buildings: Mandates compliance with Energy Conservation Building Code (ECBC) and

sustainable green building norms.
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o Transport: Encourages fuel efficiency standards, electrification of vehicles, and infrastructure for

EV charging.

o Industries: Designated energy-intensive sectors (steel, cement, aluminium, fertilizers, textiles)

must undergo regular energy audits and adopt best practices.
e Renewables: Stronger push for rooftop solar, wind energy, and biomass-based power generation.
Examples

e The Perform, Achieve, Trade (PAT) Scheme already allows industries achieving better-than-target

efficiency to trade excess savings.

e Appliance rating labels by BEE guide consumers in choosing energy-efficient products, reducing

household electricity demand.

Significance: Energy efficiency is often described as the “first fuel” because it is the cheapest and fastest

way to reduce emissions.

5.4.3 Carbon Trading Framework in India
The Act formally establishes a national carbon trading system, an important market-based instrument.
How It Works

o Entities (e.g., industries, power plants) will be assigned emission reduction or efficiency targets.

o Ifan entity performs better than the target, it earns carbon credits.

o Ifit underperforms, it must buy credits from others or face penalties.

e Credits can be traded in a regulated market, enabling cost-effective emission reductions.
Benefits

o Provides a financial incentive for companies to adopt green technologies.

o Creates a level playing field by rewarding efficiency and penalizing excessive pollution.

e Encourages innovation in renewables, hydrogen, and energy storage.

o Helps India align with global carbon markets, enhancing competitiveness of Indian exports.

Challenges
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e Requires robust Monitoring, Reporting, and Verification (MRYV) systems.

o Risks of fraud, manipulation, or “greenwashing” if not strictly regulated.

e Small and medium enterprises (SMEs) may struggle with compliance.
Global Context

e Similar frameworks exist in the European Union (EU Emissions Trading System), China’s

Carbon Market, and California Cap-and-Trade Program.

o India’s system can eventually link with international carbon markets, creating opportunities for

cross-border trading.

5.4.4 Implications for Industry and Business

The amendment carries major implications, especially for energy-intensive industries like power, steel,

cement, and transport.
Positive Implications
e Revenue Opportunities: Surplus carbon credits can be sold, creating new revenue streams.

e Global Market Access: Firms with strong ESG and low-carbon credentials will attract more

international investment.
o Competitive Advantage: Early adopters of clean technologies will secure long-term benefits.

o Innovation: Opens space for startups in renewables, green hydrogen, carbon capture, and efficiency

technologies.
Challenges

o Upfront Costs: Green technologies (solar, hydrogen, CCUS — Carbon Capture, Utilization, and

Storage) demand heavy investment.
e Compliance Burden: Industries must establish data systems, audits, and reporting structures.

o Sectoral Pressure: Power plants, oil refineries, and cement factories face immediate challenges in

cutting emissions.

e SME Impact: Smaller businesses may struggle with high compliance costs without financial

support.
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Case Example

o Steel Sector: India’s steel industry is among the largest carbon emitters. Under the amendment,
firms must gradually adopt renewable-powered furnaces, hydrogen-based processes, and efficiency

upgrades, but they can also gain by trading surplus carbon credits.
“Activity: Designing a Low-Carbon Business Strategy”

Students will form groups and select an industry (e.g., steel, cement, transport, or energy). Using the
Energy Conservation (Amendment) Act, 2022 as reference, each group will design a short strategy
outlining how the industry can improve energy efficiency, adopt sustainable practices, and benefit from

carbon trading.

5.5 Overview of ESG Framework in India

5.5.1 Evolution of ESG in Corporate Governance

Early Phase (1990s—2000s): Corporate Social Responsibility (CSR) was the main approach,

focusing largely on philanthropy and community initiatives.

o Shift Toward Sustainability (2010 onwards): With global climate commitments and rising

investor scrutiny, companies began integrating sustainability into business strategy.

e Mandatory CSR (2013): The Companies Act, 2013 mandated certain firms to spend at least 2% of

profits on CSR, signaling the state’s push toward responsible business.

e Rise of ESG (2020s): Increasing global alignment with UN Sustainable Development Goals

(SDGs) and Paris Agreement targets led to ESG becoming central to corporate governance.

Today, ESG has evolved from being voluntary to becoming part of regulatory compliance and a factor in

attracting investment.

5.5.2 SEBI Guidelines on ESG Disclosures (BRSR — Business Responsibility and Sustainability

Reporting)
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The Securities and Exchange Board of India (SEBI) has introduced mandatory ESG-related disclosures
for listed companies through the Business Responsibility and Sustainability Reporting (BRSR)

framework.

Key Features of BRSR
e Mandatory for Top 1,000 listed companies by market capitalization (from FY 2022-23 onwards).
e Covers nine principles of the National Guidelines on Responsible Business Conduct (NGRBC).

e Requires companies to disclose performance on environmental (emissions, energy use, water,
waste), social (labor standards, gender diversity, community initiatives), and governance (board

structure, ethics, transparency).
o Encourages quantitative metrics, enabling comparability across companies.
e Supports India’s move toward global alignment with frameworks like GRI, SASB, and TCFD.

Significance: This makes India one of the few countries where sustainability reporting is mandatory for

large corporations.

5.5.3 ESG Rating Agencies and Investors’ Perspectives

ESG Rating Agencies in India
e CRISIL - provides ESG scores based on environment, social, and governance performance.
e ICRA and CARE Ratings — offer ESG assessments aligned with global benchmarks.

o International Agencies like MSCI, Sustainalytics, and FTSE Russell also rate Indian companies

for global investors.
Investors’ Perspectives

o Institutional and foreign investors increasingly screen companies for ESG performance before

investing.
o ESG compliance improves access to capital and lowers borrowing costs.
e Poor ESG performance can lead to reputational risks, investor exits, and higher financing costs.

e The rise of green bonds and sustainable finance in India shows the growing importance of ESG

in investment decision-making.

—
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Example: Global investment firms like BlackRock have prioritized ESG integration, influencing Indian

companies to strengthen disclosures.

5.5.4 Challenges and Opportunities in ESG Adoption
Challenges
o Data Gaps: Many companies lack robust systems for collecting ESG data.
o Standardization Issues: Lack of uniform global ESG metrics makes comparison difficult.
e Costs of Compliance: Smaller firms face resource constraints in implementing ESG practices.
e Greenwashing Risks: Some firms exaggerate ESG claims without substantive action.

o Awareness Gap: ESG is still perceived as a compliance burden rather than a strategic asset by many

businesses.
Opportunities
o Investor Attraction: Strong ESG performers attract domestic and global investors.

o Cost Savings: Sustainability practices (e.g., energy efficiency, waste reduction) reduce operational

costs.
e Market Advantage: ESG compliance strengthens brand reputation and consumer trust.

e Global Competitiveness: Aligning with international ESG standards opens doors to global supply

chains and trade partnerships.

o Innovation Potential: Encourages adoption of renewable energy, circular economy, and inclusive

workplace practices.

5.6 Summary

+ Environmental laws in India evolved through constitutional provisions, judicial activism, and

international commitments.

+ The Environment Protection Act, 1986 serves as an umbrella legislation, empowering the central

government with wide-ranging powers.

% The Air Act (1981) regulates emissions and industrial activities in declared control areas.
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The Water Act (1974) was India’s first comprehensive pollution control law, focusing on maintaining

and restoring water quality.

The Hazardous and Other Wastes Rules (2016) ensure safe handling, recycling, and disposal of

hazardous wastes.

CPCB and SPCBs are the primary institutional mechanisms for monitoring and enforcement of

pollution control laws.

The Energy Conservation (Amendment) Act, 2022 expanded the scope of energy efficiency and

introduced a national carbon trading framework.

Carbon trading incentivizes emission reductions and creates market opportunities for green

technologies.

ESG has become central to corporate governance in India, evolving from CSR-based approaches to

structured sustainability reporting.

SEBI’s BRSR framework makes ESG disclosures mandatory for top listed companies, enhancing

transparency and accountability.

ESG rating agencies and investor perspectives are reshaping business strategies toward long-term value

creation.

Challenges such as data gaps, compliance costs, and greenwashing exist, but ESG adoption also offers

opportunities in innovation, finance, and competitiveness.

5.7 Key Terms

1.

Environment Protection Act, 1986 — Umbrella law empowering the central government to regulate

and safeguard the environment.

Air Act, 1981 — Law to prevent, control, and reduce air pollution through emission standards and control

areas.
Water Act, 1974 — First comprehensive Indian law to prevent and control water pollution.

Hazardous Waste Rules, 2016 — Regulations for safe handling, recycling, and transboundary

movement of hazardous wastes.
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CPCB (Central Pollution Control Board) — Apex body to set standards and coordinate pollution

control in India.

Energy Conservation Act, 2001 (Amended 2022) — Framework promoting energy efficiency and

introducing carbon credit trading.
Carbon Trading — Market mechanism where entities buy or sell credits based on emission reductions.

BRSR (Business Responsibility and Sustainability Reporting) — SEBI’s mandatory ESG disclosure

framework for top listed companies.

ESG (Environmental, Social, Governance) — Framework assessing corporate sustainability and

responsible governance practices.

5.8 Descriptive Questions

1.

Explain the historical background of environmental legislation in India and the role of the Constitution

in shaping it.

Discuss the significance of the Environment Protection Act, 1986 as an umbrella legislation and

outline its major provisions.
What are the key objectives and mechanisms of the Air Act, 1981 and the Water Act, 1974?

Analyze the provisions of the Hazardous and Other Wastes Rules, 2016 and their role in ensuring

safe waste management.

Examine the structure and functions of the Central and State Pollution Control Boards (CPCB and

SPCBs) in enforcing pollution laws.

Describe the salient features of the Energy Conservation (Amendment) Act, 2022 and its role in

India’s transition to clean energy.
Evaluate the SEBI BRSR framework and its importance in strengthening ESG disclosures in India.

What are the major challenges and opportunities for businesses in adopting ESG practices in India?
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Answers to Knowledge Check

Knowledge Check 1

1. b) Bhopal Gas Tragedy
2. c¢) Section 3

3. b) Imprisonment 5 years
4. c)EPA 1986
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5.10 Case Study

ESG Compliance and Environmental Law Challenges at EcoPower Ltd.

Introduction

EcoPower Ltd., a leading power generation company in India, has rapidly expanded its operations
by setting up coal and thermal plants to meet growing energy demands. However, it faces
increasing scrutiny from regulators, investors, and communities for its environmental practices.
While the company complies with minimum requirements under the Environment Protection
Act, 1986, and the Air Act, 1981, it has yet to integrate broader ESG (Environmental, Social,
Governance) frameworks demanded by global investors. This case study examines EcoPower’s
compliance issues and explores how the company can balance regulatory obligations with ESG

expectations.

Background

EcoPower operates across five states, producing electricity mainly from coal. Rising emissions
have placed the company under the scanner of the Central Pollution Control Board (CPCB) and
State Pollution Control Boards (SPCBs). Communities living near its plants complain of water
pollution and health issues. At the same time, foreign investors are demanding ESG disclosures in
line with SEBI’s Business Responsibility and Sustainability Reporting (BRSR) guidelines. The

company risks losing investment opportunities if it fails to align with ESG standards.

Problem Statement 1: Compliance with Environmental Laws

EcoPower struggles with meeting stricter standards under the Air Act, 1981 and Water Act, 1974,
particularly around emission and effluent limits. Non-compliance has resulted in legal notices and

penalties.

Solution: Adopt advanced pollution control technologies, conduct periodic audits, and invest in

cleaner fuels to ensure compliance and avoid penalties.

MCQ:
Which law empowers the government to regulate industrial emissions in India?

a) Water Act, 1974
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b) Air Act, 1981

c¢) Companies Act, 2013
d) SEBI Act, 1992
Answer: b) Air Act, 1981

Problem Statement 2: ESG Reporting and Investor Confidence

Investors demand greater transparency on environmental and social impacts. EcoPower has yet to

publish detailed sustainability reports, raising concerns about governance and long-term risks.

Solution: Implement BRSR reporting as mandated by SEBI, covering emissions, water use,

labor practices, diversity, and governance metrics to restore investor confidence.

MCQ:

Which reporting framework is mandatory for India’s top listed companies?
a) GRI

b) SASB

c) BRSR

d) TCFD

Answer: c) BRSR

Problem Statement 3: Transition to Sustainable Business Models

EcoPower’s heavy reliance on coal creates both regulatory and reputational risks. Competing

firms are investing in renewables, while EcoPower lags behind.

Solution: Develop a phased strategy to diversify into solar, wind, and green hydrogen, while
leveraging opportunities in India’s carbon credit trading framework introduced under the

Energy Conservation (Amendment) Act, 2022.

MCQ:

Which Act introduced the carbon credit trading system in India?
a) EPA 1986

b) Water Act 1974

c¢) Energy Conservation (Amendment) Act 2022

d) Companies Act 2013

Answer: c) Energy Conservation (Amendment) Act 2022
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Conclusion

The case of EcoPower Ltd. highlights how compliance with environmental laws is no longer
sufficient for long-term survival. To remain competitive and attract global investment, the
company must embrace ESG principles through transparent reporting, renewable energy
adoption, and carbon trading opportunities. A proactive approach will enable EcoPower not only

to meet legal obligations but also to position itself as a leader in India’s transition toward

sustainability.
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Unit 6: Best practices in Indian and Global companies

Learning objectives

1.

Identify and explain the concept of best practices in business management within Indian and global
contexts.

Analyze successful case studies of Indian companies (e.g., Tata, Infosys, Reliance) and global
companies (e.g., Toyota, Apple, Google) to understand their strategies.

Compare and contrast the adoption of best practices in Indian companies with those of
multinational corporations.

Evaluate how cultural, economic, and regulatory environments influence the implementation of
best practices across regions.

Examine the role of innovation, corporate governance, and sustainability in shaping best practices.
Discuss human resource management, leadership, and employee engagement practices followed by
leading companies.

Assess the impact of adopting global best practices on the competitiveness of Indian companies in
the international market.

Apply insights from best practices to propose recommendations for improving organizational

performance.

Content

6.0
6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8

Introductory Caselet

Infosys

Tata Group

EY — Expectations of Citizens from Cities
Summary

Key Terms

Descriptive Questions

References

Case Study
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6.0 Introductory Caselet

“Best Practices in Global Leadership: TCS vs. Google”

In the contemporary business environment, both Indian and global companies are increasingly adopting
best practices to enhance competitiveness, sustainability, and employee satisfaction. The following case
highlights two successful organizations that have leveraged distinct strategies to establish themselves as

leaders in their respective industries.

Tata Consultancy Services (TCS), a leading Indian IT services and consulting firm, has consistently
emphasized employee development and organizational learning as a core best practice. With more than
600,000 employees worldwide, TCS has invested heavily in programs designed to improve workforce
capabilities. For instance, its “Ignite” initiative provides extensive training for new graduates, enabling
them to adapt quickly to industry demands. Furthermore, TCS promotes internal leadership development,
encourages cross-cultural collaboration, and upholds high standards of corporate governance. This focus
on human resource excellence has allowed TCS not only to retain top talent but also to become a preferred
employer across the globe. Its strong emphasis on skill-building ensures that employees remain future-

ready in a rapidly changing technological landscape.

In contrast, Google, headquartered in the United States, is widely recognized for fostering a culture of
innovation and creativity. Google’s management philosophy supports flexibility, autonomy, and
experimentation. The well-known “20 percent rule”—which allowed employees to dedicate a portion of
their time to projects outside their formal responsibilities—resulted in transformative innovations such as
Gmail and Google Maps. Additionally, Google invests heavily in workplace design, collaborative tools,
and data-driven decision-making, ensuring that employees remain motivated and engaged. The company’s
innovation-focused culture has positioned it as a pioneer in the global technology sector, consistently

producing products and services that redefine user experiences.

Although both TCS and Google operate in different contexts, their practices reveal a common theme:
prioritizing people and innovation. TCS’s approach demonstrates the effectiveness of structured employee

development in building a global talent base, whereas Google illustrates how a culture of innovation can

drive breakthrough products and maintain a competitive edge. Together, these examples highlight how
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companies can achieve global leadership by adopting practices suited to their organizational strengths and

market environments.

Critical Thinking Question

If you were leading a mid-sized company in India aiming to expand internationally, which best practice

would you prioritize first:
o TCS’s systematic focus on employee training and development, or
e Google’s innovation-driven culture?

In your response, consider factors such as organizational size, available resources, workforce capabilities,

market competition, and long-term sustainability.
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6.1 Infosys

6.1.1 Infosys Sustainability and ESG Commitments

Infosys has embedded sustainability within its corporate DNA by committing to a broad ESG agenda.
1. Environmental Commitments:

o Infosys became one of the first global IT companies to achieve carbon neutrality, well ahead
of its 2020 target.

o The company implements strict carbon accounting practices to reduce Scope 1, Scope 2, and

Scope 3 emissions.

o Goals include energy efficiency, 100 percent renewable energy usage, water positivity, and

zero waste to landfill in the long term.
2. Social Commitments:

o Infosys prioritizes the well-being and inclusivity of its workforce, promoting diversity

across gender, ethnicity, and culture.

o The company supports continuous employee learning, reskilling, and upskilling to adapt to

the demands of the digital economy.

o Corporate philanthropy, largely through the Infosys Foundation, addresses challenges in

education, healthcare, and poverty alleviation.
3. Governance Commitments:

o Infosys is known for its transparent governance practices, with an independent board of

directors and strong audit mechanisms.

o Ethical conduct, anti-bribery policies, and robust risk management frameworks form the

backbone of its governance structure.

o Infosys consistently ranks highly in global ESG indices and sustainability ratings, reflecting

credibility in governance practices.

6.1.2 Green Infrastructure and Renewable Energy Initiatives

Infosys has pioneered sustainable infrastructure within the IT services industry by focusing on energy-

efficient campus designs and large-scale renewable energy adoption.
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1. Green Campuses:

Infosys campuses, particularly in Bengaluru, Mysuru, and Pune, incorporate green building

standards such as LEED (Leadership in Energy and Environmental Design) certifications.

Smart building technologies manage lighting, air-conditioning, and water use to optimize

efficiency.

Design innovations include daylight harvesting, natural ventilation, and intelligent energy

monitoring systems.

2. Renewable Energy:

A significant percentage of Infosys’s energy requirements are met by renewable sources.

The company has invested in large-scale solar farms and rooftop solar projects across India.

Infosys has entered into power purchase agreements for renewable energy from independent

producers, reducing dependence on fossil fuels.

3. Water and Waste Management:

Rainwater harvesting and advanced wastewater treatment plants enable the company to

recycle a substantial portion of its water usage.

Infosys aims for “water positivity,” where it contributes more clean water to the environment

than it consumes.

Waste segregation and composting initiatives ensure that non-biodegradable waste is

minimized and biodegradable waste is reused.

4. Carbon Neutrality and Offsetting:

Infosys has invested in community-based carbon offset projects, such as improved

cookstoves that reduce fuel consumption and emissions in rural households.

Forestry projects supported by Infosys also contribute to carbon sequestration, providing co-

benefits of biodiversity conservation and rural livelihood enhancement.

6.1.3 Social Responsibility: Education and Community Development

Infosys has made substantial contributions to social responsibility, primarily through the Infosys

Foundation in India and the Infosys Foundation USA.




ATLAS

SKILLTECH
UNIVERSITY

1. Education Initiatives:

o Infosys Foundation runs large-scale programs aimed at improving access to quality

education in rural and underprivileged communities.

o Digital literacy initiatives enable teachers and students to adopt technology-based learning

methods.

o In the United States, the Infosys Foundation USA promotes computer science education,

particularly in underrepresented schools, providing training and resources to teachers.
2. Healthcare Support:
o The foundation supports hospitals, primary health centers, and research in life sciences.

o During the COVID-19 pandemic, Infosys extended support through financial aid, medical

equipment, and vaccine distribution assistance.

o Investments in rural healthcare infrastructure aim to make primary healthcare accessible to

disadvantaged populations.
3. Rural Development:

o Projects have included building roads, sanitation facilities, community centers, and housing

for underserved populations.
o Infosys also supports clean water and hygiene initiatives in rural areas.
4. Arts, Culture, and Heritage:

o Infosys supports the preservation of cultural heritage sites and promotes Indian literature,

art forms, and crafts.

o The company provides financial assistance to libraries and institutions that preserve ancient

manuscripts and texts.

6.1.4 Infosys and Global ESG Reporting Standards

Infosys adheres to internationally recognized frameworks to disclose its sustainability performance,

ensuring accountability and comparability with global corporations.

1. Global Reporting Initiative (GRI):
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o Infosys aligns its sustainability reports with GRI standards, providing a structured approach

to reporting environmental, social, and governance metrics.
2. Sustainability Accounting Standards Board (SASB):

o By reporting under SASB guidelines, Infosys discloses sector-specific sustainability

information relevant to investors.
3. Task Force on Climate-related Financial Disclosures (TCFD):

o Infosys provides detailed disclosures on climate risks and opportunities, integrating them

into strategic planning and risk management.
4. United Nations Global Compact (UNGC):

o Infosys is a signatory to the UNGC, adhering to its ten principles in the areas of human

rights, labor, environment, and anti-corruption.
5. Integrated Reporting (<IR>):

o Infosys publishes integrated reports that link financial and non-financial performance,
emphasizing the relationship between sustainability practices and long-term business

strategy.
6. External Recognition:

o Infosys has consistently been featured in sustainability indices such as the Dow Jones

Sustainability Index (DJSI) and MSCI ESG ratings, validating its commitment to

transparency and responsible business practices.
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Figure 6.1
6.2 Tata Group

6.2.1 Tata Group’s Legacy of Sustainability and Philanthropy
The Tata Group’s history demonstrates a consistent alignment of business growth with societal progress.
1. Founding Vision:

o Jamsetji Tata envisioned industrialization not merely as a means for profit but as a
mechanism to build the nation. He laid the foundation for Tata Steel with the explicit aim of

improving India’s self-reliance in manufacturing.

o His vision also included building institutions of national importance such as the Indian

Institute of Science (IISc), which later became a world-class center for scientific research.
2. Philanthropic Institutions:

o A ssignificant portion of Tata Sons’ equity—around 66 percent—is held by charitable trusts
(Tata Trusts). This ensures that the wealth created by Tata companies directly benefits

society.

o The trusts fund initiatives in healthcare, education, water security, rural development, and

arts and culture.
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3. Philanthropy in Practice:

o Tata Memorial Hospital (founded in 1941) is a global leader in cancer treatment and

research.

o Tata Institute of Social Sciences (TISS) has played a vital role in producing social workers,

policy researchers, and development practitioners.

o Tata Steel’s early initiatives in Jamshedpur included housing, healthcare, and sanitation

facilities for workers—an uncommon practice in the early 20th century.
4. Sustainability as a Modern Priority:

o Inrecent decades, Tata Group companies have integrated climate action, renewable energy,

and social inclusion into their core strategies.

o Tata Sustainability Group was established to consolidate and monitor sustainability efforts

across all Tata companies.

This long-standing tradition reflects the Tata philosophy that businesses exist not only to create wealth for

shareholders but also to generate societal value.

Did You Know?

“The Tata Group, founded in 1868, directs nearly two-thirds of its profits to philanthropic trusts,
funding education, healthcare, and rural development. Institutions like the Indian Institute of
Science and Tata Memorial Hospital were established through this legacy, making Tata one of the

world’s largest corporate philanthropists.”

6.2.2 Environmental Stewardship: Energy, Waste, and Water Management

Environmental stewardship is a central component of Tata Group’s sustainability agenda, reflected in the

practices of its major companies.
1. Energy Management:

o Tata Power has become a leader in renewable energy, with more than 30 percent of its

generation capacity coming from renewable sources such as wind, solar, and hydro.
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o Tata Motors has developed a significant portfolio of electric vehicles (EVs), positioning

itself as a front-runner in India’s transition toward sustainable mobility.

o Tata Steel has invested in energy-efficient blast furnaces, waste heat recovery systems, and

initiatives to reduce greenhouse gas emissions.
2. Waste Management:

o Tata Steel follows a zero-waste approach by repurposing steelmaking by-products like slag

and fly ash into inputs for cement and road construction.

o Tata Chemicals has invested in green chemistry to minimize hazardous waste and promote

resource efficiency.

o Several Tata hotels have adopted waste segregation, composting, and reduction of single-

use plastics as part of their sustainability programs.
3. Water Management:

o Tata Chemicals and Tata Projects emphasize sustainable water practices through rainwater

harvesting, groundwater recharge, and wastewater recycling systems.

o Tata Steel has adopted water efficiency targets and integrated closed-loop water systems in

its plants.

o Tata Trusts, in partnership with NGOs, have implemented large-scale watershed
management projects in drought-prone regions of India, ensuring long-term water

availability for communities and agriculture.

These initiatives showcase the Tata Group’s efforts not only to minimize its ecological footprint but also to

act as an environmental steward in local communities.

6.2.3 Social Impact: Healthcare, Education, Rural Development

The Tata Group’s social impact initiatives are deeply rooted in its philosophy of nation-building and

community development.
1. Healthcare:

o Tata Memorial Hospital provides affordable cancer treatment to thousands of patients

annually and is recognized for research in oncology.




ATLAS

SKILLTECH
UNIVERSITY

o Tata Trusts fund projects to combat malnutrition, eradicate malaria, and improve maternal
and child healthcare.

o During the COVID-19 pandemic, Tata companies pledged billions of rupees in relief,
manufactured personal protective equipment, ventilators, and supported vaccine distribution

efforts.
2. Education:

o Tata ClassEdge is a digital learning solution introduced in schools to improve the quality of

classroom teaching.

o Tata Institute of Social Sciences (TISS) and Indian Institute of Science (1ISc), both supported

by the Tata Group, have played pivotal roles in higher education and research.

o Tata scholarships and fellowships fund students in India and abroad, especially in technical

and scientific disciplines.
3. Rural Development:

o Tata Trusts run programs focused on sustainable agriculture, skill development, and rural

entrepreneurship.

o Projects such as soil health management, dairy farming, and organic agriculture provide

long-term livelihood support to rural households.

o Infrastructure development projects—roads, sanitation facilities, and clean drinking water—

improve the living standards in villages.

Through these social initiatives, the Tata Group extends its impact well beyond business operations, directly

contributing to human development indicators.

6.2.4 Governance and Ethical Business Practices
The Tata Group’s reputation is closely tied to its governance systems and adherence to ethical practices.
1. Ownership Structure:

o The unique ownership model, with a majority stake held by philanthropic trusts, ensures that

profits are reinvested in society rather than concentrated in private hands.
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o This structure also protects the group from hostile takeovers and short-term market

pressures, allowing it to focus on long-term sustainability.
2. Corporate Governance:

o Tata companies comply with strict governance norms, including independent boards,

transparent reporting, and risk management frameworks.

o Regular disclosures and alignment with global governance standards enhance stakeholder

trust.
3. Ethical Standards:

o The Tata Code of Conduct (TCoC), first introduced in 1998, lays down guidelines for all
employees on issues such as integrity, anti-bribery, workplace ethics, and respect for human

rights.

o  Whistleblower policies and grievance redressal mechanisms ensure accountability at every

level.
4. Global Recognition:

o Many Tata companies feature in indices such as the Dow Jones Sustainability Index and

FTSE4Good Index, reflecting compliance with global ESG norms.

o Tata Consultancy Services (TCS), Tata Steel, and Tata Power have received global awards

for governance and sustainability reporting.
5. Resilience in Times of Crisis:

o Even during periods of leadership transition or market turbulence, the Tata Group has

maintained its reputation for fairness, legal compliance, and stakeholder engagement.

o The group’s ability to resolve conflicts while maintaining trust highlights the strength of its

governance framework.

Knowledge Check 1
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Figure 6.2

Choose the correct option:

1. Who founded the Tata Group?
a) J.R.D. Tata
b) Jamsetji Tata
c¢) Ratan Tata
d) Dorabji Tata

2. What percentage of Tata Sons’ equity is held by Tata Trusts?
a) 25%
b) 40%
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¢) 51%
d) 66%
3. Which Tata company is a leader in renewable energy in India?
a) Tata Steel
b) Tata Chemicals
c) Tata Power
d) Tata Motors
4. The Tata Code of Conduct (TCoC) was first introduced in:
a) 1985
b) 1990
c) 1998
d) 2005

6.3 EY — Expectations of Citizens from Cities
6.3.1 Sustainable Urban Living: Mobility, Energy, and Waste Management

Sustainable urban living lies at the heart of modern citizen expectations. Citizens view sustainability as

critical for their quality of life and demand visible action from city governments.
1. Mobility:

o Urban citizens increasingly expect affordable, accessible, and efficient transportation
systems. Metro rail projects, electric buses, and last-mile connectivity solutions such as e-

rickshaws are gaining acceptance.

o There is a strong push for reduced dependence on private vehicles, with citizens seeking
investments in non-motorized transport infrastructure such as cycling tracks and walkable

urban spaces.

o Smart mobility applications integrating buses, trains, and shared mobility services into a

single digital platform are expected for seamless travel.
2. Energy:

o Citizens now demand a transition toward renewable energy sources to reduce air pollution

and greenhouse gas emissions. Rooftop solar installations, district-level renewable grids,

and net-metering systems have gained popularity.
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o Energy efficiency is an expectation in both residential and commercial buildings, with smart

meters, LED lighting, and building automation systems becoming the norm.

o Reliable energy supply is a pressing concern, especially in developing countries where
outages disrupt daily life. Resilient energy systems that withstand climate disruptions are

increasingly prioritized.
3. Waste Management:

o Citizens demand robust waste segregation and recycling systems at the municipal level. The
expectation is that households will segregate waste at source and that municipal systems will

process it effectively.

o Composting, plastic recycling, and e-waste management are viewed as necessary to prevent

landfill expansion.

o A shift toward circular economy models is widely supported, where waste is repurposed into

usable resources—for example, using organic waste for biogas or composting.

This focus on sustainable living indicates a broader shift from traditional infrastructure demands to holistic

expectations around livability and resilience.

6.3.2 Citizen-Centric Governance and Transparency

Governance is central to fulfilling citizen expectations, but citizens today expect more than traditional

service delivery—they demand transparency, inclusivity, and responsiveness.

o Transparency: Citizens expect governments to adopt open-data platforms that allow access to
information about urban budgets, public works, and environmental performance. Public dashboards

showing real-time air quality, traffic flow, and expenditure are increasingly common.

o Participation: Decision-making processes are expected to be participatory. Citizens seek
opportunities to influence policies through consultations, surveys, and participatory budgeting

models where communities decide how local funds are allocated.

e Accountability: Technology has empowered citizens to hold governments accountable. Mobile

apps for grievance redressal, feedback on service delivery, and social media platforms ensure

constant interaction between authorities and residents.
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o Smart Governance: Digital governance is no longer optional; citizens expect seamless access to

services such as applying for permits, paying taxes, or registering complaints online.

e Trust Building: Trust in governance is essential for ensuring public cooperation in sustainability
initiatives, such as waste segregation or public health programs. Governments that fail to meet

transparency expectations risk losing credibility.

Citizen-centric governance, therefore, is about creating a collaborative and trust-based relationship between

authorities and residents.

6.3.3 Role of Citizens in Driving ESG Outcomes
Citizens are now viewed as active agents of change who directly influence ESG outcomes in their cities.
1. Environmental Responsibility:

o By choosing public transport, adopting renewable energy, and practicing waste segregation,

citizens can significantly reduce the environmental burden of cities.

o Collective actions, such as community clean-up drives and tree plantation campaigns,

reinforce environmental goals.
2. Social Engagement:

o Citizens contribute to inclusivity and equity by volunteering, supporting community

initiatives, and advocating for marginalized groups.

o Local neighborhood associations and civil society groups are playing a greater role in

bridging service delivery gaps.
3. Governance Participation:

o Citizen vigilance ensures that government projects are implemented effectively and

corruption is minimized.

o Digital activism and social media platforms enable citizens to shape urban policy debates

and highlight issues of concern.
4. Behavioral Change:

o Lifestyle choices such as avoiding single-use plastics, supporting eco-friendly businesses,

and embracing digital financial services influence urban ESG performance.
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o Citizen-driven innovation, such as start-ups in waste recycling or shared mobility, can

complement government and corporate efforts.

In short, ESG outcomes are co-created, requiring citizens to shift from passive recipients of services to

proactive contributors.

6.3.4 Insights from EY Global Reports on Sustainable Cities

EY’s global research provides comprehensive insights into what citizens expect from cities worldwide,

emphasizing sustainability, inclusivity, and resilience.

o Sustainability as a Priority: Surveys highlight that more than 70 percent of urban residents rank

climate resilience, clean air, and renewable energy among their top priorities.

o Smart Cities and Technology Integration: EY reports underline that citizens expect cities to adopt
digital technologies—such as Internet of Things (IoT), artificial intelligence (AI), and data

analytics—to optimize traffic management, energy distribution, and waste disposal.

o Health and Safety Expectations: The COVID-19 pandemic has reinforced demands for resilient
healthcare infrastructure, digital telemedicine services, and robust crisis management frameworks.
Citizens want cities to be prepared not only for pandemics but also for climate emergencies and

cyber threats.

e Equity and Inclusion: EY stresses that sustainable cities must provide opportunities for all
residents, including marginalized communities. Affordable housing, gender-sensitive urban

planning, and inclusive public spaces are central citizen expectations.
o Best Practices from Global Cities:
o Copenhagen is often cited for its renewable energy and cycling culture.
o Singapore serves as a benchmark for integrated urban planning and digital governance.
o Amsterdam is recognized for its circular economy and citizen engagement in policymaking.

o India’s Context: EY notes that Indian citizens emphasize affordable housing, pollution control,
reliable public transport, digital governance, and safety as immediate urban priorities. These align

with the Smart Cities Mission and other national urban development programs.

“Activity: Citizen Priorities for Sustainable Cities”
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Activity: Students will be divided into groups and asked to list the top five expectations citizens may
have from their city regarding mobility, energy, waste management, governance, and inclusivity. Each
group will present and compare their findings with global benchmarks to highlight similarities and

differences.

6.4 Summary

Indian and global companies integrate sustainability, innovation, and governance into their business

strategies as best practices.

Infosys demonstrates leadership in ESG commitments through carbon neutrality, green campuses,

renewable energy adoption, and strong global reporting standards.

Infosys Foundation emphasizes education, healthcare, rural development, and cultural preservation,

showcasing social responsibility.
Tata Group, with its legacy of philanthropy, channels most profits into social causes via Tata Trusts.

Tata companies lead in environmental stewardship through renewable energy, waste recycling, and

water conservation projects.
Tata’s contributions to healthcare, education, and rural development reflect its nation-building ethos.

Strong governance and the Tata Code of Conduct ensure ethical and transparent business practices

across the group.

EY research highlights growing citizen expectations from cities, focusing on sustainability, mobility,

energy, and waste management.

Citizen-centric governance, transparency, and participatory decision-making are crucial for building

trust and inclusivity.

Citizens play an active role in driving ESG outcomes, with EY’s global reports emphasizing

sustainability, equity, and resilience as central urban priorities.

6.5 Key Terms

1.

ESG (Environmental, Social, Governance): A framework evaluating a company’s sustainability

practices and ethical impact.
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2. Carbon Neutrality: Achieving a balance between emitted carbon and offset or removed carbon

emissions.

3. Green Infrastructure: Environmentally sustainable buildings and systems that conserve energy, water,

and natural resources.

4. Corporate Governance: Rules, practices, and processes guiding ethical and transparent company

management.
5. Circular Economy: An economic system focused on reusing, recycling, and minimizing waste.

6. Citizen-Centric Governance: Governance model emphasizing transparency, participation, and

accountability for residents.

7. Philanthropy: Voluntary contributions by corporations or individuals to support social and community

welfare.

8. Smart Cities: Urban areas that use technology and innovation to improve sustainability, mobility, and

quality of life.

6.6 Descriptive Questions

1. Discuss the sustainability and ESG commitments of Infosys and explain how they align with global

reporting standards.

2. Explain the green infrastructure and renewable energy initiatives adopted by Infosys and their impact

on carbon neutrality.
3. Evaluate the role of Infosys Foundation in education, healthcare, and community development.

4. Describe the Tata Group’s legacy of sustainability and philanthropy, highlighting its contributions to

nation-building.

5. Analyze the environmental stewardship initiatives of Tata Group companies in the areas of energy,

waste, and water management.

6. Examine the social impact of Tata Group in healthcare, education, and rural development with suitable

examples.

7. Explain the governance and ethical business practices of Tata Group and their significance in global

corporate reputation.
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8. Discuss citizen expectations from cities in terms of sustainable urban living, governance, and inclusivity

as per EY insights.

9. Evaluate the role of citizens in driving ESG outcomes in urban areas with reference to EY’s global

reports on sustainable cities.
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Answers to Knowledge Check

Knowledge Check 1
1. b)Jamsetji Tata
2. d) 66%

3. c¢)Tata Power

4. ¢) 1998
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6.8 Case Study

Sustainability and Governance Practices at Infosys and Tata Group

Introduction

Sustainability and ethical governance have emerged as central themes in the modern corporate
world. Companies are increasingly expected not only to deliver profits but also to create long-term
value for society and the environment. Indian companies like Infosys and the Tata Group have
distinguished themselves as leaders in embedding sustainability, social responsibility, and ethical
governance into their business strategies. While Infosys focuses on digital innovation, carbon
neutrality, and global ESG compliance, Tata Group leverages its legacy of philanthropy, renewable
energy, and community development. This case study explores their practices, identifies common

challenges, and offers solutions to strengthen corporate sustainability.

Background

Infosys has achieved carbon neutrality, invested in green campuses, and aligned itself with global
ESG standards such as GRI, SASB, and TCFD. Its Infosys Foundation extends social
responsibility to education, healthcare, and rural development. Similarly, the Tata Group directs
most of its profits to philanthropic trusts, ensuring that wealth creation benefits society at large.
Tata companies lead in renewable energy, water conservation, and zero-waste processes, while
also pioneering ethical governance through the Tata Code of Conduct. Together, these

corporations reflect the evolving role of businesses as partners in sustainable development.

Problem Statement 1: Aligning Business Growth with Environmental Commitments

Companies often face challenges in balancing expansion with environmental sustainability. For
example, Infosys must maintain rapid digital growth while ensuring carbon neutrality.
Solution: Adoption of energy-efficient technologies, renewable energy sources, and carbon offset

projects enables businesses to expand without compromising sustainability.

MCQ:
How did Infosys achieve carbon neutrality?

a) By reducing hiring rates

b) By adopting renewable energy and offset projects
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¢) By outsourcing emissions

d) By stopping global operations

Answer: b) By adopting renewable energy and offset projects

Problem Statement 2: Ensuring Equitable Social Development

Large companies often struggle to extend their benefits to marginalized communities. Tata Group,
despite its scale, faces challenges in addressing rural poverty and inequality.
Solution: Through Tata Trusts, the group invests in rural healthcare, education, and livelihood

projects to promote inclusive growth.

MCQ:
What percentage of Tata Sons’ equity is held by philanthropic trusts?
a) 25%
b) 40%
c) 51%
d) 66%

Answer: d) 66%

Problem Statement 3: Maintaining Ethical Governance in Complex Markets

Operating in multiple countries, companies face governance challenges such as compliance with
diverse laws and maintaining ethical consistency.
Solution: Tata’s Code of Conduct and Infosys’s transparent reporting frameworks provide

structured guidelines to ensure global governance standards.

MCQ:

Which framework guides Infosys’s sustainability disclosures?
a) SEBI Code

b) GRI and SASB

c) GAAP

d) WTO Guidelines

Answer: b) GRI and SASB
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Conclusion

The practices of Infosys and Tata Group illustrate that sustainability, social responsibility, and
governance are not optional add-ons but integral to long-term success. By achieving carbon
neutrality, investing in community development, and upholding ethical governance, these
companies set global benchmarks for responsible corporate conduct. Their journey highlights that

while challenges exist, clear strategies, structured policies, and citizen or stakeholder engagement

can ensure corporations remain both profitable and socially accountable.




