People's Democratic Republic of Algeria

;? Ministry of Higher Education and Scientific Research 0’/!?

Echahid Hamma Lakhdar University of EI-Oued

Faculty of Technology

Department: Mechanical Engineering
Domain: Science and Technology

Field: Mechanical Engineering

Level: 3" year License

Specialty: Energy and Industrial maintenance

Course Material for Teaching the Subject

Environment and sustainable development

Prepared by: Dr. Mohammed Iliasse BOULIFA

Grade : Associate Professor

Academic Year: 2024-2025



Environment and sustainable development Contents
Contents page
Foreword 1

Chapter 1: Introduction to the concept of the environment

1. Definition of the environment

1. General definition

2. Legal definition

I1.Environmental management

I11. Brief history

1. Pre-Industrial Era (Before 18th Century)

. Industrial Revolution (18th—19th Century)

. Early Environmental Movements (Late 19th—Early 20th Century)

. Mid-20th Century (1940s—1960s)

. 21st Century (2000s—Present)

2
3
4
6. Late 20th Century (1990s)
7
8

. Key Themes in Environmental History

1V. Man and environment

1. Natural Resources:

2. Ecosystem Services

3. Food and Medicine

V. How has man modified his environment?

1. Agriculture

. Urbanization

. Industrialization

. Water Management

. Climate Change

©O©| O ©| ©| W 0| N| N N| N| N N o of o o o1 O & Wl N N N N

2
3
4
5. Transportation
6
7
8
9

. Biodiversity Loss 10

. Technological Advancements 10

. Positive Modifications 10

10. Global Impact 10

V1. Demographics, the scapegoat 11
1. Population Growth and Its Impact 11

2. Why Demographics Are Seen as a Scapegoat 11




Environment and sustainable development Contents

3. The Danger of Oversimplification 12

4. A Balanced Perspective 12

5. Examples of Misplaced Blame 12
Chapter 2: The concept of sustainable development 13

I. Definition 13
I1. Brief history 14
1. 1960s: Early Environmental Awareness 14

2. 1972: Stockholm Conference 14

3. 1980: Brundtland Commission 15

4. 1992: Earth Summit (Rio de Janeiro) 15

5. 2000: Millennium Development Goals (MDGs) 15

6. 2012: Rio+20 Conference 15

7. 2015: Adoption of the Sustainable Development Goals (SDGs) 15

8. Present and Future 16

I11. The fundamental principles of sustainable development 16
1. Solidarity 16

2. Precaution 16

3. Participation 16

4. Responsibility 16

IV. Sustainable development objectives 16
V. Sustainable development challenges 17
1. Economy 18

2. Démographie 18

3. Energy and Mineral Resources 18

3. Climate 18

4. Water 18

5. Agriculture 18
Chapter 3: Environment and natural resources 19

I. Introduction 19
I1. Characteristics of planet earth 19
I11. The resources of planet earth 21
1. Water 21

2. Air 22




Environment and sustainable development

Contents

3. Fossil energies 23

4. Other energy (renewable energies) 29

5. Mineral elements 36

6. The biodiversity 40

7. Soil 42

8. Food resources 43
Chapter 4: Substances (pollutants) 45

I. Introduction 45
I1. Definitions of pollution 45
I11.Pollutant origins and main components 45
1. Production and consumption of fossil fuels 45

2. Activities of the various chemical industries 45

3. Agricultural activities (fertilizers and pesticides) 46

IV. Different types of pollutants 46
1. Regulated Pollutants 46

2. Organic Compounds 46

3. Heavy Metals 47

4. Particulate Matter 47

5. Chlorofluorocarbons (CFCs) 47

V. The effects of various substances on the environment 47
1. Greenhouse effect and climate change 47

2. Destruction of the Ozone Layer 48

3. Acidification, Eutrophication, and Photochemistry 49

4. Acid Rain 49

V1. Ozone Peaks 49
1. Causes of Ozone Peaks 50

2. Effects of Ozone Peaks 50

VII. Effects of Pollution on Materials, Ecosystems 51
1. Effects on Materials 51

2. Effects on Ecosystems 52

VIIIl. Effects of Pollution on Health 52
1. Respiratory and Cardiovascular Issues 53

2. Waterborne Diseases 53




Environment and sustainable development Contents
3. Exposure to Toxic Substances 53
4. Vulnerable Populations 53
IX. Different Types of Environmental Emitters 54
1. Atmospheric Emitters 54
2. Aquatic Emitters 54
3. Terrestrial Emitters 54
4. Noise Emitters (Noise Pollution) 55
5. Radiation Emitters 55
6. Waste Emitters 55
X. The CORINAIR Nomenclature 56
1. Main Sectors of the CORINAIR Nomenclature: 56
2. Objectives: 56
Chapter 5: Environmental preservation 57
I. Introduction 57
Il. Different methods of environmental preservation 57
1. Introducing new materials 57
2. Reserving Oil for Noble Uses 58
3. Improved Energy Efficiency 59
4. Recycling 61
5. Product Rental 62
I11. The economic, legal and regulatory mechanisms to preserve the environment 63
1.Economic Mechanisms 64
2. Legal Mechanisms 64
3. Regulatory Mechanisms 65
4. Integrated Approaches 66
IV. The role of public authorities in solving environmental problems 66
V. The option of private solutions 68
V1. Current environmental policies 68
1.The polluter pays principle 69
2.Ecological taxation: eco-taxes 69
3. The market for tradable emission permits 69
References 71




Environment and sustainable development Foreword

Foreword

The environment, comprising ecosystems and natural resources, is vital for sustaining life on Earth.
However, human activities like industrialization and urbanization have caused environmental
degradation, including climate change, pollution, and biodiversity loss. Sustainable development
addresses these challenges by balancing economic growth, social equity, and environmental
protection. Defined as meeting present needs without compromising future generations, it promotes
global cooperation, innovation, and responsible practices. Initiatives like the UN Sustainable
Development Goals guide efforts to tackle issues such as poverty, inequality, and climate change.
Prioritizing sustainability ensures a healthier planet, resilient economies, and equitable opportunities,
making it essential for a thriving future.

This course handout for the teaching of Environment and sustainable development is intended for
students in the 3" year of the license degree in energy and Industrial maintenance within the field of
Science and Technology. The handout presents a version adapted to the program proposed by the
Ministry of Higher Education and Scientific Research. The course covers the fundamental concepts
of Environment and sustainable development. The content of this course is the result of

bibliographical research based on numerous documents reference works.
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Chapter 1: Introduction to the concept of the environment

I. Definition of the environment

1. General definition

The environment refers to the surroundings or conditions in which a person, animal, plant, or system

operates. It encompasses both natural and artificial elements, as well as the interactions and

relationships between them. The environment can be understood from various perspectives, including
ecological, social, and cultural contexts, and it plays a crucial role in shaping the existence and
development of living organisms and systems.

The environment is defined differently depending on the approach:

% The set of elements, natural or artificial, that surround a defined system, whether it be an
individual, a species, a spatial entity, a production site, etc.;

% The set of interactions (extractions, emissions, etc.) between an anthroposystem (from
anthropology: the study of humans) and the ecosystems (from ecology: environmental
protection, lifestyles, and relationships among living beings) of the considered environment;

% The set of objective and subjective elements that constitute the living framework of a defined
system (individual, species, etc.).

It is clear that the environment: encompasses a multitude of themes (water, air, soil, waste, natural

habitats, landscapes, noise, energy, spatial planning, safety, etc.), affects numerous sectors (industry,

agriculture, local communities, public health), and involves multiple levels of intervention (study,
consulting, expertise, monitoring, operation, engineering, project management, etc.).

2. Legal definition

The legal definition of the environment varies depending on the jurisdiction and context, but it

generally refers to the natural and physical surroundings, including air, water, land, ecosystems, and

all living organisms, as well as the interactions between them. In legal terms, the environment is often
defined to include both natural and human-made elements, and it serves as the basis for regulations
and laws aimed at protecting, preserving, and managing these resources.

For example, in the European Union, the environment is legally defined as:

"The combination of elements whose complex interrelationships make up the settings, the

surroundings, and the conditions of life of the individual and of society, as they are or as they are

perceived."”

In the United States, environmental laws such as the National Environmental Policy Act (NEPA)

define the environment broadly to include:

Dr. Mohammed Iliasse BOULIFA - University of EL-OUED - Fac. Technology - Depart. Mechanical eng
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"The natural and physical environment and the relationship of people with that environment,
including land, air, water, minerals, flora, fauna, noise, and the urban or built environment."”
The legal definition of the environment typically encompasses:
% Natural elements: air, water, soil, ecosystems, biodiversity, etc.
% Human-made elements: urban areas, infrastructure, pollution, etc.
¢ Interactions: the relationships between humans and their surroundings, as well as the impacts
of human activities on natural systems.
The legal definition environment it can :
% Environmental Law, according to international environmental conventions, is a set of laws
applicable to a non-contractual obligation arising from harm caused to the environment.
It is defined as follows:
% Environmental Law encompasses the legal rules related to the understanding, use,
management, and protection of the environment, as well as the prevention and control of
environmental degradation in all its forms terrestrial, aquatic, and marine, natural and cultural
particularly through pollution control and the compensation of victims for environmental
damages.
The environment subject to these rules includes all forms of the physical environment, whether
terrestrial, aquatic, marine, natural, or cultural. The sources of environmental law are national,

European, or international. Environmental Law extends, in particular, to the law of the sea and space.

Il. Environmental management

The missions of environmental management involve identifying the needs and constraints of specific
study systems (factories, town halls, economic units, etc.), and seeking new solutions for the day-to-
day management of their environment, understood in a broad sense.
Environmental management refers to the process of managing human activities and natural resources
in a way that minimizes negative impacts on the environment, promotes sustainability, and ensures
the health and well-being of ecosystems and communities. It involves a systematic approach to
addressing environmental issues, balancing ecological, economic, and social needs. Key aspects of
environmental management include:

1. Pollution Control: Reducing emissions, waste, and pollutants to protect air, water, and soil

quality.
2. Resource Conservation: Efficiently using natural resources like water, energy, and raw

materials to prevent depletion.

Dr. Mohammed Iliasse BOULIFA - University of EL-OUED - Fac. Technology - Depart. Mechanical eng
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3. Biodiversity Protection: Preserving ecosystems, habitats, and species to maintain ecological
balance.

4. Waste Management: Implementing strategies for recycling, reusing, and disposing of waste
responsibly.

5. Climate Change Mitigation: Reducing greenhouse gas emissions and adapting to climate-
related challenges.

6. Environmental Policy and Compliance: Developing and enforcing laws, regulations, and
standards to ensure sustainable practices.

7. Sustainability Planning: Integrating environmental considerations into business, urban, and
community planning.

8. Stakeholder Engagement: Involving communities, businesses, and governments in decision-
making processes to address environmental concerns collaboratively.

This involves knowing how to:

1. ldentify the environmental aspects and impacts (direct or indirect effects) associated with any
activity,

2. Analyze legal and other requirements related to the study site,

3. Assist in implementing and maintaining environmental management systems, whether simple
or more sophisticated, designed to address these impacts or limit their effects, reduce polluting
emissions (production) in various environmental compartments (water, air, noise, waste, land
use, etc.), and optimize production tools and their relationship with the environment.

Environmental management is essential for achieving sustainable development, ensuring that current

and future generations can thrive without compromising the planet's health.

I11. Brief history

The term was used in Old French in the 14th century to refer to a boundary, an enclosure, or the
surroundings of a place. However, humanity's concern for the world around it is much older. Since
antiquity, humans have naturally felt the need to orient themselves and better understand their
environment in order to protect it. At that time, it was synonymous with nature and referred to the set
of natural conditions in which living beings evolve.

The evolution of the concept of ecological environment is linked to that of primates and the
emergence of the species Homo sapiens, or modern humans. The population of great primates

(gorillas, chimpanzees, orangutans), which inhabited the Earth around 10 million years ago, consisted

Dr. Mohammed Iliasse BOULIFA - University of EL-OUED - Fac. Technology - Depart. Mechanical eng
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of about 100,000 individuals. They were timid beings, poorly equipped by nature, and often
decimated by predators. They primarily fed on plants and small prey.

Modern humans have been able to transform the biosphere in a very short time. Thanks to their
cognitive abilities, which enable rapid learning, adaptation to environmental changes, and the
transmission of knowledge, humans mastered fire 100,000 years ago, using it to warm themselves,
light their surroundings, ward off predators, and create social groups. These actions increased their
lifespan and supported their demographic expansion.

The history of environmental awareness and management is a long and evolving journey, reflecting
humanity's growing understanding of its impact on the planet. Here’s a brief overview:

1. Pre-Industrial Era (Before 18th Century)

< Hunter-Gatherer Societies: Early humans lived in harmony with nature, relying on sustainable
practices for survival.

% Agricultural Revolution: The advent of farming (around 10,000 BCE (Before Common Era))
led to land use changes, deforestation, and soil degradation, but impacts were localized.

< Ancient Civilizations: Societies like the Greeks and Romans recognized the importance of
clean water and sanitation, but overexploitation of resources (e.g., deforestation) contributed
to the decline of some civilizations.

2. Industrial Revolution (18th-19th Century)

< Rapid Industrialization: The rise of factories, coal-powered machinery, and urbanization led
to significant air and water pollution.

% Resource Exploitation: Increased demand for raw materials caused deforestation, habitat
destruction, and soil erosion.

< Early Environmental Concerns: Writers like Henry David Thoreau and George Perkins Marsh
raised awareness about humanity's impact on nature. Marsh’s Man and Nature (1864) warned
about the consequences of environmental degradation.

3. Early Environmental Movements (Late 19th—Early 20th Century)

% Conservation Movement: Figures like John Muir and Theodore Roosevelt advocated for the
preservation of natural areas. National parks and protected areas were established (e.g.,
Yellowstone in 1872).

% Public Health Concerns: Industrial pollution led to public health crises, prompting early

environmental regulations, such as the UK’s Alkali Acts (1863) to control air pollution.
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4. Mid-20th Century (1940s-1960s)

Post-War Industrial Boom: Rapid economic growth after World War Il led to widespread
pollution, chemical use, and habitat destruction.

Environmental Awakening: Events like the 1948 Donora smog disaster (USA) and the 1952
Great Smog of London highlighted the dangers of pollution.

Rachel Carson’s Silent Spring (1962): This groundbreaking book exposed the harmful effects
of pesticides like DDT (Dichlorodiphenyltrichloroethane), sparking the modern

environmental movement.

5. Modern Environmental Movement (1970s—1980s)

Earth Day (1970): The first Earth Day marked a global awakening to environmental issues,
leading to increased activism and policy changes.

Key Legislation: Countries began enacting environmental laws, such as the Clean Air Act
(USA, 1970) and the Environmental Protection Act (UK, 1990).

International Cooperation: The 1972 United Nations Conference on the Human Environment

(Stockholm) was the first major global environmental summit.

6. Late 20th Century (1990s)

R
0‘0

R0
0‘0

R
0‘0

Sustainable Development: The 1987 Brundtland Report introduced the concept of sustainable
development, balancing economic growth with environmental protection.

Rio Earth Summit (1992): The UN Conference on Environment and Development (UNCED)
led to agreements like the Convention on Biological Diversity and the Framework Convention
on Climate Change.

Corporate Responsibility: Businesses began adopting environmental management systems

(example: ISO 14001) to reduce their ecological footprint.

7. 21st Century (2000s—Present)

o
o3

Climate Change Focus: The 2015 Paris Agreement marked a global commitment to limiting
global warming to 1.5°C above pre-industrial levels.

Renewable Energy: Advances in solar, wind, and other renewable technologies have grown
as alternatives to fossil fuels.

Circular Economy: Emphasis on reducing waste, reusing materials, and recycling has gained
traction.

Youth Activism: Movements like Fridays for Future, led by Greta Thunberg, have pushed for

urgent climate action.
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< Biodiversity Crisis: Awareness of species extinction and habitat loss has led to initiatives like
the UN Decade on Ecosystem Restoration (2021-2030).
8. Key Themes in Environmental History
« Growing Awareness: From localized concerns to global recognition of interconnected
environmental issues.
+» Policy and Regulation: Development of laws and international agreements to protect the
environment.
¢ Technological Innovation: Advances in clean energy, pollution control, and sustainable
practices.
+« Public Participation: Increasing role of individuals, communities, and NGOs (Non-
Governmental Organizations) in driving environmental change.
The history of the environment is a story of both exploitation and redemption, as humanity learns to

balance progress with planetary health.

IVV. Man and environment
The relationship between humans and the environment is one of the most critical and complex
interactions in the history of our planet. It encompasses how humans depend on, influence, and are
influenced by the natural world. Here’s an in-depth look at this relationship:
Humans rely on the environment for survival and well-being. Key dependencies include:
1. Natural Resources: Air, water, soil, minerals, and fossil fuels are essential for life and
economic activities.
2. Ecosystem Services: Forests, oceans, and wetlands provide services like oxygen production,
water purification, climate regulation, and pollination.
3. Food and Medicine: Agriculture, fishing, and foraging depend on healthy ecosystems, and
many medicines are derived from plants and animals.
The relationship between humans and the environment is interconnected and dynamic. While human
activities have caused significant environmental damage, there is also immense potential for positive
change through innovation, policy, and collective action. Balancing human needs with environmental

protection is essential for ensuring a sustainable future for all.

V. How has man modified his environment?
After discovering fire, humans began to modify their environment by promoting the growth of useful

plants, exterminating venomous (toxic) and dangerous animals, and setting fires to clear and open up

Dr. Mohammed Iliasse BOULIFA - University of EL-OUED - Fac. Technology - Depart. Mechanical eng
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spaces. For example, the Aboriginal people of Australia removed large portions of the forest, leading
to the decline (rarefaction) of certain animal and plant species (figure 1 and 2). Homo sapiens has
also been blamed for the extinction of megafauna (large animals), such as mammoths, woolly
rhinoceroses, and other large creatures. However, other factors like climate changes and natural
disasters, such as successive ice ages, also contributed to the decline of these species.

Humans have significantly modified their environment throughout history, driven by the need for
survival, economic development, and technological advancement. These modifications have had both

positive and negative impacts on the planet.

Mammouth Rhinocéros laineux

Figure 1: Animals eliminated during the ice age

Raphus cucullatus (Dodo) Aurochs

Figure 2: Some animals totally eliminated by hunting in the 17th century

Here’s an overview of how humans have altered the environment:
1. Agriculture
< Deforestation: Clearing forests for farmland has been one of the earliest and most widespread
modifications. This has led to habitat loss, soil erosion, and reduced biodiversity.
< lrrigation: Building canals, dams, and reservoirs to support agriculture has altered water

systems, sometimes leading to water scarcity and ecosystem disruption.
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< Soil Degradation: Overuse of fertilizers, pesticides, and monoculture farming has depleted
soil nutrients and reduced fertility.
2. Urbanization
< Cities and Infrastructure: The construction of cities, roads, and buildings has transformed
landscapes, replacing natural habitats with urban areas.
< Waste Generation: Urban areas produce large amounts of waste, leading to pollution and
landfill expansion.
< Heat Islands: Cities often experience higher temperatures due to the concentration of concrete
and asphalt, which absorb and retain heat.
3. Industrialization
< Pollution: Factories and industries release pollutants into the air, water, and soil, harming
ecosystems and human health.
< Resource Extraction: Mining, drilling, and logging have depleted natural resources and
disrupted ecosystems.
< Energy Production: Burning fossil fuels for energy has contributed to climate change and air
pollution.
4. Water Management
< Dams and Reservoirs: Built for hydroelectric power, irrigation, and water supply, these
structures alter river ecosystems and disrupt fish migration.
< Drainage and Wetland Destruction: Wetlands have been drained for agriculture and urban
development, reducing their ability to filter water and support biodiversity.
< Overuse of Groundwater: Excessive extraction of groundwater for agriculture and drinking
water has led to aquifer depletion and land subsidence.
5. Transportation
< Roads and Highways: These have fragmented habitats, making it difficult for wildlife to
migrate and find food.
< Air and Water Pollution: Vehicles and ships emit greenhouse gases and pollutants,
contributing to climate change and ocean acidification.
< Noise Pollution: Traffic and industrial activities create noise that disrupts wildlife and human
health.
6. Climate Change
< Greenhouse Gas Emissions: Burning fossil fuels, deforestation, and industrial processes have

increased atmospheric CO> levels, leading to global warming.
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< Extreme Weather: Human-induced climate change has intensified hurricanes, droughts,
floods, and heatwaves.
< Melting Ice and Rising Seas: Polar ice caps and glaciers are melting, causing sea levels to rise
and threatening coastal communities.
7. Biodiversity Loss
< Habitat Destruction: Urbanization, agriculture, and deforestation have destroyed natural
habitats, leading to species extinction.
< Overexploitation: Overfishing, hunting, and poaching have reduced populations of many
species.
< Invasive Species: Human activities have introduced non-native species to new environments,
disrupting ecosystems and outcompeting native species.
8. Technological Advancements
< Genetic Modification: Genetically modified crops have increased agricultural productivity but
raised concerns about biodiversity and ecosystem health.
< Plastic Pollution: The widespread use of plastics has led to pollution in oceans and landscapes,
harming wildlife and ecosystems.
< Atrtificial Lighting: Urban lighting disrupts natural light cycles, affecting wildlife behavior
and human health.
9. Positive Modifications
While many modifications have been harmful, humans have also made positive changes:
< Reforestation and Afforestation: Planting trees to restore forests and combat climate change.
< Renewable Energy: Developing solar, wind, and other clean energy sources to reduce reliance
on fossil fuels.
< Conservation Efforts: Establishing protected areas, wildlife reserves, and conservation
programs to preserve biodiversity.
< Sustainable Practices: Promoting organic farming, recycling, and eco-friendly technologies to
reduce environmental impact.
10. Global Impact
Human modifications to the environment have reached a global scale, leading to phenomena like:
< The Anthropocene: A proposed geological epoch marked by significant human impact on
Earth’s ecosystems and geology.
< Planetary Boundaries: Humans have pushed Earth’s systems (e.g., climate, biodiversity,

nitrogen cycle) beyond their safe operating limits.
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Humans have modified the environment in profound ways, driven by the need for survival,
development, and progress. While these changes have brought many benefits, they have also caused
significant environmental degradation. Addressing these challenges requires sustainable practices,
technological innovation, and global cooperation to ensure a healthy planet for future generations.

V1. Demographics, the scapegoat
After a long period of slow demographic growth, the human population experienced a significant
surge in the 19" and 20™ centuries. It is estimated that the population will stabilize by the end of the
21 century at around 10 billion individuals.
The phrase "Demographics, the scapegoat™ suggests that population growth (demographics) is often
blamed for many of the world's problems, such as environmental degradation, resource depletion, and
social challenges. However, this perspective can oversimplify complex issues by attributing them
solely to population growth, ignoring other critical factors like consumption patterns, technological
choices, and economic systems.
Explanation:
1. Population Growth and Its Impact
< Historical Context: For most of human history, population growth was slow due to high
mortality rates, disease, and limited resources. However, with advancements in medicine,
agriculture, and technology, the global population exploded in the 19th and 20th centuries.
< Current Trends: The world population is projected to reach around 10 billion by the end of
the 21% century, after which it is expected to stabilize or decline due to falling birth rates in
many regions.
2. Why Demographics Are Seen as a Scapegoat
< Resource Depletion: A growing population increases demand for food, water, energy, and
other resources, leading to concerns about scarcity.
< Environmental Degradation: More people can mean more pollution, deforestation, and habitat
destruction, contributing to climate change and biodiversity loss.
< Social Challenges: Rapid population growth in some regions can strain infrastructure,
healthcare, education, and employment systems.
However, blaming population growth alone ignores the role of:
< Consumption Patterns: A small percentage of the global population consumes a
disproportionate share of resources. For example, high-income countries have much larger

ecological footprints than low-income countries.
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< Technological and Economic Systems: Unsustainable practices, such as reliance on fossil
fuels and wasteful production methods, are major drivers of environmental problems.
< Inequality: Unequal distribution of resources and wealth exacerbates many issues attributed
to population growth.
3. The Danger of Oversimplification
< Misdirected Solutions: Focusing solely on population control can lead to policies that ignore
the root causes of problems, such as overconsumption and inefficient resource use.
< Ethical Concerns: Population control measures can raise human rights issues, particularly if
they target specific groups or regions unfairly.
< Ignoring Systemic Issues: Problems like climate change and resource depletion are driven by
systemic factors, such as industrial practices and economic policies, not just population size.
4. A Balanced Perspective
Instead of blaming population growth alone, a more nuanced approach considers:
< Sustainable Development: Promoting technologies and practices that reduce environmental
impact while meeting human needs.
< Education and Empowerment: Educating and empowering women, improving access to
family planning, and reducing poverty can naturally lower birth rates.
< Equitable Resource Distribution: Addressing inequality and ensuring fair access to resources
can reduce pressure on the environment.
< Changing Consumption Patterns: Encouraging sustainable lifestyles and reducing waste in
high-consumption societies.
5. Examples of Misplaced Blame
< Climate Change: While population growth contributes to greenhouse gas emissions, the
primary drivers are fossil fuel use, industrial activities, and deforestation, which are more
prevalent in high-income countries.
< Deforestation: Population growth in developing countries is often blamed for deforestation,
but much of it is driven by global demand for products like palm oil, soy, and timber.
While population growth is a factor in many global challenges, it is not the sole or even the primary
cause. Blaming demographics as a scapegoat distracts from addressing deeper systemic issues like
overconsumption, inequality, and unsustainable practices. A holistic approach that balances
population dynamics with sustainable development and equitable resource use is essential for solving

these challenges.
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Chapter 2: The concept of sustainable development

To develop is to grow, to increase one's knowledge and abilities, to flourish. For a country, to develop
is to create jobs and wealth. But if we continue to develop without considering the consequences of
our lifestyles, we risk depleting the planet's resources, irreversibly polluting our environment,
weakening our resistance to microbes and pollutants, and deepening inequalities between the North
and the South. Such development is not sustainable.

Sustainable development is development that would be bearable for our planet and its inhabitants, in

which everyone would participate equitably, and from which everyone would benefit.

I. Definition
1. The concept of development, as elaborated by economists, originates from the life sciences (the
development of an organism = evolution from an embryonic state to an adult state). Growth, on the
other hand, corresponds to a quantitative change (such as an increase in a country's wealth). These
two phenomena are not necessarily linked. It is possible to observe economic growth without real
development of the society in question, and vice versa.
2. Sustainable development involves managing and conserving natural resources and directing
technological and institutional changes in a way that meets the needs of both current and future
generations. In the sectors of agriculture (including aquaculture), forestry, and fisheries, such
sustainable development focuses on land, water, and plant and animal genetic resources; it employs
methods that are environmentally safe, technically appropriate, economically viable, and socially
acceptable. It aims to meet the needs of the present without compromising the ability of future
generations to meet their own needs.
3. sustainable development is a concept that refers to a mode of development that meets the needs
of the present without compromising the ability of future generations to meet their own needs. It is
based on three main pillars:

« Environmental protection: Ensuring that natural resources are used responsibly and that

ecosystems are preserved to maintain the planet's balance.
+«» Social equity: Promoting fairness, reducing inequalities, and ensuring that all individuals have
access to basic needs such as education, healthcare, and decent living conditions.
% Economic efficiency: Encouraging economic growth that is inclusive and sustainable,

creating jobs and wealth without depleting resources or harming the environment.
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I1. Brief history
In the 18th century, the philosophers of the Enlightenment era viewed technological progress as
accompanying the development of scientific knowledge. It was considered the best way to combat
cold, misery, and hunger. It thus ensured economic progress. Consequently, social, political, and
moral progress were guaranteed by economic progress.
The pinnacle of scientism, experienced at the end of the 19th century, was based on an absolute belief
in the ability of science to provide solutions to all of humanity's problems (science was thus seen as
the engine of progress). With the triumph of communism in the USSR, that is, in the 20th century,
science and technology were glorified to ensure social well-being.
What is happening today is entirely different. Indeed, the era of scientism is partly over, and the cult
of progress is now controversial. The human aspect of progress, which corresponded to social,
political, and moral advancement, does not necessarily stem from technological and scientific
advances. The world today is more unjust, more violent, and more individualistic.
in the mid-20th century, the term "sustainable development” was not part of the vocabulary. Today,
it is estimated that 20% of the world's population uses 80% of natural resources. For the past thirty
years, our society has become aware of the need to prioritize sustainable development: better
considering the future of coming generations, sharing the Earth's resources, and placing humanity—
all people at the center of decision-making. Humanity in its relationship to work, nature, the
environment, and the economy.
Sustainable development is not a constraint but an extraordinary opportunity. Because sustainable
development means creating wealth for the well-being of all, not just for profit, while preserving our
environment and fighting against global inequalities.
The concept of sustainable development has evolved over time, shaped by global challenges and the
growing awareness of environmental, social, and economic issues. Here’s a brief overview of its
history:
1. 1960s: Early Environmental Awareness
% The 1960s marked the beginning of global environmental awareness, with concerns
about pollution, resource depletion, and the impact of industrialization.
¢+ Rachel Carson’s book Silent Spring (1962) highlighted the dangers of pesticides and
sparked the modern environmental movement.
2. 1972: Stockholm Conference
+«+ The United Nations Conference on the Human Environment (Stockholm Conference)

was the first major international meeting to address environmental issues.
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% It emphasized the need to balance economic development with environmental
protection and led to the creation of the United Nations Environment Programme
(UNEP).
3. 1980: Brundtland Commission
% The United Nations established the World Commission on Environment and
Development (WCED), chaired by Gro Harlem Brundtland.
< In 1987, the Brundtland Report, Our Common Future, defined sustainable
development as "development that meets the needs of the present without
compromising the ability of future generations to meet their own needs."
4. 1992: Earth Summit (Rio de Janeiro)
¢+ The United Nations Conference on Environment and Development (UNCED), also
known as the Earth Summit, was held in Rio de Janeiro.
¢+ Key outcomes included the adoption of Agenda 21, a global action plan for sustainable
development, and the establishment of the United Nations Framework Convention on
Climate Change (UNFCCC).
5. 2000: Millennium Development Goals (MDGS)
¢+ The United Nations Millennium Summit set eight MDGs (Millennium Development
Goals.) to address poverty, education, health, and environmental sustainability by
2015.
¢+ While not exclusively focused on sustainability, the MDGs highlighted the importance
of integrating environmental and social goals.
6. 2012: Rio+20 Conference
¢+ The United Nations Conference on Sustainable Development (Rio+20) reaffirmed
global commitment to sustainable development.
+¢ It led to the proposal of the Sustainable Development Goals (SDGs), a broader and
more comprehensive framework to succeed the MDGs.
7. 2015: Adoption of the Sustainable Development Goals (SDGs)
¢+ The United Nations adopted the 2030 Agenda for Sustainable Development, including
17 SDGs, to address global challenges such as poverty, inequality, climate change,
and environmental degradation.
% The SDGs emphasize the interconnectedness of environmental, social, and economic

dimensions of development.
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8. Present and Future
++ Sustainable development remains a central focus of global policy, with ongoing efforts
to combat climate change, promote renewable energy, and ensure equitable growth.
« Initiatives like the Paris Agreement (2015) and global movements for climate action
(example: youth-led climate strikes) continue to drive progress toward sustainability.
sustainable development has grown from a niche environmental concern to a global framework for
addressing the interconnected challenges of our time, ensuring a balance between economic growth,

social equity, and environmental protection for present and future generations.

I11. The fundamental principles of sustainable development

The fundamental principles of sustainable development are the guiding concepts that ensure
development meets the needs of the present without compromising the ability of future generations
to meet their own needs. These principles are interconnected and form the foundation for achieving
a balanced and equitable approach to economic, social, and environmental progress. The key
principles include:

1. Solidarity between countries, between peoples, between generations, and among members of a
society: sharing the Earth's resources with our neighbors while preserving them for our children.
For example: conserving raw materials so that the greatest number of people can benefit.

2. Precaution in decision-making to avoid causing disasters when there are known risks to health
or the environment.

For example: limiting CO2 emissions to curb climate change.

3. Participation of everyone, regardless of their profession or social status, to ensure the success
of sustainable projects.

For example: establishing councils for children and youth.

4. Responsibility of everyone citizens, industrialists, or farmers so that those who cause damage
and pollution take responsibility for repairing it.

For example: charging a tax to industries that pollute heavily.

IV. Sustainable development objectives
The Sustainable Development Objectives, commonly referred to as the Sustainable Development
Goals (SDGs), are a set of 17 global goals established by the United Nations in 2015 as part of the

2030 Agenda for Sustainable Development. These goals aim to address the world's most pressing
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economic, social, and environmental challenges, ensuring a sustainable and equitable future for all.
Here is a summary of the 17 SDGs:

Objective 1: End poverty in all its forms everywhere in the world.

Objective 2: End hunger, achieve food security, improve nutrition, and promote sustainable
agriculture.

Objective 3: Ensure healthy lives and promote well-being for all at all ages

Objective 4: Ensure inclusive and equitable quality education for all and promote lifelong learning
opportunities.

Objective 5: Achieve gender equality and empower all women and girls.

Objective 6: Ensure access to water and sanitation for all and promote sustainable management of
water resources.

Objective 7: Ensure access to affordable, reliable, sustainable, and modern energy for all.
Objective 8: Promote sustained, inclusive, and sustainable economic growth, full and productive
employment, and decent work for all.

Objective 9: Build resilient infrastructure, promote inclusive and sustainable industrialization, and
foster innovation.

Objective 10: Reduce inequalities within and among countries.

Objective 11: Make cities and human settlements inclusive, safe, resilient, and sustainable.
Objective 12: Ensure sustainable consumption and production patterns.

Objective 13: Take urgent action to combat climate change and its impacts.

Objective 14: Conserve and sustainably use the oceans, seas, and marine resources for sustainable
development.

Objective 15: Protect, restore, and promote sustainable use of terrestrial ecosystems, sustainably
manage forests, combat desertification, halt and reverse land degradation, and stop biodiversity loss.
Objective 16: Promote peaceful and inclusive societies for sustainable development, provide access
to justice for all, and build effective, accountable, and inclusive institutions at all levels.

Objective 17: Strengthen the means of implementation and revitalize the global partnership for

sustainable development.

V. Sustainable development challenges
Sustainable development addresses a wide range of interconnected global challenges that affect the
environment, society, and economy. These issues require holistic and collaborative solutions to

ensure a balanced and equitable future for all. sustainable development challenges include:
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1. Economy

From the origins of economic growth to the impact on growth caused by the unavailability (in the
economic sense) of natural resources (the end of cheap oil, overexploitation of renewable biological
resources).

2. Démographie

From the evolution of global populations to the study of current and future demographic transitions
by country... Why and how do we reach the stable outcome of 9 to 10 billion human beings on Earth?
3. Energy and Mineral Resources

Natural resources for energy.

An overview of energy-related challenges, geopolitical and technical issues (state of the art and new
technologies) linked to natural resources (reserves, distribution, prices, etc.) for energy (sun, wind,
oil, gas, coal, uranium, etc.) and raw materials (minerals, etc.) will be presented.

3. Climate

Climate change caused by anthropogenic greenhouse gas emissions.

4. Water

The geopolitical and technical challenges related to water.

5. Agriculture

Plant resources and land use for sustainable agriculture. The conditions for sustainable agriculture

and the political and economic challenges of global agricultural trade will be examined.
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Chapter 3: Environment and natural resources

I. Introduction

The environment encompasses all living and non-living elements that surround us, including the air,
water, land, ecosystems, and natural resources that sustain life on Earth. It is the foundation of human
existence, providing essential resources such as food, water, energy, and raw materials for economic
and social development. Natural resources, which are derived from the environment, include
renewable resources like forests, water, and solar energy, as well as non-renewable resources such as
fossil fuels, minerals, and metals.

However, the rapid growth of human populations and industrialization has placed immense pressure
on the environment and natural resources. Overexploitation, pollution, deforestation, climate change,
and habitat destruction have led to the depletion of resources and the degradation of ecosystems.
These challenges threaten biodiversity, disrupt ecological balance, and jeopardize the well-being of
present and future generations.

Recognizing the importance of sustainable development, there is a growing global emphasis on
conserving natural resources, protecting the environment, and adopting eco-friendly practices.
Balancing economic growth with environmental preservation is critical to ensuring that natural
resources remain available for future generations. This requires collective efforts from governments,
organizations, communities, and individuals to promote responsible consumption, reduce waste, and
implement policies that prioritize environmental health.

Understanding the intricate relationship between the environment and natural resources is key to
addressing global challenges such as climate change, water scarcity, and food security. By fostering
a harmonious coexistence with nature, we can ensure a sustainable and prosperous future for all.
We distinguish different types of environments: economic, political, social, industrial, cultural, etc.
In this course, we focus on the ecological environment, which is related to our planet Earth where

humans live and evolve.

I1. Characteristics of planet earth

Let us begin by presenting the planet Earth according to the description by Professor Gérard Mégie:
"Since its origins, planet Earth has functioned as a complex interactive system. The conditions that
allowed the emergence of humans result from a delicate balance between the oceans, the atmosphere,
solar energy, and the biosphere (living beings). This is a dynamic, not static, equilibrium,

characterized by constant exchanges that are themselves influenced by variations in cosmic
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parameters. It is from solar radiation that Earth draws the energy necessary for the thermodynamic

and chemical transformations that originate at its surface."”

This description can be summarized by the following figure (2) :

Eléments Cosmiques

Atmosphere

Figure 2. Dynamic interaction between natural elements

The image appears to be a conceptual representation of the interconnected systems of planet Earth,.

It illustrates the dynamic and complex interactions between various components that sustain life on

Earth. Here's an explanation of the elements in the image:

1.

Solar Radiation: This represents the energy from the sun, which is the primary source of
energy driving Earth's processes. Solar radiation is essential for photosynthesis, weather
patterns, and the overall climate system.

Atmosphere: The layer of gases surrounding Earth that regulates climate and weather. It
protects life by absorbing harmful solar radiation and maintaining the planet's temperature.
Ocean: Large bodies of water that play a critical role in climate regulation, carbon storage,
and supporting marine life. Oceans also interact with the atmosphere to influence weather
patterns.

Biosphere: All living organisms on Earth, including plants, animals, and humans. The
biosphere interacts with the atmosphere, oceans, and land to create a balanced and dynamic
system.

Cosmic Elements: External factors such as solar radiation and planetary movements that

influence Earth's systems. These elements contribute to the dynamic equilibrium of the planet.
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I11. The resources of planet earth
1. Water
Water is one of the most vital resources on Earth, essential for all forms of life. It is found in oceans,
rivers, lakes, glaciers, and underground aquifers. Water is crucial for drinking, agriculture, industry,
and maintaining ecosystems. Despite its abundance, only a small percentage of Earth's water is
freshwater available for human use, making its conservation and sustainable management critical.
He presence of water on Earth is the main characteristic of this planet, distinguishing it from other
planets and explaining the concept of life and growth. The total amount of water on Earth is 1400
km3, of which 1365 km? is saltwater. Freshwater is difficult to estimate accurately. Indeed, 97% of it
Is contained in the soil and deep layers of the Earth.
a. Uses
¢ Domestic use (10%)

o Drinking: Water is vital for human survival and health.

o Cooking: Used in food preparation and hygiene.

o Cleaning: For washing clothes, dishes, and maintaining household sanitation.

« Personal Hygiene: Bathing, brushing teeth, and other daily routines.
<+ Agricultural use (70%)

« Irrigation: Water is used to grow crops, especially in arid or semi-arid regions.

o Livestock: Providing water for animals raised for food and other products.
X Industrial use (20%)

o Manufacturing: Water is used as a raw material, coolant, or solvent in various industries.

« Energy Production: Hydroelectric power plants use water to generate electricity.

o Cooling Systems: Water is used in power plants and factories to cool machinery.
Water can be used both in other domain such : environmental (supporting ecosystems and
biodiversity), recreational (sports, leisure, and tourism), commercial (fishing, aquaculture, and
transportation) , municipal (public services and waste management), health (medical use and
sanitation systems), cultural (religious and ceremonial practices), scientific: (research and education).
b. Reconstitution rate
Water is constantly recycled on the Earth's surface. As an indication, nearly 600,000 km?3 of water
evaporates.
c. Stress: Humans withdraw less than 1% of the recycled water annually. Despite this small
percentage, the increasing demand for water, coupled with pollution and mismanagement, can still

lead to significant stress on water resources. This stress is exacerbated by factors such as population
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growth, climate change, and uneven distribution of water resources, making sustainable water
management crucial to ensure availability for future generations.
d. problematic: The resource is abundant but very unevenly distributed. Its quality also varies,

limiting its use or requiring costly treatments to make it potable or usable in certain economic sectors.

2. Air
Air is a vital natural resource essential for the survival of all living organisms. It consists of a mixture
of gases, primarily nitrogen (78%) and oxygen (21%), with trace amounts of other gases like carbon
dioxide, argon, and water vapor. Despite its abundance, air quality and availability face significant
challenges due to human activities and natural processes.
a. Uses
Air, and specifically oxygen (O.), is essential for the development and maintenance of life on Earth,
as it is the basis for the respiration of living organisms. Air is important in:
< Respiration: Oxygen in the air is crucial for the survival of humans, animals, and many
microorganisms.
< Climate Regulation: Air plays a key role in weather patterns and climate regulation through
the movement of air masses and the greenhouse effect.
< Ecosystem Support: Air is essential for photosynthesis in plants, which forms the basis of the
food chain.
< Industrial and Economic uses: Air is used in various industrial processes, such as combustion,
cooling, and chemical production.
b. Reconstitution rate
The proportion of O2 on Earth is considered stable because terrestrial and aquatic photosynthetic
organisms produce approximately 30 x 10" kg of O. annually. An equivalent amount is also
consumed through the respiration of living organisms. This balance ensures that oxygen levels remain
relatively constant, supporting life on Earth. However, human activities such as deforestation and
pollution can disrupt this equilibrium, highlighting the need for sustainable practices to maintain this
vital balance.
c. Stress: Humans breathe only a tiny fraction of the oxygen produced by plants, while the
combustion of fossil fuels alone consumes 4% of this production. This significant use of oxygen for
energy production, combined with deforestation and other human activities, creates stress on the

natural balance of oxygen in the atmosphere. If these trends continue, they could potentially disrupt
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the equilibrium of oxygen levels, emphasizing the need for sustainable energy practices and
conservation of ecosystems that produce oxygen.

d. Problematic: Air pollution poses a significant threat to human health, primarily due to polluting
human activities. These include emissions of ozone, various oxides, fine particles from industrial
processes, and exhaust gases from vehicles. These pollutants can cause respiratory and cardiovascular
diseases, reduce air quality, and harm ecosystems. Addressing this issue requires stricter regulations,
cleaner technologies, and sustainable practices to reduce emissions and protect public health and the

environment.

3. Fossil energies

Fossil energy, including coal, oil, and natural gas, currently supply 86% of the world's primary

energy. These non-renewable resources are the backbone of global energy systems, powering

industries, transportation, and households. However, their extensive use has significant

environmental, economic, and social consequences.

+ QOil is a fossil fuel formed from the remains of ancient marine organisms over millions of years. It

is one of the most widely used energy sources globally, powering transportation, industries, and

households. However, its extraction, refining, and consumption have significant environmental,

economic, and social impacts.

a. Uses

«+ Transportation: Oil is the primary fuel for cars, trucks, airplanes, and ships.

« Industrial Processes: It is used as a raw material in the production of plastics, chemicals, and
synthetic materials.

¢+ Energy Generation: Oil is used in power plants to generate electricity, though less
commonly than coal or natural gas.

«» Heating: It is used for heating homes and buildings in some regions.

b. Reconstitution rate

Oil is a non-renewable resource formed over millions of years from the decomposition of ancient

organic matter under high pressure and temperature. This extremely slow natural process means that

once oil reserves are depleted, they cannot be replenished on a human timescale. As a result, the

current rate of oil extraction far exceeds its natural rate of formation, leading to concerns about

resource depletion and the need for sustainable energy alternatives.

c. Stress: At the current rate of consumption, there are approximately 42 years of oil reserves left.

This estimate highlights the urgency of addressing our dependence on oil and transitioning to more
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sustainable energy sources. The finite nature of oil reserves, combined with increasing global
demand, poses significant challenges for energy security, economic stability, and environmental
sustainability. To mitigate this stress, it is crucial to invest in renewable energy, improve energy
efficiency, and adopt policies that reduce reliance on fossil fuels.
d. Problematic: The global oil industry faces significant challenges due to:
% High Demand:
e Growing global energy needs, driven by industrialization, urbanization, and
population growth, are increasing the demand for oil.
e This demand puts pressure on finite reserves and accelerates depletion.
¢+ Uneven Distribution:
e Oil reserves are concentrated in specific regions (e.g., the Middle East, Russia, and
Venezuela), while many countries rely heavily on imports.
e This uneven distribution creates economic and geopolitical dependencies.
¢+ Geopolitical Tensions:
e Control over oil resources often leads to conflicts, political instability, and power
struggles between nations.
e Disruptions in oil supply, whether due to conflicts, sanctions, or natural disasters, can

cause global price volatility and economic instability.

+ Natural Gas is a fossil fuel composed primarily of methane (CH4) and is used extensively for
heating, electricity generation, and as a fuel for vehicles and industrial processes. It is considered a
cleaner alternative to coal and oil due to its lower carbon dioxide emissions when burned. However,
its extraction, transportation, and use still pose environmental and economic challenges.
a. Uses
< Electricity Generation: Natural gas is a major source of energy for power plants, providing a
reliable and relatively clean energy source.
< Heating: It is widely used for heating homes, businesses, and water.
< Industrial Processes: Natural gas is a key feedstock for producing chemicals, fertilizers, and
hydrogen.
< Transportation: Compressed natural gas (CNG) and liquefied natural gas (LNG) are used as

alternative fuels for vehicles.
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b. Reconstitution rate: Millions of years.

Natural gas, like other fossil fuels, is a non-renewable resource formed over millions of years from
the decomposition of ancient organic matter under high pressure and temperature. This extremely
slow natural process means that once natural gas reserves are depleted, they cannot be replenished on
a human timescale. As a result, the current rate of extraction far exceeds its natural rate of formation,
highlighting the need for sustainable energy alternatives and efficient use of existing resources.

c. Stress: At the current rate of consumption, there are approximately 150 years of natural gas
reserves left. While this may seem like a long time, several factors contribute to the stress on natural
gas resources.

d. Problematic:

The increased use of natural gas, despite being cleaner than coal and oil, contributes to the
acceleration of carbon dioxide (CO:) and sulfur/nitrogen oxide (SO« and NO,) emissions. This
poses significant environmental and health challenges:
+¢+ Carbon Dioxide (CO2) Emissions
. While natural gas emits less CO: than coal or oil when burned, it is still a fossil fuel
and contributes to global warming.
. Increased reliance on natural gas delays the transition to renewable energy, prolonging
dependence on carbon-intensive energy sources.
. Over time, cumulative CO: emissions from natural gas can significantly impact
climate change.
+¢ Sulfur and Nitrogen Oxides (SOx and NOx)
. Natural gas combustion releases nitrogen oxides (NOy), which contribute to smog,
acid rain, and respiratory illnesses.
. Although natural gas contains little to no sulfur, associated processes (e.g., extraction,
refining) can release sulfur oxides (SOx), further degrading air quality.
% Methane Leaks
. Methane, the primary component of natural gas, is a potent greenhouse gas with a
global warming potential much higher than CO: over short periods.
. Leaks during extraction, transportation, and distribution of natural gas can offset its
climate benefits.
¢+ Environmental and Health Impacts
. Air Pollution: Emissions of CO2, NO,, and SOy contribute to poor air quality, leading
to respiratory and cardiovascular diseases.
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. Climate Change: Increased greenhouse gas emissions accelerate global warming,
causing extreme weather events, rising sea levels, and ecosystem disruptions.
. Acid Rain: SOx and NOy emissions can lead to acid rain, harming forests, soils, and

aquatic ecosystems.

+ Coal is a fossil fuel formed from the remains of ancient plants that were subjected to heat and
pressure over millions of years. It has been a cornerstone of global energy production for centuries,
but its use comes with significant environmental, economic, and social challenges. Here’s an
overview of coal as a resource
a. Uses of Coal
< Electricity Generation: Coal is a major source of energy for power plants, providing a
significant portion of the world's electricity.
< Industrial Processes: It is used in steel production, cement manufacturing, and other industrial
applications.
< Heating: In some regions, coal is still used for heating homes and buildings.
b. Reconstitution rate
Coal is a non-renewable resource formed over millions of years from the remains of ancient plants
that were subjected to heat and pressure. This extremely slow natural process means that once coal
reserves are depleted, they cannot be replenished on a human timescale. As a result, the current rate
of extraction far exceeds the rate of formation, highlighting the need for sustainable energy
alternatives and efficient use of existing resources.
c. Stress: At the current rate of consumption, there are approximately 150 years of coal reserves left.
While this may seem like a long time, several factors contribute to the stress on coal resources
d. Problematic: The continued use of coal accelerates the emission of carbon dioxide (CO2) and
sulfur/nitrogen oxides (SOx and NOy), posing significant environmental and health challenges:
+¢ Carbon Dioxide (CO:) Emissions
%+ Coal is the most carbon-intensive fossil fuel, contributing significantly to global warming
and climate change.
% Increased CO: emissions exacerbate extreme weather events, rising sea levels, and
disruptions to ecosystems.
+¢ Sulfur and Nitrogen Oxides (SOx and NOx)
e Sulfur Dioxide (SO:): Released during coal combustion, SO: contributes to acid rain, which

damages forests, soils, and aquatic ecosystems.
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e Nitrogen Oxides (NOy): These pollutants contribute to smog formation, respiratory illnesses,
and cardiovascular diseases.
+¢+ Air Pollution and Health Impacts
e Particulate Matter: Coal combustion releases fine particles that can penetrate deep into the
lungs, causing respiratory and cardiovascular diseases.
e Public Health Burden: The health impacts of coal pollution lead to increased healthcare costs
and reduced quality of life, particularly in communities near coal plants.
+¢+ Environmental Degradation
e Acid Rain: SO2 and NOy emissions lead to acid rain, which harms plants, animals, and
infrastructure.
e Ecosystem Disruption: Coal mining and pollution disrupt habitats, reduce biodiversity, and
contaminate water sources.
++ Climate Change Acceleration
Coal is a major driver of global warming, and its continued use undermines efforts to meet

international climate goals, such as those outlined in the Paris Agreement.

% Uranium
Uranium is a naturally occurring radioactive element that serves as the primary fuel for nuclear power
generation. It is a critical resource for producing low-carbon electricity, but its extraction, use, and
waste management come with significant environmental, economic, and safety challenges.
a. Uses
< Nuclear Power: Uranium is used as fuel in nuclear reactors to generate electricity. It undergoes
nuclear fission, releasing large amounts of energy with minimal greenhouse gas emissions.
< Medical Applications: Uranium-derived isotopes are used in cancer treatment and medical
imaging.
< Military Uses: Highly enriched uranium is used in nuclear weapons and naval propulsion
systems.
b. Reconstitution rate
Uranium is a non-renewable resource, meaning it does not replenish on human timescales. It is formed
through geological processes over millions of years, and once extracted and used, it cannot be
replaced. This finite nature of uranium underscores the importance of:
< Efficient use of existing resources.

< Investing in alternative energy sources like renewables.
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< Developing advanced nuclear technologies (breeder reactors) to extend the usability of
uranium and reduce waste.
Sustainable management and innovation are essential to maximize the benefits of uranium while
minimizing its environmental and economic impacts.
c. Stress: At the current rate of consumption, there are approximately 32 years of uranium reserves
left. This limited supply highlights several challenges and stresses associated with uranium as a
resource.
d. Problematic: Fewer than 30 countries possess the necessary technology for uranium utilization,
and the management of radioactive waste remains a significant challenge. These issues create several
complexities.
+¢+ Limited Access to Technology
o Concentration of Expertise: Nuclear technology is complex and requires advanced
infrastructure, limiting its adoption to a small number of countries.
« Geopolitical Inequality: Countries without access to nuclear technology may face energy
insecurity or dependence on others for nuclear power.
« Proliferation Risks: The spread of nuclear technology raises concerns about its misuse for
weapons development.
+ Radioactive Waste Management
e Long-Term Hazards: Spent uranium fuel remains highly radioactive for thousands of years,
posing risks to human health and the environment.
o Storage Challenges: Safe and secure long-term storage solutions, such as deep geological
repositories, are expensive and technically demanding.
« Public Opposition: Communities often resist the construction of waste storage facilities due
to safety and environmental concerns.
¢ Environmental and Health Risks
= Mining and Processing: Uranium extraction and processing can contaminate soil, water, and
air with radioactive materials.
= Accidents and Leaks: Nuclear power plants and waste storage sites carry the risk of accidents
or leaks, with potentially catastrophic consequences.
¢+ Economic and Regulatory Barriers
= High Costs: Developing and maintaining nuclear infrastructure requires significant financial

investment.
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= Strict Regulations: Compliance with international safety and non-proliferation standards adds
complexity and cost to nuclear programs.

4. Other energy (renewable energies)

What can be said about these energy sources is that their potential far exceeds demand. The only

critical point is that current technologies allow us to harness only a tiny fraction of it.

Renewable energies, such as solar, wind, hydroelectric, geothermal, and biomass, represent a crucial

and sustainable alternative to fossil fuels. These energy sources are derived from natural processes

that are continuously replenished, making them virtually inexhaustible on a human timescale. They

presents same advantages such:
++ Sustainability: Renewable energies are derived from natural sources that are constantly
replenished, ensuring long-term availability.

< Environmental Benefits: They produce little to no greenhouse gas emissions or pollutants,
helping to combat climate change and reduce air pollution.

«+ Energy Independence: By harnessing local renewable resources, countries can reduce their
dependence on imported fossil fuels and enhance energy security.

« Job Creation: The renewable energy sector creates jobs in manufacturing, installation,

maintenance, and research, contributing to economic growth.

+ Solar Energy:
Solar energy is a versatile renewable resource used for electricity generation and heat production.
a.Uses
+¢ Electricity Production Solar energy is commonly used to generate electricity through two main
technologies:
e Photovoltaic (PV) Systems: Convert sunlight directly into electricity for homes, businesses,
and large-scale solar farms.
+¢+ Concentrated Solar Power (CSP): Uses mirrors to concentrate sunlight, generating steam to power
turbines, often with thermal storage for continuous energy supply.
+¢+ Heat Production
e Solar Water Heating: Heats water for domestic, commercial, or industrial use.Space Heating:
Warms buildings using solar thermal systems.Industrial Process Heat: Provides heat for
manufacturing processes.

e Solar Cooking: Uses sunlight for cooking, ideal for off-grid areas.
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b. Reconstitution rate
For solar energy, this pace is exceptionally fast and continuous, making it a highly sustainable energy
source. Solar energy is derived from the sun, which emits energy through nuclear fusion. This process
is constant and will continue for billions of years, making solar energy inexhaustible on a human
timescale.
c. Stress
There’s Enough for 7 Billion Years (Until the Sun’s Explosion): One of the most remarkable aspects
of solar energy is its long-term availability. The sun has been shining for about 4.6 billion years and
is expected to continue for another 5 to 7 billion years before it exhausts its nuclear fuel and undergoes
significant changes, potentially leading to its expansion and eventual transformation into a red giant.
d. Problematic
Solar energy conversion efficiencies are low (10%) and solar collectors (silicon) are expensive to
produce. Intermittent energy.
Low Conversion Efficiency, High Costs, and Intermittency: Solar energy, while abundant and
renewable, faces several technical and economic challenges that limit its widespread adoption:
s Low Conversion Efficiency: Most solar panels convert only 10-22% of sunlight into
electricity, though emerging technologies promise higher efficiency.
« High Costs: Production of silicon-based panels is expensive, and installation requires
significant upfront investment.
« Intermittency: Solar energy depends on sunlight, making it unreliable at night or during bad

weather, necessitating costly energy storage solutions.

+ Wind energy
Wind power is a key renewable energy source that converts the kinetic energy of wind into electricity
using wind turbines. It is one of the fastest-growing and most widely adopted clean energy
technologies globally.
Wind turbines consist of blades, a rotor, a nacelle (housing the generator), and a tower. When wind
blows, it spins the blades, which turn the rotor connected to a generator, producing electricity.
a.Uses
Wind power is primarily used to generate clean, renewable electricity. Key applications include:

% Large-Scale Wind Farms:

e Onshore: Land-based turbines supply power to the grid.

e Offshore: Water-based turbines with higher energy potential.
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+» Distributed Wind Power:

Small turbines for homes, farms, or communities.

o
S

*

Grid Integration:

Wind energy feeds into the grid, supported by storage and smart grid systems.
% Hybrid Systems:
Combined with solar or other renewables for stable supply.

o
S

*

Industrial/Commercial Use:

Powers factories, data centers, and businesses.

>

s Remote/Off-Grid Applications:

L)

Provides electricity in areas without grid access.
b. Reconstitution rate
Wind energy is characterized by a continuous pace of reconstitution, making it a highly sustainable
and renewable energy source.
+Wind is created by natural processes such as the uneven heating of the Earth’s surface by the
sun, the rotation of the Earth, and atmospheric pressure differences. These processes are
ongoing and will continue as long as the sun shines and the Earth exists.
<Unlike fossil fuels, which take millions of years to form and are being depleted much faster than
they can be replenished, wind energy is renewed constantly and is essentially inexhaustible.
c.Stress
7 Billion Years (Until the Sun Explodes): Wind energy is an incredibly stress-free resource in terms
of its long-term availability.
d. Problematic
Intermittent Electricity Production: One of the main challenges of wind energy is its intermittent
nature. Wind speeds, and consequently power output, can vary significantly over time and across
regions :
<Variable Wind Speeds: Wind is not constant; it fluctuates based on weather patterns, time of
day, and seasonal changes. This leads to inconsistent electricity generation.
< Unpredictability: While weather forecasts can predict wind patterns to some extent, sudden
changes (example calm periods or storms) can disrupt energy production.
+ Hydraulic energy
Hydraulic energy, also known as hydropower, is one of the oldest and most widely used renewable
energy sources. It generates electricity by harnessing the energy of moving water, such as rivers,

dams, or tides.
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a. Uses
Hydraulic energy, or hydropower, harnesses moving water to generate electricity and support various
applications:
¢ Electricity Generation:
Large-scale dams and run-of-river systems produce power for grids, cities, and industries.
¢ Pumped Storage:
Acts as energy storage by pumping water to higher reservoirs and releasing it during peak
demand.
¢+ Small-Scale Hydropower:
Provides electricity to rural, off-grid, or remote areas.
¢ Flood Control & Water Management:

Dams and reservoirs prevent flooding and supply water for irrigation and drinking.

>

+« Tidal and Wave Energy:

L)

Harnesses ocean tides and waves for electricity (emerging technology).
s Grid Stability:
Balances the grid and supports integration of intermittent renewables like solar and wind.
b. Reconstitution rate
Hydraulic energy, or hydropower, is characterized by a continuous pace of reconstitution, making
it a highly sustainable and renewable energy source:
+Hydraulic energy relies on the water cycle, a natural process driven by solar energy. Water
evaporates from oceans and lakes, forms clouds, precipitates as rain or snow, and flows back
into rivers and reservoirs.
<This cycle is continuous and will persist as long as the sun shines and the Earth’s climate system
functions, ensuring a perpetual supply of water for hydropower.
Cc. Stress
Available for 7 billion Years (Until the Sun Explodes). Hydraulic energy, or hydropower, is generally
considered a low-stress energy source in terms of long-term availability and sustainability. However,
it does face certain challenges and stressors that need to be managed.
d. Problematic
Dam Construction Alters Ecosystems, Floods Land, and Displaces Local Populations: The
construction of dams for hydropower generation, while offering benefits in terms of renewable
electricity production, comes with several major challenges. These impacts must be carefully

addressed to ensure sustainable and equitable development:
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«+ Ecosystem Alteration:

Disrupts habitats, blocks fish migration, and changes water quality.

o
S

*

Land Flooding:
Floods agricultural and forest land, leading to deforestation and loss of fertile areas.
+ Displacement of Local Populations:

Forces communities to relocate, causing loss of homes, livelihoods, and cultural heritage.

o
S

*

Other Impacts:

Sedimentation reduces reservoir efficiency, and reservoirs can emit greenhouse gases.

+ Geothermal
Geothermal energy is a renewable energy source that utilizes heat from the Earth's interior to generate
electricity or provide direct heating. It is a reliable and sustainable energy option with significant
potential. Here’s an overview of geothermal energy, including its uses, advantages, challenges, and
future prospects:
a. Uses
Geothermal energy is a versatile renewable resource used for both heat production and electricity
generation. Here’s how it is utilized in these areas:
¢ Electricity Generation:
e Dry Steam Plants: Use steam directly from reservoirs.
e Flash Steam Plants: Create steam from hot water.
e Binary Cycle Plants: Use hot water to heat a secondary fluid.
+ Direct Heat Production:
e District Heating: Warms homes and buildings.
e Greenhouse Heating: Supports agriculture.
e Industrial Processes: Provides heat for manufacturing.
e Hot Water Supply: For domestic and commercial use.
¢ Geothermal Heat Pumps:
Heat and cool buildings efficiently.
% Recreational Uses:
Hot springs for spas and tourism.
e. Reconstitution rate
Geothermal energy is often considered a renewable resource because it relies on the Earth's internal

heat, which is continuously produced by the radioactive decay of elements like uranium, thorium, and
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potassium. However, in specific contexts, geothermal energy can behave like a non-renewable
resource due to the following factors:
< Reservoir Exhaustion:

¢ Inaspecific geothermal reservoir, the heat and water can be depleted if extracted faster
than they are naturally replenished.

e Overuse can lead to a decline in temperature and pressure, reducing the efficiency and
lifespan of the geothermal system.

< Limited Recharge Rate:

e The natural replenishment of heat and water in a geothermal reservoir can take decades
or even centuries, making it non-renewable on a human timescale for that specific
location.

b. Stress
Available as long as there are radioactive elements in the earth (several billion years): Geothermal
energy is powered by heat generated from the radioactive decay of elements like uranium, thorium,
and potassium in the earth’s core. This process has been ongoing for billions of years and will
continue for several billion more, ensuring a virtually inexhaustible supply of heat.
c. Problematic
With the exception of a few regions, the resource is generally difficult to access, as it
requires deep drilling:
¢+ Geographical Limitations:
e High-temperature resources are mostly found in tectonically active regions (example:
Iceland, U.S. West Coast).
Deep Drilling Challenges:

X/
o

e Expensive and technically complex, especially in hard rock or extreme depths.
e High risks of equipment failure and unexpected geological conditions.
% Exploration Risks:
e Identifying viable reservoirs is costly and uncertain.
+ Environmental and Social Concerns:
e Land use, permitting, and induced seismicity can pose challenges.
+ Biomass
Biomass energy is a renewable energy source derived from organic materials, such as plants,

agricultural residues, wood, and animal waste. It can be used to produce heat, electricity, and biofuels.
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a. Uses
Biomass energy is a versatile renewable resource used for heating, electricity generation, and biofuel
production. Here’s how it is utilized in these areas:
¢+ Heating:
e Residential, commercial, and industrial heating using wood pellets, logs, or chips.
e District heating systems for multiple buildings.
¢ Electricity Generation:
e Direct combustion to produce steam for turbines.
e Co-firing with coal to reduce emissions.
e Anaerobic digestion to produce biogas for electricity.
% Biofuels:
e Ethanol: Blended with gasoline for vehicles.
e Biodiesel: Used in diesel engines.
e Biogas: For heating, cooking, and electricity.
b. Reconstitution rate
A few dozen years: Biomass energy is considered a renewable resource because the organic materials
used (example: plants, crops, and waste) can be replenished over time. However, the rate of recovery
depends on the type of biomass and how it is managed.
c.Stress
Withdrawal lower than the rate at which the reserve is built up: For biomass energy to remain
sustainable, the rate of withdrawal (harvesting or use of biomass) must be lower than the rate at which
the reserve (biomass resources) is naturally replenished.
d. Problematic: Firewood Use Accelerating Deforestation
The reliance on firewood as the primary source of domestic energy for approximately 25% of the
global population is a significant driver of deforestation. This practice, while providing essential
energy for cooking and heating, has severe environmental and social consequences:
< Environmental Impacts:
e Deforestation, soil degradation, and increased carbon emissions.

++ Social and Economic Impacts:

e Health risks from indoor smoke, increased labor for collection, and economic burdens.
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5. Mineral elements

What can be said about these energies is that the potential exceeds the demand. The only critical point
is that current technologies can only exploit a tiny fraction of it. Metals are a category of chemical
elements characterized by their physical and chemical properties, such as high electrical and thermal
conductivity, malleability, ductility, and luster. They play a critical role in various industries,
technologies, and everyday life.

+ Gold
Gold (chemical symbol: Au) is a precious metal known for its rarity, beauty, and unique properties.
It has been highly valued throughout human history for its use in jewelry, currency, and various
industrial applications.
a.Uses
Gold is a versatile and highly valued metal with a wide range of uses due to its unique properties,
such as conductivity, malleability, corrosion resistance, and luster. Here’s a summary of its key
applications:
¢ Jewelry and Decoration: Widely used in jewelry and art for its beauty and durability.
+ Financial and Monetary Use: A store of value, used in investments, reserves, and as a hedge
against inflation.
¢+ Electronics: Essential for connectors, circuit boards, and semiconductors due to its
conductivity.
% Medicine and Dentistry: Used in dental work, medical devices, and cancer treatment research.
¢+ Aerospace and Defense: Used in spacecraft, aircraft, and advanced defense systems.
¢ Industrial Applications: Acts as a catalyst in chemical reactions and is used in glass
manufacturing and lubricants.
+« Awards and Status Symbols: Featured in medals, trophies, and religious artifacts.
++ Nanotechnology: Gold nanoparticles are used in medical diagnostics, environmental cleanup,
and electronics.
+ Renewable Energy: Used in solar panels and hydrogen production research.
¢ Research and Development: Used in scientific instruments and quantum computing.
b. Stock
The estimated total amount of gold ever mined is around 208,874 tonnes (as of 2023), according to
the World Gold Council.
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c.Location

Gold reserves are spread across the globe, with major deposits in South Africa (14%), Australia
(12%), and Peru (8%). Other significant reserves are found in Russia, the U.S., Canada, China,
Indonesia, and Brazil. These countries play a key role in global gold production, with mining
concentrated in regions like the Witwatersrand Basin (South Africa), Western Australia, and the
Andes (Peru).

d. Reconstitution rate

gold is a non-renewable resource, meaning it is finite and cannot be replenished on a human timescale.
Once gold is extracted and used, it is not naturally replaced within a timeframe that is meaningful for
human use. This characteristic of gold has significant implications for its mining, usage, and long-
term availability.

e.stress

The stress associated with the estimate of 13 years of gold reserves at the current production rate
(20,500 tonnes per year) stems from the economic, industrial, and environmental challenges that such

a scenario would create.

+ Silver
Silver is a precious metal with the chemical symbol Ag (from Latin: argentum) and atomic number
47. It has been valued for thousands of years for its beauty, conductivity, and industrial applications.
a.Uses
Silver is a versatile metal with a wide range of uses across various industries due to its unique
properties, such as high electrical and thermal conductivity, reflectivity, malleability, and
antimicrobial properties. the major uses of silver are:
+«+ Jewelry and Silverware: Known for its luster and resistance to corrosion.
+¢ Electronics: Used in circuits, solar panels, and batteries due to high conductivity.
% Medicine: Antibacterial properties make it useful in wound dressings and coatings.

+«+ Investment and Currency: Used in coins and bullion as a store of value.

>

¢ Photography and Mirrors: Silver nitrate was once key in film photography.
b. Stock
The estimated global stock of silver is between 270,000 to 383,000 tonnes. represents a significant

L)

quantity, given that global silver production is around 25,000-30,000 tonnes per year. This includes:

«* Proven Reserves: Known, extractable silver in mines.
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%+ Above-Ground Stock: Silver already mined and in circulation (coins, bullion, industrial
use).

% Recyclable Silver: Recoverable from electronics, jewelry, and industrial waste.
c. Location
The distribution of silver reserves across countries like Poland (20%), Mexico (14%), and Peru
(13%) highlights the global concentration of this precious metal and its strategic importance. In
addition, China, Russia and Australia
d. Reconstitution rate
silver is a non-renewable resource, meaning it does not naturally replenish on a human timescale.
Once extracted and used, silver cannot be replaced within a reasonable timeframe.
e. Stress
At the current global silver production rate of 20,500 tonnes per year, the estimated 13 years of
reserves suggests that economically viable silver deposits could be depleted by around 2037 if no

new major discoveries or technological advances occur.

Note
There are essentially 8 other elements and minerals that are overexploited and non-renewable. These

include Nickel, Copper, Lead, Cobalt, Zinc, Aluminium, Tin and Palladium.

+ Platinum
Platinum is a rare, precious metal known for its exceptional properties, including high corrosion
resistance, catalytic activity, and durability. It is a critical material in various industries, from
automotive to jewelry, and its scarcity makes it highly valuable.
a.Uses
¢+ Automobile Industry: Used in catalytic converters to reduce vehicle emissions.
+«» Jewelry: Valued for its durability and rarity in high-end jewelry.
+ Industrial and Chemical Applications: Used in petroleum refining, glass manufacturing, and
electronics.
+« Medical and Dental: Found in pacemakers, dental crowns, and anti-cancer drugs (cisplatin).
b. Stocs
Above-ground stock (including industrial reserves, investment holdings, and central bank reserves)

is estimated at around 60,000—70,000 tons. Annual mine production is approximately 190-200 tons.
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c.Location

The majority of known platinum reserves are located in South Africa, primarily in the Bushveld
Complex. This country accounts for 80% of global platinum production.

d. Reconstitution rate

The rate of replenishment of platinum is non-renewable, meaning it does not form at a significant rate
on a human timescale.

e.Stress

If the global platinum reserves are estimated to last only 56 years at the current production rate of
230 tons per year, this indicates a critical situation with significant implications for economics,

industries, and sustainability.

+ lron
Iron is a chemical element with the symbol Fe and atomic number 26. It is a metal in the first transition
series of the periodic table and is one of the most abundant elements on Earth. and is crucial for

various applications, from construction and manufacturing to biological processes in the human body.

a.Uses
<Construction: Iron is a key component of steel, which is used in buildings, bridges, and
infrastructure.
< Transportation: Used in the manufacturing of vehicles, ships, and railways.
< Machinery and Tools: Iron and its alloys are used to make tools, machinery, and equipment.
< Household Items: Used in cookware, cutlery, and appliances.
< Medical Applications: Iron is essential for human health and is used in supplements to treat
anemia.
b. Stocks
The world's iron ore reserves are estimated to be around 150 billion tonnes. this would represent a
massive quantity of iron ore, likely held by a country, mining company, or industry.
c. Location
The distribution of iron ore reserves across countries plays a critical role in global supply chains,
geopolitics, and economic dynamics. Based on the percentages you provided.
breakdown of the significance of these reserves: Ukraine contains 20% of known reserves, Russia
17%, China 14%, Brazil 11% and Australia 11%.
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d. Reconstitution rate

iron ore is a non-renewable resource, meaning it does not naturally replenish on a human timescale.
Once extracted and used, it cannot be replaced like renewable resources

e.stress

The global iron ore reserves are estimated to last 79 years at the current production rate of 1.9 billion
tonnes per year, this highlights both the finite nature of the resource and the need for strategic planning

to ensure sustainable use.

6. The biodiversity
Biodiversity refers to the variety of life on Earth, including different species of plants, animals, fungi,
and microorganisms, as well as the ecosystems they form. Scientists have identified and classified
nearly 1.7 million species, but estimates suggest there may be millions more yet to be discovered,
especially in remote areas like deep oceans and rainforests.
Biodiversity is crucial for ecosystem stability, providing essential services such as pollination, oxygen
production, and climate regulation. However, human activities like deforestation, pollution, and
climate change threaten many species, leading to habitat loss and extinction. Conservation efforts aim
to protect and restore biodiversity to maintain a healthy planet.
a. Uses
Biodiversity provides numerous goods and services to mankind: food, fresh water and wood supplies,
stocks of chemical molecules used in pharmacology, purification of polluted water and soil,
regulation of flooding and erosion.
Biodiversity plays a crucial role in sustaining life on Earth by providing essential goods and services.
%+ Goods Provided by Biodiversity:
e Food Supply — Biodiversity ensures a variety of crops, livestock, and fisheries that sustain
global food production.
e Fresh Water and Wood: Forests and wetlands help regulate water cycles, while trees
provide timber and fuel.
¢ Medicinal Resources: Many pharmaceuticals are derived from plants, fungi, and microbes.
For example, the rosy periwinkle plant has been key in developing leukemia treatments.
+«» Ecosystem Services Provided by Biodiversity:
e Water and Soil Purification — Wetlands and soil microorganisms filter pollutants,

improving water and soil quality.
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e Flood and Erosion Control — Mangroves and forests stabilize soil, reducing the impact of
floods and landslides.
e Climate Regulation — Forests absorb carbon dioxide, helping to mitigate climate change.
b. Rate of reconstitution
within species, the renewal of individuals takes from a few hours (as in the case of micro-organisms)
to a few weeks (insects), or even several years (trees). An extinct species, on the other hand, is lost
forever.
The ability of species to regenerate varies significantly depending on their life cycle and reproductive
capacity:
< Microorganisms: Some bacteria can reproduce in minutes to hours, allowing rapid population
recovery.
< Insects: Many insects, such as mosquitoes, can reproduce within days or weeks, ensuring quick
renewal.
< Plants and Trees: Trees and large plants take years or even decades to mature, making their
regeneration much slower.
However, extinction is irreversible—once a species disappears, it is lost forever. Unlike individual
organisms, which can be replaced within a species, the extinction of an entire species eliminates its
unique genetic information, role in the ecosystem, and potential benefits to humanity (such as
medicinal discoveries). This highlights the importance of conservation efforts to prevent species loss
and ensure biodiversity remains intact for futu
c.Stress
The current rate of species extinction is estimated to be one hundred to one thousand times higher
than it has been over geological time.
The current rate of species extinction is estimated to be 100 to 1,000 times higher than the natural
background extinction rate observed over geological time. This alarming acceleration is primarily
caused by human activities, including:
< Deforestation and Habitat Destruction: Clearing forests for agriculture, urbanization, and
infrastructure reduces natural habitats.
< Pollution: Chemical pollutants, plastics, and industrial waste contaminate ecosystems,
harming wildlife.
< Climate Change: Rising temperatures, ocean acidification, and extreme weather disrupt

species' ability to adapt.
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< Overexploitation: Overfishing, hunting, and poaching deplete populations faster than they can
recover.
< Invasive Species: Non-native species introduced by humans can outcompete or prey on native
species, leading to imbalances.
d. Problematic
The destruction of natural habitats, pollution, and global warming are major threats to biodiversity,
disrupting ecosystems and the services they provide. Tropical forests, which are highly biodiverse,
are especially at risk due to deforestation, climate change, and fragmentation :
++ Habitat Destruction:
o Deforestation and urbanization displace species and reduce biodiversity.
e Example: Tropical forests like the Amazon are being cleared for agriculture and
logging.
¢+ Pollution:
e Water, air, and soil pollution harm wildlife and ecosystems.
e Example: Coral reefs are dying due to pollution and ocean acidification.
% Global Warming:
e Rising temperatures and extreme weather disrupt ecosystems and threaten species.

e Example: Polar bears are losing their habitats due to melting ice.

7. Soil

Soil is vital for life, hosting most of Earth's biomass and playing a key role in the water cycle.
However, it forms very slowly (0.1 mm/year) and is being eroded 100 to 1,000 times faster than it
can regenerate. Half of the world's arable land is degraded due to erosion, chemical degradation, and
unsustainable agricultural practices. Additionally, arable land is unevenly distributed, with significant
challenges in regions like the Sahara.

a.Uses

Soil is the natural foundation for animal and plant life. It hosts more than 80% of the Earth's living
biomass and represents a dynamic, living environment that also plays a role in the water cycle. In this
cycle, soil performs regulatory and purification functions. Humans exploit soils for various purposes.
b. Rate of Reconstitution

Depending on climatic conditions, biological activity, and the nature of the rock on which the soil
develops, it takes several centuries to several millennia for soil to form. On average, soil forms at a

rate of 0.1 mm per year.
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c. Stress

The natural rate of soil formation is 100 to 1,000 times slower than current erosion rates.

d. Problematic

Half of the world's arable land (nearly 2 billion hectares) is degraded. The main causes are wind and
water erosion as well as chemical degradation (acidification, salinization). Agricultural practices,
such as pesticide use, also contribute to soil degradation. Another observed phenomenon is the
unequal natural distribution of arable land between the Global North and South, as well as the
extensive presence of deserts like the Sahara.

8. Food resources
Food resources are essential for sustaining human and animal life, and their production, distribution,
and consumption are critical to global food security. Asia plays a dominant role in global food
production, contributing nearly half of the world's food resources. Below is a detailed exploration of
food resources, their uses, rates of replenishment, current stresses, and the challenges they face.
Some examples of food resources: wheat (2221Million ton Mt), sugar plants (1650 Mt), vegetables
(903Mt), tubers (737Mt), fruit (526Mt), meat (27 Mt), fish (141Mt).
a.Uses
Food resources serve two primary purposes:
< Human Consumption: The majority of food resources are used to feed the global population,
providing energy, nutrients, and sustenance.
< Animal Feed: A significant portion of crops, such as wheat and maize, is used to feed livestock,
which in turn provides meat, dairy, and other animal products.
b. Rate of reconstitution
The time it takes for food resources to replenish varies significantly depending on the type of resource:
< Daily: Products like eggs and milk are replenished daily, as they are produced by livestock
continuously.
< Seasonal: Crops such as cereals (wheat, rice) and fruits are harvested seasonally, with one or
more growing cycles per year.
< Several Years: Livestock, such as cattle and poultry, require years to raise and breed, making
their replenishment slower.

c. Stress
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Food systems are under significant stress due to several factors:
< Limited Cereal Stocks: Global cereal stocks can only ensure about 10 weeks of consumption,
making the world vulnerable to supply chain disruptions.
< Overexploitation of Fish Stocks: 25% of global fish stocks are overexploited or depleted,
threatening marine biodiversity and the livelihoods of fishing communities.
<Climate Change: Extreme weather events, such as droughts and floods, disrupt agricultural
production and reduce yields.
<Population Growth: The global population is increasing, driving higher demand for food
resources.
<Changing Diets: Rising incomes and urbanization are shifting diets toward more resource-
intensive foods like meat and dairy, increasing pressure on agricultural systems.
d. problematic
Access to food resources is highly unequal, leading to significant challenges:
<sUndernourishment: Over 800 million people worldwide suffer from hunger and malnutrition,
particularly in developing countries.
< Rising Food Prices: Increased demand for food resources, coupled with supply constraints, has
led to rising food prices, making it harder for low-income populations to afford nutritious
food.
< Geopolitical Inequalities: The natural distribution of arable land is uneven, with some regions
(example: sub-Saharan Africa) facing challenges like desertification and poor soil quality,

while others (example: North America, Europe) have abundant fertile land.
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Chapter 4: Substances (pollutants)

I. Introduction

Substances, particularly pollutants, are materials or agents that contaminate the environment, leading
to adverse effects on ecosystems, human health, and the planet's overall well-being. These pollutants
can take various forms, including chemicals, particulate matter, biological agents, and even energy
sources like noise or heat. They originate from natural processes, such as volcanic eruptions, or
human activities, including industrial emissions, agricultural runoff, and vehicular exhaust. Pollutants
are often categorized based on their environmental impact, such as air pollutants (carbon monoxide,
sulfur dioxide), water pollutants (heavy metals, pesticides), and soil pollutants (plastics, industrial
waste). Understanding the nature, sources, and effects of these substances is critical for developing

strategies to mitigate their impact and promote sustainable practices for a healthier environment.

I1. Definitions of pollution
Pollution is the total release of toxic compounds by man into the receiving environment (continental,
oceanic and atmospheric). Some of the substances released are of natural origin, but present a danger

to organisms and disrupt the general balance of the environment.

I11. Pollutant origins and main components

the three main causes of pollution are deeply intertwined with human activities and industrial
progress, each contributing significantly to environmental degradation:

1. Production and consumption of fossil fuels

The burning of fossil fuels such as coal, oil, and natural gas for energy production, transportation,
and industrial processes is a major source of pollution. This releases large quantities of greenhouse
gases (carbon dioxide, methane) and toxic pollutants ( sulfur dioxide, nitrogen oxides) into the
atmosphere. These emissions contribute to air pollution, global warming, and acid rain, while also
posing serious health risks to humans and wildlife.

2. Activities of the various chemical industries

Chemical industries produce a wide range of synthetic compounds used in manufacturing,
pharmaceuticals, plastics, and other products. However, these processes often release hazardous
chemicals, heavy metals, and toxic waste into the air, water, and soil. Improper disposal of industrial
waste and accidental spills further exacerbate pollution, contaminating ecosystems and threatening
biodiversity. Persistent organic pollutants (POPs) and non-biodegradable materials, such as plastics,

are particularly harmful, as they accumulate in the environment and food chain.
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3. Agricultural activities (fertilizers and pesticides)

Modern agricultural practices rely heavily on chemical fertilizers, pesticides, and herbicides to boost
crop yields and control pests. However, the excessive use of these chemicals leads to soil degradation,
water contamination, and the disruption of aquatic ecosystems. Runoff from agricultural fields carries
nitrates, phosphates, and toxic pesticides into rivers, lakes, and oceans, causing eutrophication and
harming aquatic life. Additionally, agricultural activities contribute to air pollution through the

release of ammonia and methane, further impacting the environment.

These three causes highlight the interconnectedness of human activities and their cumulative impact
on the environment. Addressing these sources of pollution requires sustainable practices,
technological innovation, and global cooperation to minimize harm and protect the planet for future

generations.

V. Different types of pollutants
Environmental pollutants come in various forms and have diverse impacts on ecosystems and human
health. Here is a classification of the main types of pollutants:
1. Regulated Pollutants
These pollutants are strictly controlled by laws and international standards due to their toxicity and
environmental impact. They include substances such as:
< Nitrogen oxides (NOx): Emitted by vehicles and industries, they contribute to smog and acid
rain.
< Sulfur dioxide (SO2): Produced by the combustion of fossil fuels, it is responsible for acid
rain and respiratory problems.
< Carbon monoxide (CO): A toxic gas produced by incomplete fuel combustion.
< Ozone (Os): A secondary pollutant formed by the reaction of NOx and volatile organic
compounds (VOCs) under sunlight.
2. Organic Compounds
These pollutants are primarily composed of carbon and can be of natural or synthetic origin. They
include:
< Volatile organic compounds (VOCs): Such as benzene and formaldehyde, emitted by paints,
solvents, and industrial chemicals.
< Polycyclic aromatic hydrocarbons (PAHSs): Produced by incomplete combustion of organic

materials, they are carcinogenic.

e

o

Pesticides and herbicides: Used in agriculture, they contaminate soils and water.
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3. Heavy Metals
These toxic elements persist in the environment, accumulate in living organisms, and cause harmful
health effects. Examples include:

< Lead (Pb): Found in batteries, old paints, and fuels, it affects the nervous system.

< Mercury (Hg): Released by thermal power plants and mining activities, it contaminates

aquatic ecosystems.

< Cadmium (Cd): Used in batteries and fertilizers, it is toxic to the kidneys and bones.
4. Particulate Matter
Airborne particles, classified by size (PM10, PM2.5), originate from combustion, industrial activities,
and vehicles. They penetrate deep into the lungs and cause respiratory and cardiovascular diseases.
5. Chlorofluorocarbons (CFCs)
These chemical compounds, once widely used in refrigerants and aerosols, are responsible for the
destruction of the stratospheric ozone layer. Although their use is now regulated by the Montreal
Protocol, their impact persists due to their long atmospheric lifetime.

V. The effects of various substances on the environment

The effects of different substances on the environment are diverse and often interconnected:

1. Greenhouse effect and climate change

The increasing greenhouse effect:

Let's start by defining and presenting the greenhouse effect. It is a natural effect, originally beneficial
to human life because it allowed water to remain in a liquid state and minimized the risk of glaciation.
These are the trace gases in the atmosphere (water vapor, CO., methane, Sulphur compounds and
nitrogen compounds). The increase in the concentration of greenhouse gases (GHG) in the
atmosphere, due to human activity, leads to the presence of the additional greenhouse effect.

To assess the rapid growth of (GHGS), we need only look at the current growth of the elements that
make them up (Table 2):

Table 2. Evolution of pollutants over time

Unit CO: Methane Nitrous Oxide
ppmv'® ppbv ppbv"!
Before 400,000 years 200 - 280 400 - 700 270

2004 380 1500 310

Dr. Mohammed Iliasse BOULIFA - University of EL-OUED - Fac. Technology - Depart. Mechanical eng
47



Environment and sustainable development Chapter 4: substances (pollutants)

Notes:

< ppmv: Parts per million by volume.

< ppbv: Parts per billion by volume.
The additional greenhouse effect results in global warming. Since 1990, the global temperature has
risen from 0.3°C to 0.7°C in 20 years. The Intergovernmental Panel on Climate Change (IPCC)
predicts an average global temperature rise of between 1.4 and 5.8°C. This increase is not uniform;
on the contrary, extreme events (storms, drought, cold snaps, etc.) will occur. The water cycle will be
altered, leading to increased drought in some areas.
They predict certain imbalances if temperatures rise by 2.5° by the end of the 21% century:

*

¢+ 65cm average rise in sea levels (flooding and disappearance of certain coastal areas)

X/

¢+ 50% melting of the world's glaciers
¢+ Changes in river flows and lake levels
« General rise in temperatures and precipitation, favoring the development of diseases and
parasites
< Substances involved: Carbon dioxide (CO:), methane (CHa), nitrous oxide (N20),
chlorofluorocarbons (CFCs).
< Effects:
e These gases trap heat in the atmosphere, enhancing the natural greenhouse effect.
e This leads to global temperature rise, changes in weather patterns, melting polar ice,
and rising sea levels.
e Consequences include extreme weather events (droughts, floods, hurricanes) and
disruption of ecosystems.
2. Destruction of the Ozone Layer (Weakening of the stratospheric ozone layer)
Almost 90% of the ozone layer is found in the stratosphere, between 15 and 40km above sea level.
Ozone is an oxygen derivative that plays an important role in the biosphere by absorbing part of the
sun's ultra-violet radiation and eliminating the short wavelengths between 240 and 300 nanometers.
These rays and waves are recognized as the source of carcinogenic and mutagenic diseases, capable
of destroying living cells. In 1985, an ozone hole larger than the United States was discovered above
the South Pole. The first to be blamed for this hole were CFCs (Chlorofluorocarbons), a gas widely
used in industry before 1987, now replaced by the less harmful HCFCs. China continues to produce
CFCs. This hole has an effect on materials and ecosystems: forests, water reserves, etc.

< Substances involved: Chlorofluorocarbons (CFCs), halons, methyl bromide.
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< Effects:

e These substances release chlorine and bromine into the stratosphere, which destroy
ozone molecules (O3).

e The ozone layer protects Earth from harmful ultraviolet (UV) radiation. Its destruction
increases UV radiation reaching the surface, causing skin cancer, eye damage, and
disruption of aquatic and terrestrial ecosystems.

3. Acidification, Eutrophication, and Photochemistry
These are three interconnected environmental processes caused by the release of certain pollutants
into the atmosphere, water, and soil. Each process has distinct mechanisms and impacts on
ecosystems and human health.
< Substances involved: Sulfur dioxide (SO2), nitrogen oxides (NOx), ammonia (NHs), volatile
organic compounds (VOCs).
< Effects:

e Acidification: Emissions of SO2 and NOy transform into sulfuric and nitric acids in the
atmosphere, falling as acid rain. This acidifies soils and waters, damaging forests,
crops, and aquatic ecosystems.

e Eutrophication: Excess nutrients (nitrogen and phosphorus) in water bodies cause
algal blooms, reducing oxygen levels and leading to dead zones in aquatic ecosystems.

e Photochemistry: VOCs and NOx react under sunlight to form ground-level ozone and
other secondary pollutants, contributing to smog and air pollution.

4. Acid Rain
Acid rain is a form of precipitation (rain, snow, fog, or dry deposition) that contains higher-than-
normal levels of acidic components, primarily sulfuric acid (H2SO4) and nitric acid (HNO3). It is a
significant environmental issue caused by the release of certain pollutants into the atmosphere.
< Substances involved: Sulfur dioxide (SO2), nitrogen oxides (NOx).

< Effects:

e Acid rain damages terrestrial and aquatic ecosystems by acidifying soils and waters.

o It affects forest health, plant growth, and the survival of aquatic species.

e It also corrodes buildings, monuments, and infrastructure.

V1. Ozone Peaks
Ozone peaks, also known as ozone pollution episodes, occur when ground-level ozone (tropospheric

ozone) concentrations exceed recommended thresholds for health and environmental safety. Unlike
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stratospheric ozone, which protects the Earth from harmful ultraviolet rays, ground-level ozone is a
harmful secondary pollutant.
1. Causes of Ozone Peaks
¢ Primary Pollutants:
e Nitrogen Oxides (NOy): Emitted by vehicles, power plants, and industries.
e Volatile Organic Compounds (VOCs): Released from vehicle exhaust, industrial
solvents, paints, and chemicals.
% Weather Conditions:
e Ozone peaks are more common in summer, as heat and sunlight promote chemical
reactions between NOy and VOC:s.
e Hot, sunny, and windless weather increases the formation of ground-level ozone.
% Photochemical Reactions:
e Under sunlight, NOx and VOCs react to form ozone (Os) and other secondary
pollutants.
2. Effects of Ozone Peaks
% Impacts on Human Health
o Respiratory Problems: Ozone irritates the airways, causing coughing, shortness of
breath, and asthma attacks.
« Eye and Throat Irritation: High ozone levels can cause eye irritation and a burning
sensation in the throat.
o Worsening of Lung Diseases: People with chronic conditions (e.g., asthma,
bronchitis) are particularly vulnerable.
e Reduced Lung Function: Prolonged exposure can damage the lungs and reduce their
capacity.
¢ Environmental Impacts
o Damage to Vegetation: Ozone damages plant leaves, reducing their ability to
photosynthesize and grow.
o Agricultural Losses: Crops such as wheat, soybeans, and corn are sensitive to ozone,
leading to reduced yields.
« Forest Ecosystems: Forests exposed to high ozone levels show signs of decline.
%+ Economic Impacts
e Healthcare Costs: Hospitalizations and medical treatments related to ozone pollution

represent a significant economic burden.
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e Agricultural Losses: Reduced crop yields affect farmers' incomes and food prices.

VIl. Effects of Pollution on Materials, Ecosystems

Man, through his biological functions, discharges organic waste that is eliminated in the receiving

environment. This more or less natural waste can be toxic in the case of large populations and a lack

of appropriate treatment. Industrial activities are much more polluting, due to the consumption and

production of chemicals. Discharged waste is increasingly toxic, and its storage in the receiving

environment is harmful to both the environment and human health.
¢+ A case in point is the cyanide spill in the Hungarian river Tiszla and then in the Danube over
hundreds of kilometers in March 2000.

« Another example is the leak of methyl isocyanate from a factory in Bhopal, India. This
accident killed 3,500 people and injured several hundred thousand.

¢+ Another example of the harmful effects of chemicals, but this time over the long term (more
than three decades), is the release of mercury from a plant in Minamata, Japan, which caused
the death and neurological illness of thousands of people (1960).

«+ Another example is Persistent Organic Pollutants (POPs), which are generally linked to the
phenomenon of bioconcentration. These substances generally bind to the fat of animal tissues.

Pollution has far-reaching consequences on materials, ecosystems. Below is a detailed breakdown
of these effects:

1. Effects on Materials

Pollutants can cause significant damage to buildings, monuments, and infrastructure. Key impacts
include:

<% Corrosion:

e Acid Rain: Sulfur dioxide (SO:) and nitrogen oxides (NOx) react with moisture to
form acids that corrode metals, stone, and concrete.

e Examples: Rusting of steel structures, deterioration of bridges, and damage to
vehicles.

< Degradation of Building Materials:

e Limestone and Marble: Acid rain dissolves calcium carbonate in these materials,
leading to erosion and loss of detail in statues and monuments.

e Paints and Coatings: Ozone and other pollutants cause paints to fade and degrade
more quickly.

<% Economic Costs:
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e The degradation of materials leads to increased maintenance and repair costs for
infrastructure, historical monuments, and buildings.

2. Effects on Ecosystems
a. Forests
< Acid Rain:

e Leaches essential nutrients (calcium, magnesium) from the soil, reducing soil
fertility.

o Releases toxic metals like aluminum, which damage tree roots and reduce their
ability to absorb water and nutrients.

e Causes forest decline, characterized by stunted growth, dead tree tops, and reduced
biodiversity.

< Ozone Pollution:
e Damages plant leaves, reducing photosynthesis and growth.
e Makes trees more susceptible to diseases, pests, and extreme weather conditions.
b. Freshwater Reserves
< Acidification:

e Lowers the pH of lakes, rivers, and streams, harming aquatic life such as fish,
amphibians, and invertebrates.

e Releases aluminum from soils, which is toxic to aquatic organisms.
< Eutrophication:

e Excess nutrients (nitrogen and phosphorus) from agricultural runoff and sewage
cause algal blooms.

e When algae decompose, oxygen levels in the water drop, creating dead zones where
aquatic life cannot survive.

< Biodiversity Loss:

Sensitive species are often the first to disappear, leading to a loss of biodiversity and
disruption of aquatic ecosystems.

VIIl. Effects of Pollution on Health

The first environmental concerns relate to damage to human health, far more than to the destruction
of environments or the reduction of biodiversity. Significant morbidity (factory smoke, tannery

emissions, etc., generated by certain production processes appeared even before the industrial
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revolution. Similarly, city waste and sewage were soon identified as a source of disease. Thanks to
medical progress, human health has greatly improved and life expectancy has increased. It has to be
said, however, that a number of infectious diseases have emerged, as has the spread of cancer in its
various forms. Industrial activity, the emission of toxic gases and liquid and solid wastes into the
environment explain the appearance of several diseases and cancers. Medical research has made it
possible to overcome some of these diseases, and to reduce the effects of others, but it remains unable
to resolve other, more complicated cases. The most significant effect of pollution on human health is

the appearance of many forms of chronic allergy.

1. Respiratory and Cardiovascular Issues
< Air Pollution:
e Particulate matter (PM..s and PMio) and ground-level ozone (Os) irritate the
respiratory system, causing asthma, bronchitis, and other lung diseases.
e Long-term exposure increases the risk of heart attacks, strokes, and lung cancer.
< Indoor Air Pollution:
o Pollutants like carbon monoxide (CO) and volatile organic compounds (VOCs) from
household products can cause headaches, dizziness, and respiratory problems.
2. Waterborne Diseases
< Contaminated Water:
Pollution of freshwater reserves with chemicals, heavy metals, or pathogens can lead to
waterborne diseases such as cholera, dysentery, and hepatitis.
3. Exposure to Toxic Substances
< Heavy Metals:
Lead, mercury, and cadmium accumulate in the body, causing neurological damage,
kidney failure, and developmental issues in children.
< Pesticides and Chemicals:
Long-term exposure to agricultural chemicals can lead to cancer, reproductive issues, and
immune system disorders.
4. Vulnerable Populations
< Children, the elderly, and individuals with pre-existing health conditions are more susceptible
to the harmful effects of pollution.
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IX. Different Types of Environmental Emitters
In the context of the environment, emitters refer to sources of pollution or devices that release harmful
substances into the air, water, or soil. These emitters can be natural or anthropogenic (human-caused).
Below is a classification of the different types of environmental emitters:
1. Atmospheric Emitters
These emitters release pollutants into the air, contributing to air pollution and issues such as smog,
acid rain, and climate change.
< Natural Sources:
e Volcanoes: Emissions of sulfur dioxide (SO:), ash, and particulate matter.
e Wildfires: Release of carbon monoxide (CO), fine particulate matter (PM..s), and
hydrocarbons.
e Ocean Degassing: Emissions of volatile organic compounds (VOCs).
< Anthropogenic Sources:
e Industries: Power plants (SO2, NOx), chemical factories (VOCs, heavy metals).
e Transportation: Vehicles (CO, NOx, particulate matter).
e Agriculture: Emissions of ammonia (NHs) and methane (CH4) from livestock and
fertilizers.
¢ Residential Heating: Combustion of wood and coal (particulate matter, CO).
2. Aquatic Emitters
These emitters discharge pollutants into surface waters (rivers, lakes) and groundwater.
< Natural Sources:
e Mineral Infiltration: Natural release of heavy metals like arsenic or mercury.
e Organic Decomposition: Release of nutrients (nitrogen, phosphorus) into water
bodies.
< Anthropogenic Sources:
e Domestic Wastewater: Discharge of phosphates, nitrates, and chemicals.
¢ Industries: Release of heavy metals, hydrocarbons, and toxic chemicals.
e Agriculture: Runoff of fertilizers (nitrates, phosphates) and pesticides.
e Landfills: Leachate (polluted liquids) infiltration into groundwater.
3. Terrestrial Emitters
These emitters contaminate soils, affecting agricultural land quality and terrestrial ecosystems.
< Natural Sources:

e FErosion: Release of sediments and minerals into soils.
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e Volcanic Activity: Deposition of ash and heavy metals.
< Anthropogenic Sources:

e Agriculture: Excessive use of fertilizers and pesticides.
e Industries: Dumping of chemical waste and heavy metals.
e Landfills: Accumulation of non-biodegradable waste (plastics, chemicals).

e Mining Activities: Release of heavy metals and toxic substances into soils.
4. Noise Emitters (Noise Pollution)

These emitters produce excessive noise levels, affecting human health and wildlife.
< Natural Sources:

e Thunderstorms: Noise from thunder.

e Waves and Wind: Natural noise in coastal environments.
< Anthropogenic Sources:

e Transportation: Airplanes, trains, cars, and trucks.

e Industries: Heavy machinery and industrial equipment.

e Urban Activities: Concerts, construction sites.
5. Radiation Emitters

These emitters release ionizing or non-ionizing radiation, which can affect health and the environment.
< Natural Sources:

e Cosmic Radiation: From space.

e Radon Gas: Emitted by the decay of uranium in the soil.
< Anthropogenic Sources:

e Nuclear Power Plants: Release of ionizing radiation.
e Medical Devices: X-rays and scanners.

e Telecommunications: Antennas and devices emitting electromagnetic waves.
6. Waste Emitters

These emitters generate solid, liquid, or gaseous waste that pollutes the environment.
< Natural Sources:

Organic Decomposition: Production of methane (CH4) in swamps.

< Anthropogenic Sources:
e Households: Non-recycled household waste.

e Industries: Chemical, plastic, and electronic waste.
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e Hospitals: Hazardous biomedical waste.

X. The CORINAIR Nomenclature

The CORINAIR Nomenclature (CORe INventory AIR) is a classification system used to inventory
atmospheric pollutant emissions in Europe. It categorizes emission sources into sectors and
subsectors to facilitate data collection and analysis.

1. Main Sectors of the CORINAIR Nomenclature:

R

«» Stationary combustion: Power plants, residential heating.

D
L X4

Mobile combustion: Road, air, and maritime transport.
< Industrial processes: Cement production, metallurgy, chemical industry.
+« Solventu: Paints, cleaning products.
% Agriculture: Emissions of methane and nitrous oxide.
« Waste: Incineration, landfills.
2. Objectives:
< Provide a standardized basis for monitoring and reducing pollutant emissions.

< Support environmental policies and international agreements (example: Kyoto Protocol).
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Chapter 5: Environmental preservation
I. Introduction

In an era defined by rapid industrialization, urbanization, and technological advancement, the health
of our planet has become a pressing global concern. Environmental preservation is no longer a choice
but a necessity, as the delicate balance of ecosystems continues to be disrupted by human activities.
From deforestation and pollution to climate change and biodiversity loss, the challenges we face are
immense and interconnected. Preserving the environment is not just about protecting nature for its
own sake; it is about safeguarding the resources and systems that sustain all life on Earth.

The previous chapters have shown the “destructive” role played by man in modifying his
environment, and the need to act quickly, effectively and sustainably to preserve it. Man's action will
be long-term and global, affecting all economic sectors and all household activities.

This chapter explores the critical importance of environmental preservation, highlighting its role in
ensuring a sustainable future for generations to come. By understanding and addressing the root
causes of environmental degradation, we can take meaningful steps toward healing our planet and

fostering a harmonious relationship between humanity and the natural world.

I1. Different methods of environmental preservation

In Industry, in recent years, the price of certain raw materials has risen unevenly. Examples include
the price of oil, iron, copper and aluminum. The industry depends on producer speculation and global
demand. There are several possible courses of action:

1. Introducing new materials

One of the most promising avenues in environmental preservation is the development and adoption
of innovative materials that minimize ecological harm. Traditional materials, such as plastics and
non-renewable metals, have long been associated with environmental degradation due to their
resource-intensive production, non-biodegradability, and contribution to pollution. However, the
introduction of new materials lighter and biodegradable offers a transformative solution to these
challenges.

¢ Lighter materials

The use of lighter materials, such as advanced composites, aluminum alloys, and high-strength
polymers, is revolutionizing industries like automotive, aerospace, and construction. These materials
reduce the overall weight of products, leading to significant energy savings during transportation and
operation. For example, lighter vehicles consume less fuel, thereby lowering greenhouse gas
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emissions. Additionally, the production of lightweight materials often requires fewer raw resources,
further reducing their environmental footprint. By prioritizing lighter materials, industries can
achieve a balance between performance and sustainability.

+¢ biodegradable materials

Biodegradable materials, such as plant-based plastics, mycelium packaging, and natural fibers, are
designed to break down naturally without leaving harmful residues in the environment. Unlike
conventional plastics, which can persist for hundreds of years, biodegradable alternatives decompose
within a shorter timeframe, reducing the burden on landfills and ecosystems. For instance, packaging
made from cornstarch or sugarcane can replace single-use plastics, offering a sustainable solution to
the global waste crisis. These materials not only address the issue of pollution but also promote a

circular economy, where waste is minimized, and resources are reused.

2. Reserving Oil for Noble Uses: A Sustainable Approach to Resource Management

Oil has long been the lifeblood of modern industrialization, powering economies and enabling
technological advancements. However, its widespread use as a fuel has led to significant
environmental challenges, including air pollution, greenhouse gas emissions, and resource depletion.
To address these issues, a paradigm shift is needed: reserving oil for noble uses—applications where
its unique properties are indispensable—while transitioning away from its use as a primary energy
source. This approach not only maximizes the value of this finite resource but also aligns with global

sustainability goals.

+* Noble Uses of Oil:
Oil is a versatile raw material that plays a critical role in producing essential products that improve
our quality of life. These include:
o Fertilizers: Oil-derived chemicals are key components in synthetic fertilizers, which are
vital for global food production.
e Solvents: Many industrial and pharmaceutical processes rely on oil-based solvents for
their effectiveness.
e Plastics: While single-use plastics are a concern, durable plastics are essential in
healthcare, construction, and technology.
e Nylon and Resins: These materials are used in textiles, automotive parts, and electronics,
offering durability and versatility.
e Lubricants: Oil-based lubricants are crucial for reducing friction and wear in machinery,

extending the lifespan of equipment.
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By reserving oil for these high-value applications, we can reduce waste and ensure that this precious
resource is used where alternatives are scarce or less effective

+¢+ Transitioning to Oil-Free Cars:

One of the most impactful steps toward preserving oil for noble uses is the widespread adoption of
oil-free vehicles. Electric vehicles (EVs), powered by renewable energy sources, are at the forefront
of this transition. Advances in battery technology, charging infrastructure, and renewable energy
integration are making EVs increasingly accessible and practical. Additionally, hydrogen fuel cells
and biofuels offer promising alternatives for sectors where electrification is challenging, such as
aviation and shipping. By reducing our reliance on oil for transportation, we can significantly cut
carbon emissions and free up oil reserves for more critical applications.

++ The Path Forward:

Reserving oil for noble uses requires a concerted effort from governments, industries, and consumers.
Policies that incentivize renewable energy adoption, support research into sustainable alternatives,
and promote circular economy practices are essential. Industries must innovate to develop bio-based
and recyclable materials that can replace oil-derived products where possible. Consumers, too, play
a role by choosing sustainable products and supporting clean energy initiatives.

3. Improved Energy Efficiency:

Energy efficiency is a cornerstone of environmental preservation and sustainable development. By
optimizing how we use energy, we can reduce fuel consumption, lower greenhouse gas emissions,
and decrease our reliance on finite resources. Improved energy efficiency spans various sectors, from
transportation and industry to everyday activities, and offers practical solutions to some of the most
pressing environmental challenges. Here’s how we can achieve greater energy efficiency:

¢+ Less Fuel Consumption in Transportation:

e Promoting Active Mobility: Encouraging the use of bicycles, e-bikes, and walking in
urban areas can significantly reduce fuel consumption and traffic congestion. Cities can
invest in bike lanes, bike-sharing programs, and pedestrian-friendly infrastructure to make
active mobility safer and more accessible.

e Public Transit Optimization: Expanding and improving public transportation systems,
such as buses, trams, and trains, can reduce the number of private vehicles on the road,
leading to lower fuel use and emissions.

e Electric and Hybrid Vehicles: Transitioning to electric vehicles (EVs) and hybrids, which
are more energy-efficient than traditional internal combustion engines, can drastically cut

fuel consumption and pollution.
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+ Industrial Equipment Requiring Less Fuel:

e Modernizing Machinery: Upgrading industrial equipment to newer, more energy-efficient
models can reduce fuel consumption and operational costs. For example, high-efficiency
motors, boilers, and compressors can perform the same tasks using less energy.

e Smart Manufacturing: Implementing smart technologies, such as loT-enabled sensors and
automation, can optimize energy use in industrial processes, minimizing waste and
improving productivity.

e Renewable Energy Integration: Industries can transition to renewable energy sources,
such as solar or wind power, to reduce their reliance on fossil fuels and lower their carbon
footprint.

% Minimizing Traffic and Streamlining Daily Activities:

¢ Digital Solutions for Communication: Using computerized means to circulate mail, pay
bills, and conduct meetings (e.g., email, video conferencing, and online platforms) can
reduce the need for physical travel, saving fuel and time.

e Smart Traffic Management: Implementing intelligent traffic systems that use real-time
data to optimize traffic flow can reduce congestion, idling, and fuel consumption in urban
areas.

e Remote Work and Telecommuting: Encouraging remote work policies can decrease the

number of commuters on the road, leading to lower fuel use and reduced emissions.

¢ Energy-Efficient Buildings and Homes:

 Insulation and Retrofitting: Improving insulation and retrofitting older buildings with
energy-efficient windows, lighting, and appliances can significantly reduce energy
consumption.

o Smart Home Technologies: Using smart thermostats, energy-efficient appliances, and
automated systems can optimize energy use in households, lowering both costs and
environmental impact.

% Policy and Behavioral Changes:

o Government Incentives: Policies that promote energy efficiency, such as tax credits for

energy-efficient appliances or subsidies for renewable energy installations, can accelerate

adoption.
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e Public Awareness Campaigns: Educating individuals and businesses about the benefits of
energy efficiency and providing practical tips can drive behavioral changes that contribute
to sustainability.

4. Recycling: Transforming Waste into Resources for a Sustainable Future

Recycling is a cornerstone of sustainable development, offering a practical solution to reduce waste,
conserve resources, and minimize environmental impact. By reusing materials and transforming
waste into valuable resources, recycling helps close the loop in production cycles, reducing the need
for virgin materials and lowering energy consumption. This approach is particularly impactful in
industrial settings, where waste from one process can become raw material for another, and internal
recycling practices can optimize resource use :

¢ Inter-Industry Recycling: Waste as Raw Material

« Synergy Between Industries: Waste generated by one industry can often serve as a valuable
input for another. For example:

+ Fly Ash from Power Plants: This byproduct of coal combustion can be used in the
construction industry to produce cement and concrete, reducing the need for raw
materials and lowering carbon emissions.

+ Plastic Waste: Post-consumer plastics can be recycled into fibers for textiles,
packaging materials, or even 3D printing filaments.

+ Metal Scrap: Scrap metal from manufacturing processes can be melted down and
reused in the production of new metal products, saving energy compared to mining
and refining virgin ore.

« Industrial Symbiosis: This concept involves creating networks where industries exchange
byproducts, turning waste into resources. For instance, a chemical plant’s waste heat can be
used to power nearby facilities, reducing overall energy demand.

+¢ Internal Recycling Within Companies

o Closed-Loop Systems: Many industries are adopting internal recycling practices to minimize
waste and maximize resource efficiency. Examples include:

+ Water Recycling: Treated wastewater can be reintroduced into production lines for
non-potable uses, such as cooling water, cleaning, or irrigation. This reduces
freshwater consumption and lowers wastewater discharge.

+ Material Reuse: Scrap materials generated during manufacturing, such as metal
shavings or plastic offcuts, can be collected, processed, and reused in the same

production cycle.
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+ Cartridge and Container Refills: Companies can design products with refillable
components, such as printer cartridges or packaging, to reduce waste and encourage

reuse.

Energy Recovery: Waste heat generated during industrial processes can be captured and reused

to power other operations, improving overall energy efficiency.

Benefits of Recycling in Industries

Resource Conservation: Recycling reduces the demand for virgin materials, preserving
natural resources like timber, minerals, and fossil fuels.

Energy Savings: Recycling often requires less energy than producing new materials from
scratch. For example, recycling aluminum saves up to 95% of the energy needed to produce
it from raw ore.

Waste Reduction: By diverting waste from landfills and incinerators, recycling helps reduce
pollution and greenhouse gas emissions.

Cost Efficiency: Recycling can lower production costs by reducing the need for raw materials
and waste disposal.

Environmental Protection: Recycling minimizes the environmental impact of resource

extraction, such as deforestation, habitat destruction, and water pollution.

5. Product Rental: A Sustainable Model for Resource Efficiency

Product rental is an innovative and sustainable business model that challenges the traditional "buy-

and-dispose™ approach to consumption. By renting products for the duration of their use, this model

promotes resource efficiency, reduces waste, and extends the lifespan of goods. It is particularly

effective for high-value or infrequently used items, such as cars, bicycles, tools, and electronics.

Here’s how product rental contributes to sustainability and why it is gaining traction as a key

component of the circular economy:

% How product rental works

Temporary Access Over Ownership: Instead of purchasing a product outright, consumers rent
it for a specific period, paying only for the time they use it.

Shared Utilization: Products are circulated among multiple users, maximizing their utility and
reducing the need for individual ownership.

Maintenance and Upkeep: Rental companies are responsible for maintaining and repairing

products, ensuring they remain in good condition for longer.
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+¢ Benefits of Product Rental

e Reduced Production Quantities: By sharing products among multiple users, fewer items need
to be manufactured, conserving raw materials and energy.

o Lower Production Costs: With reduced demand for new products, manufacturers can focus
on quality and durability rather than mass production.

« Extended Product Lifespan: Regular maintenance and repairs by rental companies ensure that
products remain functional for longer, reducing waste.

o Cost Savings for Consumers: Renting eliminates the upfront cost of purchasing and the long-
term expenses of maintenance, storage, and disposal.

e Environmental Impact: Fewer products produced means less resource extraction, lower
emissions, and reduced waste generation.

¢ Examples of Product Rental in Action

o Car Rental and Car-Sharing: Services allow users to rent vehicles for short periods, reducing
the need for private car ownership and decreasing traffic congestion and emissions.

« Bicycle and Scooter Rentals: Bike-sharing programs in cities, provide affordable and eco-
friendly transportation options.

o Tool and Equipment Rental: Companies offer tools and machinery for temporary use, catering
to enthusiasts and professionals alike.

« Fashion Rental: Platforms allow users to rent high-end clothing and accessories, reducing the
environmental impact of fast fashion.

« Electronics Rental: Services offering laptops, cameras, and other gadgets for short-term use

help reduce e-waste and promote access to technology.

I11. The economic, legal and regulatory mechanisms to preserve the environment

Economic analysis can support political authorities in their choices by proposing new instruments.
The instruments of public intervention in environmental matters fall into two main categories:
regulatory instruments (which set standards for technical processes or volumes of polluting
emissions) and so-called economic instruments (mainly eco-taxes and emissions permit markets, but
also tax credits and subsidies).

Preserving the environment requires a multifaceted approach that combines economic incentives,
legal frameworks, and regulatory measures. These mechanisms work together to encourage
sustainable practices, discourage harmful activities, and ensure compliance with environmental

standards:
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1. Economic Mechanisms
Economic instruments are designed to align financial incentives with environmental goals,
encouraging businesses and individuals to adopt sustainable practices. Key mechanisms include:

< Carbon Pricing:

e Carbon Tax: A direct tax on greenhouse gas emissions, incentivizing companies to
reduce their carbon footprint.

e Cap-and-Trade: A system where companies are allocated emission allowances, which
they can trade with others, creating a market-driven approach to reducing emissions.

< Subsidies and Incentives:

e Governments can provide financial support for renewable energy projects, energy-
efficient technologies, and sustainable agriculture.

e Tax breaks or grants for businesses and individuals adopting eco-friendly practices,
such as electric vehicle purchases or solar panel installations.

< Green Bonds and Investments:

¢ Financial instruments that fund environmentally beneficial projects, such as renewable
energy infrastructure or reforestation initiatives.

e Encouraging private and public investment in sustainable development.

< Polluter Pays Principle:

e Ensuring that those who produce pollution bear the costs of managing it, such as
through waste disposal fees or environmental cleanup charges.

< Payment for Ecosystem Services (PES):

e Compensating landowners or communities for maintaining ecosystems that provide
valuable services, such as clean water, carbon sequestration, or biodiversity
conservation.

2. Legal Mechanisms
Legal frameworks establish the rules and standards necessary to protect the environment and hold
violators accountable. Key mechanisms include:
< Environmental Laws and Regulations:

e Legislation that sets limits on pollution, protects natural habitats, and regulates
resource extraction. Examples include the Clean Air Act, Clean Water Act, and
Endangered Species Act.

e Laws mandating environmental impact assessments (EIAs) for new projects to

evaluate potential harm and propose mitigation measures.
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< International Agreements:
e Global treaties like the Paris Agreement, which aims to limit global warming, and the
Convention on Biological Diversity, which promotes the conservation of ecosystems.
e Regional agreements, such as the European Union’s Green Deal, which sets ambitious
targets for carbon neutrality and sustainability.
< Corporate Accountability:
e Laws requiring companies to disclose their environmental impact and adopt
sustainable practices.
e Legal frameworks for holding corporations liable for environmental damage, such as
oil spills or deforestation.
< Rights of Nature:
e Recognizing ecosystems and natural entities as having legal rights, enabling them to
be protected through legal action.
3. Regulatory Mechanisms
Regulatory measures involve the enforcement of environmental standards and the monitoring
of compliance. Key mechanisms include:
< Environmental Standards:
e Setting limits on pollutants, such as emissions from vehicles or industrial facilities, to
ensure air and water quality.
e Establishing guidelines for sustainable land use, waste management, and resource
conservation.
< Permitting and Licensing:
e Requiring businesses to obtain permits for activities that impact the environment, such
as logging, mining, or discharging wastewater.
e Ensuring compliance with environmental standards before granting permits.
< Monitoring and Enforcement:
e Regular inspections and audits to ensure compliance with environmental laws and
regulations.
e Imposing penalties, fines, or sanctions on violators to deter non-compliance.
< Zoning and Land-Use Planning:
o Designating areas for conservation, agriculture, or development to balance economic
growth with environmental protection.

e Protecting critical habitats, wetlands, and forests from unsustainable development.
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< Extended Producer Responsibility (EPR):
e Requiring manufacturers to take responsibility for the entire lifecycle of their products,
including disposal and recycling.
e Encouraging the design of products that are easier to recycle or repair.
4. Integrated Approaches
To maximize effectiveness, economic, legal, and regulatory mechanisms should be integrated and

supported by:

>

» Public Awareness and Education:

*,

*

Informing citizens and businesses about the importance of environmental preservation and

the benefits of sustainable practices.

¢

» Stakeholder Collaboration:

.0

Engaging governments, businesses, communities, and NGOs in developing and

implementing environmental policies.

7
0.0

Technology and Innovation:
Leveraging advancements in technology, such as remote sensing, Al, and blockchain, to

monitor environmental impacts and enforce regulations.

X3

*

Adaptive Management:
Continuously evaluating and adjusting policies based on scientific data and changing

environmental conditions.

IV. The role of public authorities in solving environmental problems

Let's start by defining the notion of externality:

An externality is the consequence of an economic agent's action on other agents, without this action
being taken into account by the market, in the form of compensation or remuneration through the
price system. It can be positive when it improves the well-being of another agent, or negative when
it reduces the well-being of other agents.

To reach an optimal (pareto-optimal) situation, corresponding to maximum total (or collective)
wealth, the external cost of pollution must be considered by the market, in this case by the polluter.
This action corresponds to the internalization of externalities. Internalization consists in making
economic agents bear the full costs of their actions. One way of achieving this is to tax polluters.
Assessing the social cost of damage, which includes evaluating the level of pollution clean-up, as

well as evaluating the responsiveness of behavior to costs, is a difficult task. Be that as it may, the tax
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IS, iIn most cases, considered more effective (more effective because less costly than the emission
standard).
This is because, unlike emission standards, taxes (per unit of pollution) give the regulated company
a choice. The company is faced with two choices:
+«* maintain its emissions level. In this case, it avoids expenditure on improving its environmental
performance, but pays a high total tax. The sums thus collected can be used to finance environmental
protection expenditure.
¢+ choose to reduce polluting emissions. This entails expenditure to improve environmental
performance, but reduces tax expenditure.
Public authorities, including governments at local, national, and international levels, play a critical
role in addressing environmental problems. Their responsibilities range from creating policies and
enforcing regulations to fostering innovation and raising public awareness. As stewards of public
welfare, public authorities have the power and resources to drive systemic change and ensure
sustainable development. Their key responsibilities include:
1. Policy Development: Creating strategies for climate action, conservation, waste management,
and sustainable land use.
2. Regulation and Enforcement: Setting environmental standards, monitoring compliance, and
penalizing violations.
3. Economic Incentives: Providing subsidies, tax breaks, and funding for green technologies and
practices.
4. Public Awareness: Educating citizens and promoting sustainable behaviors through
campaigns and transparency.
5. Infrastructure Development: Building renewable energy projects, public transit, waste
systems, and green spaces.
6. International Cooperation: Participating in global agreements and collaborating on
transboundary environmental issues.
7. Crisis Management: Preparing for and responding to environmental emergencies and climate-
related disasters.

8. Equity and Justice: Ensuring fair and inclusive policies that protect vulnerable communities.
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V. The option of private solutions
Coase's “bilateral bargaining” theorem. It was first stated by Stigler. It suggests that if property rights
are defined (a private agent, be it the polluter or the polluted, is then the owner of the river, lake or
forest)
There are other private solutions:
¢ The two “run-of-the-mill” companies (the polluting and the polluted) can merge. After the merger,
the new (polluting and polluted) company will opt for a level of emissions equal to the pollution
optimum.
¢+ The tradable emissions permit market (solution developed by Dales in 1968)
The solutions for reducing pollution established in this stock market context are as follows:
administrative regulation (standard or tax), bilateral negotiation, company and the market.
Private solutions, driven by businesses, individuals, and Non-Governmental Organizations (NGOs),
play a crucial role in addressing environmental challenges. Key contributions include:
1. Corporate Sustainability: Businesses adopt green practices, innovate eco-friendly products,
and invest in environmental projects.
2. Market-Based Solutions: Carbon offsetting, eco-labeling, and green financing incentivize
sustainable choices.
3. Technological Innovations: Private-sector advancements in clean energy, waste management,
and agriculture reduce environmental impacts.
4. Community and NGO Efforts: Grassroots initiatives, advocacy, and partnerships drive local
and global conservation efforts.

5. Individual Actions: Sustainable lifestyles and support for green businesses amplify collective

V1. Current environmental policies

Based on economic instruments, today's environmental policies rely less on regulatory instruments
such as standards (which prescribe the behavior agents must follow). According to Boemare and
Hourcade, the use of standards has “perverse” effects:

+» standards entail additional costs, due to the difficulty of considering the diversity of solutions in
order to demand differentiated pollution control efforts.

%+ in some cases, standards may not guarantee a reduction in total emissions. Un exemple cité par
Vujisic (2007) est celui du « moteur plus propre ». Ce dernier est souvent plus économe, il permet

de rouler davantage pour un méme budget et affecte donc la compétitivité du rail (plus respectueux
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de I’environnement) par rapport a la route ; la solution passe par une augmentation du prix du

carburant au prorata des gains d’efficacité.

¢ Standards are negotiated between administrations and industries (“regulatory bargaining with

industry”). It is therefore difficult to know in advance whether a standard is too loose or too restrictive.

++ Standards can be manipulated. Influential players may be tempted to enact standards that suit their

interests, to the detriment of certain competitors (small businesses, foreign firms).

1. The polluter pays principle

The polluter-pays principle was developed by the liberal economist Arthur Cecil Pigou in the early

1920s. It was adopted by the Organisation for Economic Co-operation and Development (OECD) in

1972, as an economic principle designed to ensure that the polluter bears “the costs of pollution

prevention and control measures taken by public authorities to ensure that the environment is in an

acceptable state”. It is at the origin of the internalization of pollution costs by the polluters through :
¢+ regulatory instruments (standards, bans, permits, zoning, quotas, use restrictions and

other direct regulations),
¢+ economic instruments (fees, subsidies, deposit systems, market creation, compliance
incentives),

¢+ fiscal instruments. Also known as green taxation.

2. Ecological taxation: eco-taxes

Let's take a look at a well-known example: “energy taxes”. Their aim is to make polluters pay, without

directly influencing the quantity of pollution in the short term. In a purely Pigouvian logic, they are

designed to change behavior, not to raise revenue. Whatever revenues are collected, they can also be

used to protect the environment through subsidies that will help introduce “cleaner” technology or go

directly to companies that decide to reduce their polluting activities.

3. The market for tradable emission permits

+» Private negotiated solutions

Private solutions that bring polluters into direct contact with the polluted do exist, but they are not

widespread. To be fully effective, the negotiated solution must be comprehensive, involving all

present and future parties affected by the damag

+«+ The tradable emissions permit market.

Initially used in the United States, the Kyoto Protocol has given new impetus to this instrument. Since

2005, Europe has been proposing the introduction of a greenhouse gas quota trading system for

energy-intensive industries and electricity producers in the European Economic Area. This market,

initially planned for carbon dioxide (COy), is set to be extended to other gases and activities.
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Environmental policies worldwide aim to address climate change, pollution, biodiversity loss, and

resource depletion. Key initiatives include:

1.

Climate Action: The Paris Agreement, EU Green Deal, and U.S. Inflation Reduction Act focus
on reducing emissions and achieving carbon neutrality.

Renewable Energy: Targets, subsidies, and efficiency standards promote clean energy
adoption.

Pollution Control: Plastic bans, air and water quality regulations, and waste management
policies reduce pollution.

Biodiversity Conservation: Initiatives like the 30x30 goal and endangered species laws protect
ecosystems and wildlife.

Circular Economy: EPR laws, recycling mandates, and zero-waste programs minimize waste
and promote reuse.

Sustainable Agriculture: Incentives for organic farming and deforestation-free supply chains
support eco-friendly practices.

International Cooperation: Global frameworks like the SDGs and biodiversity treaties foster
collaboration.

Emerging Trends: Carbon pricing, nature-based solutions, and just transition policies are
gaining traction.

While progress is being made, stronger implementation and global cooperation are needed to

achieve a sustainable future.
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Environment and sustainable development Abstract

Abstract

The environment includes all natural and human-made elements that surround human life and
influence its development. Today, rapid population growth, industrialization, and the overexploitation
of natural resources have placed significant pressure on ecosystems. These pressures have led to
major environmental challenges such as climate change, pollution, biodiversity loss, and the depletion
of natural resources. Sustainable development has emerged as a global response to these challenges.
It aims to balance economic growth, environmental protection, and social well-being in order to meet
the needs of the present generation without compromising the ability of future generations to meet
their own needs. This course will explore current environmental issues, the principles of sustainable

development, and strategies for building a more sustainable and responsible future.

Key words: Environment, Sustainable, development,, Climate chang, Natural resources, Ecosystems.
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