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Preface

The course manual entitled "Energy and Environment” is an introductory subject designed
for second-year Bachelor’'s students in Semester 3, specializing in Electronics,
Electrotechnics, and Telecommunications. The primary goal of this course is to familiarize
students with various existing energy sources while highlighting the environmental impacts
of their use. By addressing these topics, the course aims to raise students’ awareness of

global energy and environmental challenges.

The teaching of this subject is based on prior knowledge of fundamental concepts of energy
and the environment, which are necessary to grasp the specific concepts presented in the

course.

Importance of the Topic
The study of energy and its relationship with the environment is crucial for several reasons:

1. Understanding Resources: Enables students to differentiate between various
energy sources (renewable and non-renewable) and assess their availability.

2. Awareness of Environmental Impacts: Provides an in-depth understanding of the
consequences of human activities on the environment.

3. Adoption of Sustainable Practices: Encourages critical thinking on solutions to
reduce environmental impacts, such as the use of renewable energy and storage
technologies.

4. Interdisciplinary Perspectives: Introduces connections between the technical,

social, and ecological aspects of energy.

Writing Methodology

This manual has been developed with a focus on combining theoretical approaches to
enhance concept assimilation. Each chapter is structured to offer logical progression, with
examples provided at the end of each section to reinforce learning. Explanatory diagrams
and concrete illustrations are included to make concepts more accessible and to clarify key
ideas.

Any suggestions for improvement or comments on potential errors or omissions are

welcome to ensure the highest quality of teaching materials.



Course Organization

In accordance with the official curriculum, this course is structured into eight chapters:

1.

Chapter 1: Basic Concepts of Energy Resources

Introduction to various energy resources and their classification.

Chapter 2: Energy Storage

Presentation of fundamental principles of energy storage and related technologies.
Chapter 3: Energy Consumption, Reserves, and Trends

Analysis of trends in energy consumption and resource availability.

Chapter 4: Different Types of Pollution

Exploration of forms of pollution generated by energy-related activities.
Chapter 5: Detection and Treatment of Pollutants and Waste

Study of technologies for pollutant detection, treatment, and waste management.
Chapter 6: Impact of Pollution on Health and the Environment

Assessment of the effects of pollution on ecosystems and human health.

This course offers a comprehensive and structured overview of the issues related to energy

and its environmental impact, preparing students to address current technological and

ecological challenges effectively.
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Chapter 1: Basic Concepts of Energy Resources

CHAPTER 1: Basic Concepts of Energy Resources

1.1. Introduction

Energy forms a cornerstone of our existence, influencing nearly every aspect of daily life. It
is present in living beings, objects, and natural phenomena, manifesting in various forms and

powering essential activities such as heating, transportation, and food production.

Energy sources—whether renewable, fossil-based, or primary—play a critical role in
modern societies. As energy demand and associated costs continue to rise, it is essential to

understand the main energy resources and their environmental implications.

An energy source refers to any natural or artificial resource capable of producing energy
through physical or chemical processes. These sources can be broadly categorized into:
o Primary energy sources: directly extracted from natural phenomena.

e Secondary energy sources: derived from human-made transformations.

Additionally, energy resources can be classified as renewable or non-renewable based on

their capacity for regeneration and environmental impact.
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Figure 1.1: Renewable or Non-Renewable Energy
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1.2. Non-Renewable Energy Resources
1.2.1. Petroleum
Petroleum, a fossil fuel derived from the sedimentary decomposition of organic matter,
remains the world’s primary energy source. Extracted from underground reservoirs, it is
refined into fuels and other industrial derivatives.

e Origin: Accumulation of marine organisms in sedimentary basins 20-350 million

years ago.
e Global Production: Approximately 90 million barrels per day.

o Environmental Impact: Significant greenhouse gas emissions.

Figure 1.2 : Non-Renewable Energy Resources: Petroleum

1.2.2. Coal
Coal is extensively used to generate electricity and heat through combustion.
e Main Types:
o Hard coal and anthracite: High calorific value, used in metallurgy and boilers.
o Brown coal: Lower energy value, used in thermal power plants.
e Global Consumption: Accounts for 28.8% of energy needs.

o Environmental Impact: High carbon dioxide emissions.
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Figure 1.3: Non-Renewable Energy Resources: Coal
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1.2.3. Natural Gas
Natural gas, primarily composed of methane, is extracted through drilling operations.
o Leading Producers: Russia, Iran, and Qatar.
o Applications: Fossil fuel for electricity generation and heating.
e Environmental Impact: Emits less CO, than coal and petroleum but still contributes

to climate change.

Figure 1.4: Non-Renewable Energy Resources: Natural Gas

1.2.4. Nuclear Energy
Nuclear energy is derived from the fission of uranium-235 atoms and is primarily used for
electricity generation.

e Features: Exceptional energy density and low CO, emissions.

e Applications: In France, nuclear energy represents 69% of the total energy mix.

e Challenges: Associated risks include radioactive waste management and potential

nuclear accidents.
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1.3. Renewable Energy Resources
With the depletion of fossil fuels and mounting climate challenges, renewable energy
resources present sustainable and clean alternatives. These resources are inexhaustible and

have a lower environmental footprint.
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Figure 1.6: Renewable Energy Resources

1.3.1. Solar Energy
The sun, a source of radiant and thermal energy, is harnessed through two main
technologies:
o Thermal Energy: Generates heat for direct use or electricity production via turbines.
e Photovoltaic Energy: Converts sunlight into electricity using solar panels.

Figure 1.7: Renewable Energy Resources : Solar Energy
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1.3.2. Wind Energy
Wind energy transforms the kinetic energy of wind into electricity through wind turbines.

Although it is clean and renewable, its implementation often faces local opposition.

o &m
WA Q“‘ \S{

Figure 1.8: Renewable Energy Resources : Wind Energy

1.3.3. Hydropower
Hydropower exploits the force of water, such as rivers and waterfalls, to produce electricity.

Representing a significant share of renewable energy, it is highly reliable.
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Figure 1.9: Renewable Energy Resources: Wind Energy
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1.3.4. Geothermal Energy
Geothermal energy leverages heat from beneath the Earth’s surface for heating or electricity
production. This durable alternative is geographically constrained to areas with suitable

thermal conditions.

Figure 1.10: Renewable Energy Resources: Geothermal Energy

1.3.5. Biomass Energy
Biomass utilizes organic materials (waste, wood, plants) to produce energy through
combustion or anaerobic digestion. In France, it accounts for over 55% of renewable energy

production.
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Figure 1.11 : Renewable Energy Resources: Biomass Energy
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1.4. Conclusion

Understanding the various energy resources—renewable and non-renewable—is critical for
addressing global energy challenges. While fossil fuels still dominate today’s energy
landscape, transitioning to renewable solutions is imperative to protect the environment

and ensure a sustainable energy future.

Cours : Energy and Environment -8- Dr. Djelaila Soumia
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CHAPTER 2: Energy Storage

2.1 Introduction

Energy storage is a cornerstone of the global energy transition, addressing the challenge of
balancing intermittent renewable energy sources, such as solar and wind, with fluctuating
demand. By stabilizing power grids, managing peak consumption, and reducing energy
waste, storage technologies play a pivotal role in creating resilient and efficient energy
systems.

As part of climate objectives, energy storage enhances the optimal use of renewable
resources and reduces reliance on fossil fuels. For instance, thermal storage using molten

salts in concentrated solar power plants enables continuous energy supply even after sunset.

ILLUSTRATION CORINNE BEURTEY

Figure 2.1: Hydrogen storage

2.2 Definitions and Fundamental Principles
Energy storage refers to the temporary accumulation of energy in a specific form for future
use. It can be broadly classified into:

o Stationary storage: Primarily used for grid stabilization on a large scale.
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Figure 2.2: Stationary storage

e Mobile (or onboard) storage: Designed for applications such as electric vehicles.

Figure 2.3: Mobile (or onboard) storage

Nature itself provides examples of energy storage, such as gravitational potential energy in
hydroelectric dams. However, most modern storage technologies require energy conversion,

often accompanied by efficiency losses.
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2.3 Why Store Energy?
The strategic importance of energy storage lies in its ability to:
o Manage intermittency: Renewable energy sources like solar and wind are not
continuous.
o Smooth demand peaks: Reduces stress on power grids.
e Ensure energy security: Provides backup during outages or grid failures.

e Lower emissions: Minimizes reliance on fossil-fuel-based power plants.

Case study: In Germany, large-scale battery systems help offset sudden drops in wind

energy production during winter.

Figure 2.4: strategic importance of energy storage

2.4 Methods of Electrical Energy Storage
Energy storage often involves transformation into a different form. Major approaches
include:

e Direct storage: Using superconducting magnetic energy storage (SMES).

e Mechanical storage: Flywheels and compressed air energy storage (CAES).

e Chemical storage: Lithium-ion batteries and hydrogen.

e Thermal storage: Using sensible and latent heat.

Course : Energy and Environment -12- Dr. Djelaila Soumia
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Comparative Table of Storage Technologies

. Cost Lifespan Key
Technol Eff; 9
ccanology iciency (%) (€ per kWh) (cycles) Applications
thhlum.-lon 85-95 150-200 5,000+ EVs, stationary
batteries storage
Compressed air 40-70 ~100 Long-term Industrial grids
, Transport, long-
Hydrogen 30-45 500-1,000 Variable
term storage

2.5 Criteria for Selecting Storage Technologies
Selecting the appropriate storage technology depends on several factors:
e Power capacity: Ability to deliver energy in real-time.
e Lifespan: Number of charge-discharge cycles before performance degrades.
o Energy efficiency: Ratio of stored to recovered energy.
e Cost: Includes both capital expenditure (CAPEX) and operational expenses (OPEX).
o Environmental impact: Considerations like recyclability and emissions.
Example: Lithium-ion batteries are preferred for electric vehicles due to their high energy

density.

2.6 Major Forms of Energy Storage

2.6.1 Electrochemical Storage: Batteries

Batteries are versatile and widely used for energy storage:
e Lithium-ion: Dominates current applications such as EVs and electronics.
e Sodiume-ion: A cost-effective alternative for large-scale storage.

o Flow batteries: Modular solutions for grid-level energy storage.
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Figure 2.5 : Major Forms of Energy Storage
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2.6.2 Mechanical Storage
o Compressed Air Energy Storage (CAES): Stores surplus energy in underground
caverns as compressed air.

o Flywheels: Ideal for rapid charge-discharge cycles in industrial applications.

Le Volant d'inertie

) Paliers
Magnétiques Moteur

Générateur

Enceinte
de confinement
et de sécurité &

ILLUSTRATION CORINNE BEURTEY

Figure 2.6 : Mechanical Storage

2.6.3 Chemical Storage
o Hydrogen: Produced via electrolysis, stored, and converted back to electricity using
fuel cells.

o Biomass: Acts as a natural storage medium for energy derived from organic matter.
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Figure 2.7: Chemical Storage
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2.6.4 Thermal Storage
« Sensible heat: Involves materials like water or molten salts.

o Latent heat: Relies on phase changes (e.g., melting/freezing).
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Figure 2.7: Thermal Storage

2.7 Future Perspectives and Challenges

Energy storage technologies face several challenges before achieving widespread adoption:
e Costreduction: Particularly for hydrogen and advanced battery systems.
o Performance enhancement: Improving energy density and lifespan.

e Grid integration: Seamlessly connecting storage technologies to smart grids.
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Figure 2.8: Projected cost trends for lithium-ion batteries from 2010 to 2030
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2.8 Conclusion

Energy storage is indispensable for accelerating the global energy transition. Despite notable
advancements in technologies like batteries and hydrogen, further innovation is required to
lower costs and enhance scalability. Collaboration among governments, industries, and
researchers is essential to overcoming current barriers and unlocking the full potential of

energy storage solutions.
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CHAPTER 3: Energy Consumption, Reserves, and Resource Evolution

3.1. Introduction

Energy plays a pivotal role in the economic and social development of nations. However, the
global distribution of energy resources and their exploitation pose significant environmental
and economic challenges. In 2015, the world’s proven reserves of non-renewable energy
were estimated at approximately 946 billion tonnes of oil equivalent (toe), representing
nearly 80 years of production at the current rate.

The projected duration of availability varies by energy resource:
e 0il: 51 years
e Natural Gas: 53 years
o Coal: 114 years

Global energy production, largely dominated by fossil fuels, reached 13,306 million tonnes
of oil equivalent (Mtoe) in 2015, marking a 48% increase since 1998. This chapter
examines global energy consumption trends, available reserves, and the outlook for meeting
the growing energy demand.
40
35
30
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20
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M EnR* et déchets M Charbon M Chaleur commercialisée

Figure 3.1: Final energy consumption in the industrial sector in France from 1990 to
2019 by energy

3.2. Global Energy Consumption

3.2.1. Sectoral Distribution of Consumption

In 2013, global final energy consumption was distributed across the following sectors:
e Industry: 28%
o Transportation: 27%
e Residential, tertiary, and agriculture: 36%

e Other uses (e.g., plastics, metal production): 9%

Course : Energy and Environment -17 - Dr. Djelaila Soumia
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This distribution underscores the critical role of fossil fuels and electricity in sustaining

modern economies.

3.2.2. Energy Consumption by Type
By 2015, global final energy consumption totaled 8,979 Mtoe, with fossil fuels continuing to
dominate despite the rise of renewable sources:

e 0il: 32.8%

e Coal: 28.8%

o Natural Gas: 24%

e Nuclear: 4.4%

 Renewables: 10%
Energy is quantified in various units, such as:

o Tonnes of oil equivalent (toe): 1 toe = 41.855 G]

e Tonnes of coal equivalent (tce): 1 tce ~ 29.307 GJ

o Kilowatt-hour (kWh): 1 kWh = 3.6 M]
For example, 1 toe equals 11,628 kWh or 7.33 barrels of oil. A significant proportion of
primary energy is converted into electricity, widely utilized in residential and industrial

sectors.
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Figure 3.2: Gross energy consumption (INSEE figures) by major sector in 2018 as a
percentage

3.2.3. Regional Consumption Patterns
By 2015, the global growth rate of energy consumption had slowed to its lowest level since
1998. However, regional disparities remained:
e Asia: China nearly doubled its energy consumption between 2005 and 2015,
accounting for 22.92% of global consumption.
o Europe: Stable growth supported by advanced energy policies.
o Africa: Low overall consumption but rapidly increasing.
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Figure 3.3: World final energy consumption in 2012 is around 9 billion tonnes of oil
equivalent (according to Key World Energy Statistics 2014, IEA)

3.3. Energy Resource Reserves
Energy reserves are classified into two main categories:
e Provenreserves: Quantities that are technically and economically recoverable.
o Total resources: Total quantities present, some of which are currently inaccessible

with existing technology.

3.3.1. 0il
Conventional oil, vital for transportation and petrochemicals, could be depleted within 40
years at current consumption rates. The remaining reserves (140 billion tonnes) are

primarily concentrated in the Middle East.

3.3.2. Natural Gas
Natural gas reserves are comparable in volume to oil but support longer exploitation periods

due to relatively lower consumption rates.

3.3.3. Coal

Coal boasts the largest reserves among fossil fuels, enabling over a century of usage.
However, its environmental impact is significant, being a major contributor to greenhouse
gas emissions.

3.3.4. Renewable and Inexhaustible Resources

o Solar Energy: Offers a potential far exceeding annual global energy demand.

Course : Energy and Environment -19 - Dr. Djelaila Soumia
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e Advanced Nuclear Energy: Technologies such as fast breeder reactors and nuclear
fusion could provide nearly limitless energy.
Example: Algeria’s renewable energy development program (2015-2030) includes targets
for photovoltaics (PV), wind, concentrated solar power (CSP), and biomass, aiming to
generate 22 GW of renewable capacity by 2030.

3.4. Evolution of Resources and Energy Demand
3.4.1. Drivers of Energy Demand
Global energy demand continues to evolve, driven by:
e Economic Growth: Emerging economies, such as China and India, exhibit annual
growth rates between 5-8%.
o Population Growth: The global population is expected to reach 9-10 billion by
2050.
e Technological Change: Advances in renewable energy and energy efficiency are
reshaping consumption patterns.

) lére phase 2éme phase
Unité : MW TOTAL
2015-2020 2021-2030
Photovoltaique 3000 10575 13575
Eolien 1010 4000 5010
CSP - 2000 2000
Cogénération 150 250 400
Biomasse 360 640 1000
Géothermie 5 10 15
TOTAL 4525 17 475 22000
25 000
22000
19713 Lt
20 000

17 561 —

15569
15 000 13643
11829
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10 000 8452
7023
5674
4526 ==
5000
103 2803 3659
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Figure 3.4: Renewable energy development program in Algeria
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3.4.2. Energy Transition
The shift toward renewable energy resources is a key focus of global policy efforts to reduce
carbon emissions.

e Optimistic Scenarios: Rapid growth in wind and solar energy adoption.

o Challenges: High initial costs, energy storage issues, and the intermittency of

renewable sources.

3.4.3. Geographic Shifts in Energy Use
Developed countries are gradually reducing their reliance on fossil fuels, while developing
nations continue to increase their consumption of primary energy to support

industrialization and urbanization.

3.5. Conclusion

Global energy consumption trends highlight the intricate balance between resource
availability, economic growth, and environmental challenges. Sustainable resource
management and the adoption of cleaner technologies are essential to meeting future energy
needs while mitigating climate impacts. Collaborative efforts among governments,

industries, and researchers will be crucial to achieving these goals.
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CHAPTER 4: Types of Pollution

4.1 Introduction

Pollution refers to any degradation or alteration of the environment, typically caused by
human activities. It occurs due to the direct or indirect release of chemical, physical, or
biological substances into the environment. These substances are often toxic to living
organisms and can disrupt the functioning of natural ecosystems, sometimes impairing their

ability to regenerate.

The European Directive 2000/60/EC (October 23, 2000) provides a comprehensive
definition of pollution: "The direct or indirect introduction, as a result of human activity, of
substances or heat into the air, water, or soil, likely to harm human health, degrade ecosystem
quality, cause material damage, or interfere with legitimate uses of the environment.”

In addition to its environmental impact, pollution severely affects human and animal health,
contributing to the extinction of species unable to adapt to the changes in their habitats. This
chapter examines the causes, types, and consequences of pollution, offering insights into its
pervasive effects on ecosystems and potential mitigation strategies.

Figure 4.1: The pollutions

4.2 Primary Causes of Pollution
Human-induced pollution largely stems from the exploitation of fossil fuels across various
sectors, including:

o Power generation: A significant source of greenhouse gas emissions, particularly

from coal and natural gas-fired plants.
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o Industry: Chemical processes and manufacturing activities contribute to air, water,
and soil contamination.

e Transportation: Urban areas in industrialized countries experience heavy pollution
from vehicles emitting nitrogen oxides (NOy), carbon dioxide (CO,), and fine

particulates (PM).

The reliance on these activities underscores the connection between economic
development and environmental degradation, highlighting the need for cleaner, more

sustainable practices.
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Figure 4.2: main causes of pollution

4.3 Sources of Anthropogenic Air Pollution
Airborne pollutants originate from multiple human activities, with the most notable
sources being:
1. Power plants: Burning coal, oil, or natural gas produces significant quantities of
greenhouse gases and other pollutants.
2. Heating systems: Residential and district heating systems release particulate
matter and CO,.
3. Transportation: Vehicles emit nitrogen oxides (NOy), carbon monoxide (CO), and
particulates, contributing to urban air quality deterioration.
4. Industry and agriculture: Combustion processes, chemical fertilizers, and
pesticide usage further exacerbate pollution levels.
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The cumulative effect of these sources creates a widespread environmental burden,

necessitating targeted policies and technological innovations to reduce emissions.
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Figure 4.3: Distribution of greenhouse gas emission sources in France 2018

4.4 Emission and Immission

In urban areas, atmospheric pollution results from a mix of local and distant sources.
Pollutants such as gases and particles emitted by industries located kilometers away are
carried into cities by wind patterns. The concentration of a pollutant at a specific location,
termed immission, represents the cumulative effect of emissions from various origins.

Understanding the dynamics of emission and immission is crucial for designing effective air

quality management strategies that address both local and regional pollution sources.

Emission

Transmission

o) T=== Q*ff«\@

Immission

Figure 4.4: Emission and immission
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4.5 Types of Pollution
4.5.1 Air Pollution
Air pollution arises from the release of harmful gases and particles, such as:
o Carbon oxides (CO, CO,), sulfur dioxide (SO;), and nitrogen oxides (NOy).
o Particulates and radioactive dust from industrial processes, incinerators, and
vehicles.
The impact of air pollution includes respiratory illnesses, reduced agricultural productivity,
and damage to ecosystems. Effective measures such as cleaner energy technologies and

stricter emission standards are essential for addressing this issue.
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Figure 4.5: Air pollution

4.5.2 Water Pollution
Water bodies are polluted through:
o Industrial and household waste: Effluents and oil spills contaminate rivers, lakes,
and oceans.
e Agricultural runoff: Pesticides and fertilizers leach into water systems, causing
eutrophication.
Eutrophication, where excessive nutrients lead to algal blooms, disrupts aquatic ecosystems

by depleting oxygen levels, adversely affecting fish and other aquatic organisms.
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Figure 4.6: Example of eutrophication in a watercourse
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4.5.3 Soil Pollution
Soil contamination is closely linked to:
o Agriculture: The overuse of pesticides and fertilizers leads to toxic buildup.
o Improper waste disposal: Industrial and municipal waste infiltrates the soil,
rendering it unproductive and harmful to plants and microorganisms.
Restoring polluted soil requires implementing sustainable agricultural practices and

improving waste management systems.

S 3

Figure 4.6: Soil pollution

4.5.4 Noise Pollution
Excessive noise levels surpassing tolerance thresholds can:
e Harm human health by causing stress, hearing loss, and sleep disturbances.
e Disrupt ecosystems, particularly for species sensitive to sound, such as birds and
marine animals.
Mitigation efforts include establishing noise control zones and promoting the use of quieter

machinery.

Figure 4.7: Noise Pollution
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4.5.5 Light Pollution
Artificial light at night adversely affects biological rhythms in humans and animals.
e Sources: Public lighting, illuminated advertisements, and excessive urban lighting.
o Impact: Disruption of sleep cycles and migration patterns in animals.
Using energy-efficient lighting and regulating unnecessary outdoor lighting can help reduce
light pollution.
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Figure 4.8: Light Pollution

4.5.6 Thermal Pollution
Thermal pollution occurs when water bodies are heated by industrial discharges, altering
local ecosystems. Additionally, the release of greenhouse gases contributes to global climate

change, with far-reaching environmental impacts.

4.5.7 Other Types of Pollution

e Biological: Introduction of invasive species, such as Caulerpa taxifolia, that disrupt
local ecosystems.

o Radioactive: Resulting from nuclear accidents (e.g., Chernobyl, Fukushima) or
improper disposal of radioactive waste.

e Industrial: Toxic chemical and organic waste from manufacturing processes.

o Electromagnetic: Chronic exposure to electromagnetic fields from devices and
infrastructure.

o Visual: Landscape degradation caused by construction, litter, and unregulated

development.

Figure 4.9: Other types of pollution: Radioactive
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4.6 Conclusion

Pollution, in its many forms, is a direct outcome of human activities and affects all
ecosystems on Earth. Understanding its sources and consequences is vital to crafting
solutions that mitigate its impact. Effective prevention requires stronger regulations,
sustainable practices, and global awareness to ensure environmental and public health for
future generations. Collaborative action at local, national, and international levels will be key

to addressing this multifaceted challenge.
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CHAPTER 5: Detection and Treatment of Pollutants and Waste

5.1 Introduction

The effective management of pollution begins with controlling its sources, as this is the most
impactful approach to reducing the release of harmful substances while simultaneously
improving the quality of natural environments. Once the source of pollution is under control,
addressing residual impacts becomes critical to ensure environmental and public health
acceptability. When complete elimination of the pollution source is unfeasible, implementing
solutions to minimize negative effects on populations and ecosystems is essential.

This chapter focuses on the detection and treatment of pollutants and waste, exploring

innovative technologies and methodologies to mitigate their impact.

Figure 5.1: Détection et traitement des polluants et des déchets

5.2 Detection of Pollutants

Detecting pollutants in natural and industrial environments is a cornerstone of effective
environmental risk management. Various detection technologies are employed to monitor
the presence of pollutants in air, water, and soil, each tailored to specific contexts with
varying levels of precision and applicability.
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Figure 5.2: Détection des polluants
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5.2.1 Detection of Pollutants in Water and Soil

For water pollution, biosensor-based alert systems utilizing phosphorescent bacteria are
frequently employed. These bacteria lose their fluorescence upon exposure to toxic
substances, enabling rapid identification of dangerous contamination levels.

In soil monitoring, detection kits are used to analyze contaminants such as explosives,
hydrocarbons, polychlorinated biphenyls (PCBs), and polycyclic aromatic hydrocarbons
(PAHSs). These Kkits offer results in less than 30 minutes, making them practical for on-site

evaluations.

Figure 5.3: Détection des polluants dans I'eau et les sols

5.2.2 Remote Detection of Atmospheric Gases

Infrared remote sensing is widely utilized for monitoring gas emissions over large distances.
One notable innovation is the SIGIS 2 device, which leverages the natural infrared emission
of gases to detect, identify, and quantify atmospheric gas plumes. Capable of measuring
multiple gases simultaneously over several kilometers, SIGIS 2 provides a comprehensive

and efficient alternative to traditional fixed or single-gas detectors.

Figure 5.4: Dispositif de détection des gaz atmosphériques SIGIS 2 Bruker
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5.2.3 Particulate Concentration Measurement Systems for Industrial Chimneys

As air pollution regulations become increasingly stringent, industries are required to closely
monitor particulate emissions. Highly sensitive measurement systems can detect particulate
matter concentrations as low as a few micrograms per cubic meter. These systems allow
industries to identify and address deviations in production processes, preventing

environmental issues before they escalate.

5.3 Pollution Remediation Techniques

Remediation techniques for pollution vary depending on the nature of the pollutants, the
characteristics of the contaminated site, and the desired outcome. These methods can be
categorized based on the processes used, the location of treatment, and the ultimate fate of

the pollutants.

¥

Figure 5.5: Dispositif de détection des gaz atmosphériques SIGIS 2 Bruker

k

5.3.1 Classification by Process Type

o Physical Processes: These involve the movement or immobilization of pollutants
using fluids (water or gas), facilitating their extraction or stabilization.

e Biological Processes: Utilizing microorganisms to degrade or transform pollutants,
these techniques are particularly effective in soil and water remediation.

« Thermal Processes: Heat is used to neutralize or destroy pollutants, as seen in waste
incineration and the vitrification of contaminated materials.

e Chemical Processes: These employ chemical reactions to alter pollutants into less

harmful substances or separate them from their surroundings.

5.3.2 Classification by Treatment Location
o Off-site Treatment (Ex Situ): Contaminated material is removed and treated at a

specialized facility, such as an incinerator.
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e On-site Treatment: Remediation is conducted at the pollution site, reducing risks
associated with waste transport.

o In-situ Treatment: Without excavating pollutants, in-situ methods involve directly
treating or stabilizing contaminants at their location.

e Containment: This approach confines pollutants within a controlled zone,

preventing their spread into the environment.

5.3.3 Classification by Pollutant Fate
o Immobilization: Techniques such as solidification, stabilization, or containment are
used to render pollutants less mobile or less toxic by modifying their chemical state
or the receiving medium.
o Destruction: These methods aim to degrade pollutants, partially or entirely, into

harmless substances through chemical, thermal, biological, or physical processes.

5.4 Conclusion

Managing pollutants and waste effectively requires an integrated approach, combining
detection technologies with targeted remediation techniques. Early detection, facilitated by
innovative tools such as remote sensing and advanced sensors, allows for precise and timely
management of pollution. Concurrently, remediation methods offer diverse solutions to
reduce or eliminate pollutants, whether at the source, on-site, or off-site, depending on the

contamination's nature and severity.

By adopting these strategies, it is possible to mitigate the environmental and health impacts
of pollution. Continued investment in optimizing detection technologies and refining
remediation practices is critical to addressing current environmental challenges. Ultimately,
reducing the ecological footprint of human activities hinges on integrating advanced
technologies with sustainable management practices, ensuring a healthier and more

resilient environment for future generations.
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6.1. Introduction
Human activities, whether industrial, agricultural, chemical, or domestic, significantly
contribute to environmental degradation. These activities result in:

e Global warming;

o Ecosystem alterations and climatic disruptions;

e Ozone layer depletion;

o Pollution of soil, water, and air.

Such environmental damage poses severe risks to human health, fostering the emergence or
exacerbation of various pathologies, including:

e Cancer, cardiovascular, and respiratory diseases;

e Congenital malformations;

e Infectious diseases;

e Deterioration in quality of life and overall well-being.

Understanding these impacts is essential to address both health challenges and

environmental crises through targeted and effective strategies.

Figure 6.1: Detection and treatment of pollutants and waste

6.2. Effects of Pollution
The effects of pollution depend on multiple factors:

1. Individual sensitivity: Age, health conditions, smoking habits, and genetic
predispositions significantly influence vulnerability. Children, the elderly, and
individuals with chronic illnesses are particularly at risk.

2. Duration and intensity of exposure: Prolonged or high-intensity exposure

amplifies health risks.
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3. Environmental interactions: Simultaneous exposure to additional atmospheric
compounds (such as pollens and spores) exacerbates harmful effects.
Despite the lack of an absolute safe threshold for pollution exposure, public authorities have

established alert levels and limits to prompt emission reduction measures when surpassed.
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Figure 6.2: Effects of pollution

6.3. Impact on Health

6.3.1. Loss of Biodiversity

Pollution severely diminishes biodiversity, disrupting ecosystems and the essential
ecological services they provide, such as water purification and soil stabilization. These
disruptions affect both living organisms and human activities dependent on stable

ecosystems.
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Figure 6.3: Biodiversity loss
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6.3.2. Cardiovascular Diseases

Environmental pollutants, such as carbon monoxide and fine particulate matter, exacerbate
cardiovascular diseases. These effects compound other risk factors like hypertension,
smoking, and high cholesterol, increasing the prevalence of arrhythmias and ischemic heart

conditions.

6.3.3. Cancers
Pollution plays a significant role in cancer incidence. Environmental carcinogens, including
hydrocarbons, pesticides, asbestos, and radiation (both ionizing and non-ionizing),

contribute to increased risks, particularly with prolonged exposure through food and air.

Figure 6.4: Cancers

6.3.4. Respiratory Diseases

Airborne pollutants, such as suspended particulate matter, nitrogen oxides, sulfur dioxide,
and tropospheric ozone, worsen respiratory conditions like asthma and chronic bronchitis.
Poor indoor air quality further exacerbates these health issues.

6.3.5. Allergies
Pollution exacerbates allergic conditions caused by allergens like pollen, dust mites, and
mold. These effects are compounded by airborne particles and pollutants, intensifying the

prevalence and severity of allergic reactions.

6.4. Quantifying the Impact
Statistical data highlights the severity of pollution’s health impacts:
e In 2012, pollution was responsible for approximately 3.7 million premature deaths
worldwide, according to WHO estimates.
e Fine particulate matter (PM2.5) alone caused 350,000 deaths in the EU-25.
e A 10 pg/m?increase in PM2.5 raises risks of:
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o Mortality by 6%;
o Cardiovascular diseases by 12%;
o Lung cancer by 14% (WHO).

These figures emphasize the need for stringent pollution control measures to safeguard
public health.

6.5. Impact on the Environment
Pollution has devastating effects on natural environments:
e Oil spills severely threaten marine ecosystems and biodiversity.
e Air pollution from industrial emissions and vehicle exhaust exacerbates climate
change and atmospheric degradation.
e Ozone layer depletion caused by CFCs and other harmful substances increases UV-
B radiation levels, leading to:
o SKkin cancer;
o Cataracts;
o Immune system impairment.
Heavy metals, radioactive contamination, and persistent organic pollutants further alter
ecosystems, often rendering their restoration both challenging and costly.
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Figure 6.5: Impact on the Environment
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6.6. Conclusion
Pollution, whether impacting human health or the environment, is a pressing global issue.
Health effects such as respiratory and cardiovascular diseases, cancers, and allergies are

compounded by ecosystem degradation, biodiversity loss, and environmental alterations.

Addressing these challenges requires strengthened environmental policies, widespread
awareness, and global cooperation. An integrated approach combining emission reductions,
ecosystem protection, and adaptive strategies is essential to ensure a healthier, more

sustainable future for both humans and the planet.
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