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The Engineering Profession  

Lesson 1: 

1. What Are Engineering Sciences? 

 Definition 

Engineering Sciences refer to the theoretical foundations and practical methods used in the 
design, construction, analysis, and optimization of systems—be they mechanical, electronic, 
computational, civil, or biomedical. 

They include: 

 Fundamental Sciences: Mathematics, Physics, Chemistry 
 Applied Sciences: Mechanics, Thermodynamics, Electrical Circuits, Control Theory 
 Technological Tools: CAD software, simulation platforms, coding languages 

 Purpose 

The goal is to transform scientific knowledge into useful, safe, and sustainable technologies. 

 2. The Engineering Profession 

 Historical Perspective 
 Ancient Engineers: Egyptian architects, Roman aqueduct builders, Chinese bridge 

engineers. 
 Industrial Revolution: Formalization of engineering roles (mechanical, civil). 
 20th Century: Rise of electrical, aerospace, and software engineering. 
 Modern Day: Multidisciplinary engineers using AI, nanotechnology, sustainability 

practices. 

 21st Century Challenges 
 Sustainability: Renewable energy, circular economy 

 Digitalization: IoT, AI, cybersecurity 
 Globalization: Working in international teams and diverse environments 
 Ethics: Environmental impact, data privacy, inclusivity in design 

 Core Roles of an Engineer 
 Problem solving 
 Innovation and design 
 System analysis 
 Project management 
 Technical communication 
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Engineering sciences are the bridge between theoretical science and real-world problem-solving. 
The engineering profession has evolved significantly and now faces pressing challenges such as 
sustainability, automation, and ethical responsibility. Understanding how to position oneself in 
the job market and create effective job descriptions is an essential professional skill. 

Lesson 2: 

Automation and Industrial Engineering: Foundations, Applications & Specialist Roles  

1. Definitions and Scope 

 Automation Engineering 
 Definition: Automation Engineering is a branch of engineering focused on 

designing and implementing systems and technologies that perform tasks without 
human intervention. 

 Key Concepts: 

o Control Systems: Systems that manage, command, direct, or regulate behavior of 
devices. 

o Feedback Loops: Automatic adjustment mechanisms that ensure accuracy (e.g., 
thermostat). 

o Sensors and Actuators: Devices that detect environmental data and convert 
electrical signals into action. 

 Industrial Engineering 
 Definition: Industrial Engineering optimizes complex processes, systems, or 

organizations by integrating people, materials, equipment, and information. 

 Key Concepts: 

o Lean Manufacturing: Minimizing waste without sacrificing productivity. 
o Process Mapping: Analyzing workflow for efficiency. 
o Operations Research: Using mathematical models to improve decision-making. 

 

2. Application Domains 

  A. Automated Industrial Chains 
 Definition: Production systems where multiple machines operate in sequence under 

centralized control. 
 Example: Automobile assembly lines using robotic arms and conveyors. 
 Key Technologies: PLCs (Programmable Logic Controllers), HMIs (Human Machine 

Interfaces). 
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B. CNC Machines (Computer Numerical Control) 
 Definition: Machines that follow computer-generated instructions to perform precise 

cutting, drilling, and shaping. 
 Impact: Improves precision, repeatability, and reduces human error in manufacturing. 

C. Robotics 
 Definition: The science of designing and using robots to perform tasks typically done by 

humans. 
 Types: Industrial robots (e.g., pick-and-place, welding), collaborative robots (co-bots). 
 Real-World Use: Electronics manufacturing, food packaging, surgical robots. 

D. Inventory & Stock Management 
 Definition: Systems that track goods in storage, predict needs, and automate 

reordering. 

 Methods: 

o Just-In-Time (JIT): Minimize inventory by delivering materials as they are 
needed. 

o RFID and Barcode Systems: For real-time tracking of goods. 

E. Traffic & Logistics Management 
 Definition: Planning and control of goods movement from suppliers to 

customers. 

 Tools: 

o WMS (Warehouse Management Systems) 
o TMS (Transport Management Systems) 
o Simulation software for route and load optimization. 

F. Quality Control 
 Definition: Monitoring and testing products to ensure they meet standards. 

 Techniques: 

o SPC (Statistical Process Control) 
o Six Sigma: Methodology for reducing defects 
o ISO 9001: International standard for quality management 

Lesson 3: 

Fields in Electronics, Telecommunications, Biomedical, Electrical, Electromechanical, 
Optical & Precision Engineering: Definitions, Applications & Specialist Roles 
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1. Introduction to Engineering Fields 
a. Electronics Engineering 

 Definition: Concerned with the design and development of electronic circuits, devices, 
and systems using semiconductors and embedded software. 

 Applications: Embedded systems in cars, smartphones, home automation (Domotics), 
sensors. 

 Specialist Role: Designs circuit boards, microcontrollers, and integrated systems. 

b. Telecommunications Engineering 

 Definition: Focuses on transmitting information across channels like optical fiber, radio, 
or satellite. 

 Applications: Mobile phones, fiber-optic networks, video surveillance. 
 Specialist Role: Designs network infrastructure, signal processing algorithms, and 

maintains communication systems. 

c. Biomedical Engineering 

 Definition: Combines engineering principles with medical sciences to develop healthcare 
technologies. 

 Applications: Medical imaging (MRI, CT), wearable biosensors, surgical instruments. 
 Specialist Role: Develops diagnostic equipment, prosthetics, and biocompatible devices. 

d. Electrical Engineering 

 Definition: Deals with the generation, distribution, and utilization of electric power. 
 Applications: Power plants, electrical grids, energy-efficient technologies. 
 Specialist Role: Ensures safe and efficient design of power systems and energy solutions. 

e. Electromechanical Engineering 

 Definition: Integrates mechanical and electrical systems for automated functions. 
 Applications: Elevators, industrial automation, wind turbines. 
 Specialist Role: Manages electromechanical equipment and system integration. 

f. Optical and Precision Engineering 

 Definition: Focuses on light-based systems and ultra-precise mechanical components. 
 Applications: Scientific instruments, contact lenses, giant mirrors for telescopes. 
 Specialist Role: Designs instruments for imaging, metrology, and microfabrication. 

 

3. Role of the Specialist 
 Design: Create systems, circuits, or equipment based on specifications 
 Simulation and Testing: Use software to predict and validate behavior 
 Integration: Ensure interoperability between electrical, mechanical, and digital 

components 
 Maintenance and Upgrades: Ensure reliability and improve existing systems 

 Innovation: Apply new technologies (AI, IoT, nanotech) to improve efficiency and 
performance 
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Lesson 4: 

Fields in HVAC Engineering (Génie Climatique) and Transport Engineering: Definitions, 
Applications & Professional Roles 

 

 1. Foundational Definitions 

 HVAC Engineering (Génie Climatique) 

Definition: HVAC (Heating, Ventilation, and Air Conditioning) Engineering is concerned with 
the design, installation, and maintenance of systems that control indoor environments in terms of 
temperature, humidity, air quality, and energy efficiency. 

Key Concepts: 

 Thermodynamics and fluid mechanics for heat and air distribution 
 Indoor Air Quality (IAQ) management 
 Building Energy Efficiency and automation systems (BMS) 

 

Transport Engineering 

Definition: A branch of civil and systems engineering focused on the planning, design, 
operation, and safety of transportation systems for road, rail, air, and maritime movement. 

Key Concepts: 

 Mobility and Accessibility 
 Traffic Engineering and Signal Control 
 Transport Safety and Crash Analysis 
 Smart Mobility (IoT, autonomous vehicles) 

2. Application Domains 
Field Real-World Applications 

HVAC Systems Air conditioning for buildings, hospitals, and vehicles; heating 
systems; air filtration 

Smart Buildings Integration of HVAC with sensors, automation, and energy 
management platforms 

Transport Safety Design of safety barriers, crash simulations, emergency planning in 
public transit 

Road Traffic 
Management 

Smart traffic lights, congestion analytics, autonomous vehicle 
infrastructure 

Air Transport Flight scheduling, runway management, air traffic control systems 
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Field Real-World Applications 

Naval and Port 
Logistics 

Cargo routing, port traffic control, ship navigation systems 

 

3. Core Technologies and Methods 

HVAC Engineering: 
 Heat Pumps, Chillers, Air Handling Units (AHUs) 
 BMS (Building Management Systems): Centralized control of HVAC, lighting, security 
 CFD (Computational Fluid Dynamics): Used to model air and thermal flow 
 ISO 16813: Guidelines for energy-efficient indoor environments 

Transport Engineering: 
 ITS (Intelligent Transport Systems): Real-time traffic updates, electronic tolling 
 GIS Mapping & Modeling: Used for traffic flow simulation and infrastructure planning 
 Crash Simulation Software (e.g., LS-DYNA) 

 Electric and Autonomous Vehicle Infrastructure 
 

4. Role of the Specialist 
Profession Responsibilities 

HVAC Engineer Designs and maintains climate control systems; evaluates 
energy usage 

Smart Building Integrator Implements automation systems linking lighting, HVAC, 
security 

Traffic Engineer Analyzes traffic patterns, optimizes signal timings, designs safe 
road systems 

Transport Safety Analyst Investigates accidents, improves regulations, models risk 
factors 

Air/Nautical Logistics 
Engineer 

Manages airspace routing or maritime vessel coordination 

 

 Sustainability and Smart Innovation 
 Green Buildings: LEED certification, low-energy HVAC systems 
 Urban Mobility: Integration of biking, walking, and public transit 
 Autonomous Systems: Self-driving cars, drone delivery infrastructure 
 Climate Adaptation: HVAC systems that respond to outdoor climate changes 

dynamically 
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Lesson 5: 

Fields in Civil Engineering, Hydraulic Engineering & Public Works: Foundations, 
Applications & Specializations 

Civil Engineering Foundations 

1. Definitions 
  Civil Engineering 

Definition: The discipline that deals with the design, construction, and maintenance of built 
infrastructure such as roads, bridges, buildings, and dams. 

Core Subjects: 

 Structural Mechanics 
 Geotechnics (soil mechanics) 
 Construction Materials 
 Surveying and topography 

2. Domains of Application 

Sector Description 

Construction Materials Concrete, steel, composites, and eco-friendly materials 

Road & Railway 
Infrastructure 

Design and maintenance of highways, tunnels, and railway 
lines 

Bridges and Viaducts Structural engineering, load analysis, seismic resistance 

Airports Runway design, terminal planning, ground transport 
integration 

Public Buildings Schools, hospitals, stadiums: safety, accessibility, and 
sustainability 

 

3. Key Engineering Techniques 
 Finite Element Method (FEM) for stress analysis 
 AutoCAD/Civil 3D for construction drawings 
 Building Information Modeling (BIM) for lifecycle project planning 
 Site Investigation: Soil testing, subsurface analysis 

👷 4. Roles of the Civil Engineer 

Specialization Role Description 

Structural Engineer Designs stable structures against loads and stresses 

Geotechnical 
Engineer 

Analyzes soil-structure interaction and foundation safety 
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Specialization Role Description 

Construction 
Manager 

Plans and coordinates site activities, ensures project deadlines and 
quality 

Urban Engineer Plans infrastructure in accordance with zoning, population, and 
sustainability 

 

Lesson 6:  Hydraulic Engineering & Public Works 

1. Definitions 
Hydraulic Engineering 

Definition: A subfield focused on the flow and control of water in natural and built 
environments, including flood control, irrigation, and drinking water systems. 

Public Works (Travaux Publics) 

Definition: Civil engineering projects funded and executed by governments for the public 
good, including transportation, sanitation, water supply, and urban development. 

 

🚰 2. Domains of Application 

Application Area Real-World Projects 

Dams and Reservoirs Water retention, hydroelectricity, flood management 

Water Supply Systems Potable water pipelines, pumping stations, disinfection units 

Sewer and Drainage 
Systems 

Urban sanitation, stormwater collection, wastewater treatment 

Hydraulic Flow 
(Ecoulements) 

River dynamics, sediment transport, open channel flow 
modeling 

Water Resource 
Management 

Monitoring and planning usage across agriculture, cities, and 
industries 

Urban Planning & Smart 
Cities 

Integration of mobility, green spaces, and ICT for smart 
public services 

 

🛠 3. Key Tools and Systems 
 Hydraulic Modeling Software: EPANET, HEC-RAS 
 GIS Systems for mapping and hydrological planning 
 SCADA Systems: Remote control of water facilities 
 Environmental Impact Assessment (EIA) frameworks 
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4. Roles of the Specialist 

Specialist Role Key Responsibilities 

Hydraulic Engineer Designs and manages water flow systems, from canals to storm 
drains 

Public Works Engineer Coordinates large infrastructure works for regional/national 
development 

Water Resource 
Manager 

Ensures sustainable distribution and use of water in multi-sector 
systems 

Sanitation Engineer Plans sewer networks and treatment plants to protect public health 

Lesson 7: 

Process Engineering, Hydrocarbons, and Petrochemical Industries: Definitions, Key 
Industries & Engineer Roles 

1. Foundational Definitions 

 Process Engineering 

Definition: A branch of chemical engineering that focuses on transforming raw materials into 
useful products through chemical, physical, or biological processes. It involves designing and 
controlling industrial systems to ensure efficiency, safety, and sustainability. 

Core Functions: 

 Mass and energy balance 
 Equipment design (e.g., reactors, distillation columns) 
 Scale-up from laboratory to industrial production 
 Process simulation and optimization (e.g., Aspen HYSYS) 

 Hydrocarbon Engineering 

Definition: A field focused on the extraction, processing, and refining of hydrocarbons (oil 
and natural gas). It covers upstream (exploration and drilling), midstream (transportation), and 
downstream (refining and petrochemical conversion) operations. 

Key Concepts: 

 Reservoir engineering 
 Drilling technology 
 Hydrocarbon separation and purification 
 Environmental impact management 

Petrochemical Engineering 

Definition: A subfield of chemical engineering that deals with transforming hydrocarbons into 
chemical products like plastics, synthetic rubber, solvents, detergents, and fertilizers. 
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2. Application Industries 
Industry Applications & Process Operations 

Pharmaceutical Drug formulation, sterilization, fermentation, cleanroom production, 
validation, GMP compliance 

Agro-food Pasteurization, dehydration, spray-drying, mixing, flavor extraction, 
fermentation 

Textile & Leather Tanning, dyeing, finishing, solvent recovery, effluent treatment 

Biotechnology Enzyme production, bioreactor design, genetically modified 
organisms (GMOs), vaccine synthesis 

Chemical & 
Petrochemical 

Sulfuric acid production, polymerization (plastics), ammonia for 
fertilizers, surfactants, synthetic fuels 

Plasturgy (Plastics) Polymer synthesis, extrusion, injection molding, thermosetting vs 
thermoplastics 

Oil & Gas (Energy) Crude oil distillation, catalytic cracking, LNG liquefaction, gas 
sweetening, flare systems 

 

⚙ 3. Major Processes and Equipment 
Process Purpose 

Distillation Separation based on boiling points 

Heat Exchangers Transfer heat between fluids 

Reactors Carry out chemical reactions under controlled conditions 

Centrifuges/Filters Separate solids from liquids 

Absorption/Stripping Gas purification 

Fluidized Beds Enhance solid-gas contact (e.g., catalytic cracking) 

Control Systems Maintain pressure, temperature, flow using automation 
 

👷 4. Role of the Specialist 
Specialist Core Responsibilities 

Process Engineer Design, simulate, and optimize chemical/physical processes for 
production 

Petroleum Engineer Plan and manage extraction of oil/gas from underground 
reservoirs 

Operations Engineer Ensure safe and efficient running of equipment and production 
units 
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Specialist Core Responsibilities 

Quality Assurance 
Engineer 

Establish testing protocols, ensure regulatory compliance (e.g., 
FDA, ISO) 

Environmental Engineer Manage emissions, waste treatment, and regulatory reporting 

Energy Engineer Analyze and reduce energy consumption, integrate renewables 
 

🌍 Sustainability and Challenges 

Key Issues: 
 High energy intensity of petrochemical processes 
 Emissions of greenhouse gases and pollutants 
 Need for biodegradable alternatives and green chemistry 
 Water consumption and effluent treatment 

Future Directions: 
 Carbon capture and utilization (CCU) 
 Renewable feedstocks (e.g., algae, biomass) 
 Process intensification (combining multiple steps in one unit) 
 AI and digital twins in plant control 

Lesson 8: 

Aerospace, Mechanical, Maritime & Metallurgical Engineering: Foundations, Applications 
& Roles 

1. Definitions 

Aerospace Engineering 

Definition: The discipline concerned with the design, development, testing, and maintenance of 
aircraft and spacecraft. 

Key Areas: 

 Aerodynamics: Study of air flow around bodies 
 Flight Mechanics: Behavior of aircraft in motion 
 Avionics: Electronic systems used in aviation (navigation, communication) 

 Mechanical Engineering 

Definition: One of the broadest engineering fields, dealing with the design, manufacturing, and 
maintenance of mechanical systems. 

Key Concepts: 
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 Thermodynamics, mechanics, materials science 
 Machines, robotics, internal combustion engines 

Maritime (Naval) Engineering 

Definition: Engineering related to the design, construction, and operation of ships, ports, and 
marine structures. 

Key Components: 

 Ship hydrodynamics 
 Coastal infrastructure (dikes, breakwaters) 
 Port operations and logistics 

Metallurgical Engineering 

Definition: The science and technology of extracting, refining, processing, and utilizing metals 
and alloys. 

Branches: 

 Physical Metallurgy: Metal properties and structure 
 Extractive Metallurgy: Mining and ore treatment 
 Process Metallurgy: Shaping and alloying metals (casting, rolling, forging) 

2. Domains of Application 
Field Example Applications 

Aerospace 
Engineering 

Aircraft manufacturing (Airbus, Boeing), drone systems, aviation 
electronics 

Avionics Radar, autopilot systems, cockpit displays 

Automotive Industry Engine design, chassis optimization, electric vehicle (EV) drivetrain 
systems 

Ports and Coastal Dike engineering, container terminal design, offshore platforms 

Industrial Equipment Turbines, heat exchangers, production lines, robotics 

Steel & Metallurgy Steel mills, aluminum processing, welding, surface treatments 

Metal 
Transformation 

Forging, stamping, 3D metal printing, additive manufacturing 

4. Roles and Responsibilities of Specialists 
Engineering Role Responsibilities 

Aerospace Engineer Aerodynamic design, structural analysis, propulsion systems 

Avionics Engineer Embedded systems development, electronic safety and flight 
automation 

Mechanical Engineer Machine design, thermal systems, product development 
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Engineering Role Responsibilities 

Maritime Engineer Naval architecture, ship propulsion, port facility planning 

Metallurgical Engineer Alloy design, failure analysis, process metallurgy 

Industrial Production 
Engineer 

Manages fabrication of mechanical systems in automotive or 
metallurgical plants 

 


