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• Energies of the future



Evolution of energy needs
• La 1ère Révolution Industrielle (1.0 IR)

James WATT
1736-1819, Scotland, UK

WATT’s Steam engine
Imagined in 1764
Patented in 1769
Industrial release in 1775

Enhanced 
version of  
NEWCOMEN 
engine (1712)



• The 1st Industrial Revolution (IR1.0)

Coal as fuel

Steel industry

Textile

Rail transport
Steam vehicle

Evolution of energy needs



• The 1st Industrial Revolution (IR1.0)

Coal as fuel

Steel industry

Textile

Rail transport
Steam vehicle

1.0 IR (end 18th – end 19th Century)
GB → EU → USA → JP

World Population ~ 1 billion

Evolution of energy needs



• The 2nd Industrial Revolution (2.0 IR)

Eugenio BARSANTI
1821-1864, Italy

Etienne LENOIR
1822-1900, France

Nikolaus OTTO
1832-1891 Germany

Zénobe GRAMME
1826-1901 Belgium

Internal Combustion Engine
(Essence, Diesel)

Dynamo (Electric Motor)

Phone invention by 
A.G. BELL in  1876

Electric light bulb by
T. EDISON in 1882

First mechanized flight by
The WRIGHTs bros in 1903Hertzian waves by

H. HERTZ in 1886

Evolution of energy needs



• The 2nd Industrial Revolution (2.0 IR)

Fossil fuels 
(Gaz & Oil) 

Large-Scale transport

Telecommunications

Development of Steel and 
alloys industries

Evolution of energy needs



• The 2nd Industrial Revolution (2.0 IR)

Fossil fuels 
(Gaz & Oil) 

Large-Scale transport

Telecommunications

Development of Steel and 
alloys industries

2.0 IR (end 19th – mid 20th Century)
World Population ~ 2,5 billions

Evolution of energy needs



• The 3rd Industrial Revolution (3.0 IR)

Marcian HOFF
1937, USA

Frederico FAGGIN
1941, Italy-USA

First Microprocessor Intel 4004, in 1971

ENIAC, Programable calculator (USA) ~ 1947

Nuclear Power Plants 

Evolution of energy needs



• The 3rd Industrial Revolution (3.0 IR)

Nuclear fuel (Uranium)

Developpment of Computer Science

Airplane and Aerosptial industry

Automated industry and 
robotics

Evolution of energy needs



• The 3rd Industrial Revolution (3.0 IR)

Nuclear fuel (Uranium)

Developpment of Computer Science

Airplane and Aerosptial industry

Automated industry and 
robotics

3.0 IR (end 20th – start 21st Century)
World Population ~ 6 billions

Evolution of energy needs



• The 4th Industrial Revolution (4.0 IR)

!!!!رانا فيها!!!!

Finance and Market digitization

Internet Access and File Sharing

Social Networks and News

ج  ) ــ ـرعـي ـق 
(ت 

ENR

Evolution of energy needs



Virtual Reality

• La 4ème Révolution Industrielle (4.0 IR)

A.I

Cryptocurrency

Quantum Computer3D Printing

Nanotechnology

Evolution of energy needs



Virtual Reality

• La 4ème Révolution Industrielle (4.0 IR)

A.I

Cryptocurrency

Quantum Computer3D Printing

4.0 IR (start 21st – …)
World Population ~ 9 billions

Nanotechnology

Evolution of energy needs



• La 4ème Révolution Industrielle (4.0 IR)

~𝟏𝟎𝟎𝒚𝒓𝒔 ~𝟏𝟎𝟎𝒚𝒓𝒔 ~𝟒𝟎𝒚𝒓𝒔

Evolution of energy needs





• Chemical energy

▪ Energy obtained due to chemical combustion (Chemical reactions) of chemical/organic (fuels)

▪ Conventionally,  we use organic or fossil fuels: Woods, Coal, Oil and Gas

▪ When the chemical energy is 

transformed into thermal energy, it 

implies pulsed (explosions) or 

continuous (combustion) increase of 

heat in engineered systems known 

as : Heat or Thermal Machines

Conventional energies



• Thermal Machine

The energy losses in thermal machine are due to:

▪ Irreducible losses related to the thermodynamic cycle

▪ Losses related to the cooling of the transformation system 

itself

▪ Friction losses: Cylinders, Pistons, distribution system, 

intake and exhaust gases

▪ Necessary energy to accessories operation

The thermal Machine represent an energy efficiency:

 η =
é𝒏𝒆𝒓𝒈𝒊𝒆 𝒖𝒕𝒊𝒍𝒆

é𝒏𝒆𝒓𝒈𝒊𝒆 𝒄𝒐𝒏𝒔𝒐𝒎𝒎é𝒆
=

−𝑾

𝑸
= 𝟏 −

𝑻𝒇

𝑻𝒄
< 𝟏

Carnot Cycle (ideal case)

▪ AB: isothermal expansion (𝑻𝟏 =  𝑪𝒕𝒆 )

▪ BC: adiabatic expansion

▪ CD: isothermal compression (𝑻𝟐 =  𝑪𝒕𝒆 )

▪ DA: adiabatic compression 

𝑾

𝟏𝑯𝑷 = 𝟕𝟒𝟓, 𝟕𝑾
𝟏𝑪𝑽 = 𝟕𝟑𝟓, 𝟓𝑾

𝟏𝟎𝟎 𝑪𝒉 𝑫𝑰𝑵 = 𝟕𝟒𝒌𝑾

Conventional energies



• Machine thermique (Chaudière)

𝑮𝒂𝒛, 𝑶𝒊𝒍, 𝒘𝒐𝒐𝒅
𝟕𝟎 ≤ η ≤ 𝟗𝟓%

Boilers are used to produce heat for:

- Indoor heating

- Cremation of organic/biological waste or substances

Conventional energies



• Thermal machine (Combustion engine)

Trucks, trains, construction machinery
𝟓𝟎𝟎 − 𝟒𝟎𝟎𝟎𝒄𝒉. 𝑫𝑰𝑵

η~𝟓𝟎%

4-wheels vehicle
𝟏𝟐 ≤ η ≤ 𝟑𝟓%

𝟔𝟓 − 𝟐𝟎𝟎 𝒄𝒉. 𝑫𝑰𝑵
𝟏𝟓 ≤ η ≤ 𝟒𝟓%2-wheels

𝟒 − 𝟏𝟎𝟎 𝒄𝒉. 𝑫𝑰𝑵

Naval transport
𝟏𝟎𝟎𝟎 − 𝟏𝟎𝟎𝟎𝟎𝟎𝒄𝒉. 𝑫𝑰𝑵

η~𝟔𝟎%

Air transport
1𝟎𝟎 − 𝟒𝟎𝟎𝟎𝒄𝒉. 𝑫𝑰𝑵

η~𝟔𝟎%

Conventional energies



• Thermal Machine (Combustion engine)

Electric generator
𝟏 − 𝟐𝟎𝟎𝟎 𝐤𝐖

η~𝟓𝟎%

Conventional energies



Turbomachine is an energy system in which an energy 

transfer take place between a rotating part (rotor) 

and a fluid:

- Driven machines : Turbine (gas, steam, hydraulic)

- generators: pumps (centrifuge, compressor, 

ventilator)

Conventional energies
• Thermal machine (Turbomachine)



• Thermal Machine (Turbomachine)

Reaction airplanes (Civil and Military aviation)
𝟏𝟎𝟎 − 𝟐𝟎𝟎𝟎 𝐤𝐖

η~𝟐𝟎 − 𝟐𝟓%

Conventional energies



• Thermal Machine (Turbomachine)

Gas turbine (Electric power generation)
𝟎, 𝟏 − 𝟑𝟓𝟎 𝐌𝐖
η~𝟐𝟓 − 𝟑𝟓%

Conventional energies



• Thermal Machine (Turbomachine)

Steam turbine (Electric power generation)
𝟏𝒌𝑾 − 𝟏𝟓𝟎𝟎 𝐌𝐖

η~𝟓𝟎%

Conventional energies



• Thermal Machine (Turbomachine)

Combined Cycle gas turbine / cogeneration 
(Electric power generation)

𝟏 − 𝟑𝟓𝟎 𝐌𝐖
η~𝟓𝟎 − 𝟔𝟐%

Conventional energies



• Hydraulic energy (Water turbine) Hydroelectric Power Plant
𝟐𝟎𝒌𝑾 − 𝟏𝟎 𝐌𝐖

Conventional energies



• Power Plants

Coal Power Plant
𝟓𝟎 − 𝟏𝟎𝟎𝟎 𝐌𝐖

Conventional energies



• Power Plants

Gas Power Plant
𝟓𝟎 − 𝟏𝟎𝟎𝟎 𝐌𝐖

Conventional energies
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▪ Nuclear Power Plants (NPP)

~𝟐𝟎𝟎𝑴𝒆𝑽

Fission (+)

Nuclear Fuel (U)
Moderator

Control Rods

slowdown

(+/-)

Absorp.

(-)

Capture

(-)

Conventional energies
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𝟑𝟎𝟎 − 𝟏𝟓𝟎𝟎𝑴𝑾

Conventional energies
▪ Nuclear Power Plants (NPP)

Fuel quantity required to produce 1000Kwh:
350 kg of Coal
250 l of Oil
300 m3 of Natural Gas
4 kg of Enriched Uranium



Global 
Electricity 
production 
by fuel 
source 2022
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