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Course description
•Forms of energy. Development of energy, sources and energy

needs. Petroleum. Coal, oil shale and tar sand. Natural gas

and hydrogen power. Principles of nuclear power. Methods of

extracting energy from oil shale. Introduction to combustion

process and combustion systems. Conversion of thermal

energy into mechanical energy, including power, and heat

engine cycles, internal and external combustion systems and

turbines. Conversion of thermal energy into electrical energy

including thermoelectric converters, thermoelectric systems.

Electric generators and alternators, solar and fuel cells.

Verification where possible.
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Historical background

• Most automobile
manufacturers were
satisfied to manufacture
engines that had evolved
from those produced
twenty years earlier, some
of which boasted 400
horsepower and consumed
a gallon of leaded gasoline
every eight or nine miles.
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there is no single nor simple 

solution



Energy cycle

• The energy cycle concerns energy

evolution in its passage from natural

availability to the most suitable form for

end use.
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• line (a) . It is therefore shown how 

some sources of primary energy 

are directly employable for end 

use.

• Examples:

• 1. The natural gas or coal used 

for domestic heating, 

• 2. The wind energy or 

hydropower directly used in mills 

since ancient times, 

• 3. The wind energy used for 

sailing purposes
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• More often, the forms of energy available in 

nature must be adapted to the demand 

coming from end users that is, to say 

transformed and/or converted.

• In this way, a passage occurs from 

primary forms (i.e., the potential chemical 

energy contained in liquid hydrocarbons) 

to secondary forms (line (b); i.e.: oil 

refining products) and they are directly 

employed for end use (line (c)).

• The portion not used is generally released 

into the environment. (waste energy)
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• In other cases, some primary sources 

(line (d)), such as natural gas and coal, or

• secondary sources, can supply the 

thermoelectric plants that generate 

electric power (line (e)). 

• In turn, the latter is employed by end 

users (line (f));

• in this final process of the cycle, energy 

allows the achievement of the desired 

useful effect,
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In this chart, particular attention is paid to electric power, due to its

peculiarity and the priority it is gaining in the entire energy framework,

compared to the other

forms of energy used.

‘‘secondary energies’’ those types of energy that

allow to transfer energy in space or in time, with a view to make it

available

wherever and whenever needed. In this framework, the name energy

vector is

ascribed to this type of function.



Energy and Power

• Energy, according to the most widespread

definition, is the capacity of a system to do

• work.

• As regards the unit of time, power is similarly

defined.
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Energy problem’

• The ‘‘Energy Problem’’ consists in

making energy available at the place, time

and conditions requested by users; and

this for the entire time needed.
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Natural Forms of Energy
• The forms of energy presently used are the following:

• • Chemical

• • Electrical

• • Electromagnetic

• • Mechanical

– – Kinetic

– – Potential and pressure

• • Nuclear

• • Thermal
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1. Chemical Energy

• It is in born in the bond strengths existing at a 

molecular and atomic level in some particular 

substances.

• The chemical energy that is mainly used is the 

one contained in fossil 

• fuels.
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2. Electric Power
• This form of energy, utterly linked to the development of the human

society, is produced by the movement of free electrons in conductors.

• The electric power available in nature (for example through the

phenomenon of thunderbolts) is not directly exploitable at the present

state of technology; it is therefore necessary to produce electricity

artificially, converting other forms of energy available in nature into

electric power.
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3. Electromagnetic Energy
• Linked to the interaction between electric

and magnetic fields, it is a kind of energy

conveyed without the support of any

physical means, and therefore also in

vacuum, where it is practically free from

dissipation phenomena.

• In nature it is mainly present in solar

radiation, which predominantly provides for

the energy supply of our planet.
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4. Mechanical Energy

• It is available in nature in two different 

forms: potential and pressure, and kinetic.
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4.a. Potential Mechanical Energy

• It derives from the gravitational pull acting on the Earth; it is owned by

bodies at rest and depends on the position (‘‘height’’) that they have in that

pull, in relation to a conventional position which is ascribed the reference

potential energy content.

• The water stored in a basin, for instance, has a potential energy

proportional to hits height, h, compared to a reference point (i.e., the

discharge of a turbine downstream).
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4.a. Potential Mechanical Energy

• A potential energy is also pressure energy, strictly linked to the

homologous status variable. Also in this case, the reference to a

hydraulic example can be useful, in the sense that there is always a

component of this form of energy in a moving fluid.
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4.b. Kinetic Mechanic Energy

• It is linked to the movement of bodies (solid, liquid, and gaseous

bodies); it is owned, for instance, by the wind (in this case, wind

energy), by the water of rivers (hydropower) and by the sea (energy

of wave motion, tides), etc.
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5. Nuclear Energy

• The tremendous amount of energy associated with the strong 

bonds within the nucleus of the atom itself.
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6. Thermal Energy

• Energy of motion occurs within an object as its atoms and

molecules vibrate randomly.

• Thermal energy is the unorganized energy of motion of

vibrating objects too small to see.

• The faster the atoms and molecules in a substance vibrate,

the more thermal energy the substance has and the higher

its temperature.

• An example of thermal energy available in nature is

geothermal energy.
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Law of Conservation of Energy

Requires that no energy can be lost.

The total amount of energy put into a conversion process

must equal the total amount of energy out.

However, during each energy conversion some energy is

converted into a form other than the form you desire.

Energy converted into an undesirable form is called

Wasted Energy.
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Energy Availability in Nature

•The analysis of energy availability in nature

starts from the global energy cycle of the

system in which human beings operate the

Earth system.
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•Comparative scales of some energy related

measurements (from [1])
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Power and Energy
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