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2. Basic principles of energy and heat

2.1. Definitions of energy, different types of energy, energy units

Energy is defined as the capacity of a physical system to perform work, that creates heat, or light,
that produces a movement.

Energy exists in several forms such as heat, kinetic or mechanical energy, light, potential energy, and
electrical energy:

Heat - Heat or thermal energy is energy from the movement of atoms or molecules. It may be
considered as energy relating to temperature.

Kinetic Energy - Kinetic energy is the energy of motion. A swinging pendulum has kinetic energy.
Potential Energy - This is energy due to an object's position. For example, a ball sitting on a table has
potential energy with respect to the floor because gravity acts upon it.

Mechanical Energy - Mechanical energy is the sum of the kinetic and potential energy of a body.
Light - Photons are a form of energy.

Electrical Energy - This is energy from the movement of charged particles, such as protons, electrons,
or ions.

Magnetic Energy - This form of energy results from a magnetic field.

Chemical Energy - Chemical energy is released or absorbed by chemical reactions. It is produced by
breaking or forming chemical bonds between atoms and molecules.

Nuclear Energy - This is energy from interactions with the protons and neutrons of an atom. Typically
this relates to the strong force. Examples are energy released by fission and fusion.

Power is a physical magnitude (P) and represents the ratio of the energy transferred (or the work
performed by a given force) over a certain interval of time to the magnitude of that range.

The power is one watt when a joule (J) energy is transferred (or a force is operated by a joule) for one
second (s).

Units of Energy

The Sl unit of energy is the joule (J) or newton-meter (N * m). The joule is also the Sl unit of work.
Joule (J) - energy for mass lifting 1 kg per 1 m

Calorie (Cal) - equivalent to 4 180 J - energy to raise the temperature of 1 g of water from 14°C to
15°C at a pressure of 1 atm.

Kilowatt hour (kWh) - Equivalent to 3.6 x 10° J or 1 GJ = 277.777 kWh energy produced or consumed
in kilowatt hours.

Tonne of oil equivalent (toe) - Equivalent quantity of energy produced during the burning of 1 tonne
of oil - 41 868 kJ, which is approximately 42 GJ. This unit is useful if different fuels are compared.

1 toe =11.63 MWh =41.868 GJ
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2.2. Primary and final energy

Primary energy is the energy in nature that is not the subject of transformation processes. It could be
renewable and non-renewable energy. Primary energy is difficult to produce in its natural form (coal,
wood, oil or, for example, wind).

Coal is formed from dead organic plant matter converted into peat. The industrial revolution of the
19th century was made thinks to the coal.This energyisthe most commonly used
worldwide, for electricity in particular. It’s a highly polluting energy, because it’s mostly composed of
carbon, indeed of CO2.

Oil, is a liquid carbonaceous rock, composed of organic materials trapped in the rock. Qil provides
the majority of liquid energies such as fuel, diesel, petrol or LPG. It is the second most used energy in
the world.

Natural gas is an organic gaseous found naturally in porous rocks. Most natural gas is created by two
mechanisms: biogenic and thermogenic. Biogenic gas is created by methanogenic organisms in
marshes, bogs, landfills, and shallow sediments. Deeper in the earth, at greater temperature and
pressure, thermogenic gas is created from buried organic material. The gas comes in third
place among the most worldwide energy used.

Uranium is a radioactive metal that lies deep in the earth and in the earth's crust. Much of these
stocks, however, are unusable. Recently, it has been increasingly used to produce electricity, although
the Fukushima tragedy has slowed down this development. The process is low in CO2, but
radioactive waste is problematic. There is no way to avoid radioactivity in the process and the waste
is buried without full security guarantees. Known resources will be exhausted by 2049

The final energy represents the transformed primary energy in another suitable type: electric,
mechanical, steam, heat. It also includes the transformation losses.

Figurel Transformation of energy sources

Energy content of different engy sources
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Each energy source has different energy content (calorific value).

Energy source Energy content (calorific

value), Q

Natural gas (kg)

13,1 kWh/kg

Natural gas (m3)

9,3 kWh/ m3

Liquefied Natural Gas (kg)

12,55 kWh/kg

Liquefied natural gas (1)

7,3 kWh/I

Oil (kg) 11,75 kWh/kg
oil (1) 10 kWh/I
Wood (kg) 3,88 kWh/kg
Black coal (kg) 5,83 kWh/kg

Anthracite coal (kg)

8,58 kWh/kg

Brown coal (1)

2,9 kwh/l

Table 1Energy content (calorific value)

Example of calculating the energy contenkilowatt hours of natural gas:

1 000 m3 of natural gas =1 000 m3 * 9,3 kWh / m3 =9 300 kWh

CO2 emissions from different types of energy sources:

Transformation | Ecological equivalence
Type of energy source coefficient factor fi
C g CO,/kWh
Natural Gas 1.1 194
LPG 1.1 249
Biogas 0.1 25
Crude ol 1.1 266
Coal 11 291
Anthracite 11 317
Smoke-less fuel 1.2 392
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Double Fuel (mineral and wood) 11 187
Biomass 0.1 25
Electricity from the Grid 2.7 794
Heat from waste 0.05 18
Kerosene 1.1 258
Electricity 2.7 794

Table2 Ecological equivalence

2.3. Energy in households

The electricity or heat energy consumed by a single household or a building is measured and
reported, and this is the basis of the energy bill. For example, an electric meter in the home
measures the electricity consumed, and one heat meter - the heat consumed by the collector or
electronically transmitted if a "smart" measuring device is available.

There are plants that convert one kind of energy into another: for example natural gas in hot water
for heating. This is most effective when centralized, and the resulting energy is distributed across all
rooms in the building. Energy conversion can be more or less efficient, depending on the type of
installation (boiler) and distribution system - radiators and pipe network.

If measures are taken and make significant changes to the transformation system or the energy
distribution system in the building, they will affect the level of energy consumption. For example, if
the boiler is replaced with a more energy efficient, i.e. with a boiler with a higher efficiency and the
distribution network is isolated, then the energy consumption will decrease. This will result from
reduced energy losses, not from lower room temperature or less use of hot water by occupants.

Kilowatt hour (kWh) is the measurement unit that measures energy consumption. To be able to
handle the energy consumed by different energy resources, readings must be in one unit of measure.
Litres, kilograms and cubic meters should be converted into kilowatt hours.
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