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What is energy?
Energy is defined as the ability to do work

ÅThis work can be of many different types, everything 

from moving electrons, holding atoms together to making 

things heat up 

ÅCorrespondingly there are many forms of energy

ÅNuclear binding energy, heat, kinetic energy, potential 

energy, rotational energy and much more



More on energy
Energy is the most fundamental concept in 
physics and is present everywhere in some 
form 

Albert Einstein showed in 1905 in his work 
on the special relativity theory that mass is 
equal to energy in the famous equation:

E = mc2



Units
Many units are used for measuring energy 

The most common are:

Joule [1 J = 1 Nm = 1 kg*m2/s2] 

BTU (British Thermal Unit = 1 055.05 J)

kWh (Kilo-Watt-hour = 3.6 MJ) 

eV (electron volt = 1.602*10-19 J)

cal (Calorie = 4.1868 J)

toe (ton of oil equivalent = 42 GJ) 



Energy is conserved

ÅFrom thermodynamics it can be shown that 

energy cannot be destroyed, only changed

ÅThus the amount of energy is conserved, but 

can change form 

(However, there are some quantum mechanical 

processes that can violate the conservation of 

energy during short periods of time)



Energy changes

Energy changes in hydroelectric power stations:

Potential energy Ÿ Kinetic energy Ÿ Electricity



Energy for humans

Mankind is interested in two forms of energy 

Electricity Heat



Why thesetwo?

ÅHeat is easy to produce and essential for a 

comfortable life 

ÅElectricity is harder to produce, but can be 

transferred over long distances and easily 

transformed into many other kinds of energy

ÅElectricity is a very flexible energy form 



Heat generation

ÅPrimarily made from combustion of various 

fuels like wood, waste, coal, peat, natural 

gas, heavy fuel oil

ÅHeat can be transformed into mechanical 

work in different types of heat engines

ÅMost famous is Watts steam engine that 

lead to the industrial revolution 



Combustion reactions

ÅFuel is oxidized, thus rearranging the 

molecular bonds and releasing energy

ÅOften carbon-based fuels, due to the 

high energy release from the strongly 

bound final products 



Heat engines

Converts thermal energy into mechanical:



Heat engines part 2
Phase change cycles: 

Rankine motors (steam engines & turbines)

Gas only cycles:

Carnot, Diesel, Otto (gasoline motors), Miller 

Brayton (gas turbines) 

Lenoir (pulse jet)

Other cycles:

Stirling motors

Ericsson engines



Heat transmission

ÅHeat is hard to transfer over long 

distances due to high losses 

ÅHeat is therefore used near the place 

where it was produced 

ÅFor instance in district heating systems 

and domestic oil boilers  



District heating pipes

Thermal insulation is needed to avoid losses 



Electricity generation

ÅMostly generated by turbines and 
generators 

ÅThe turbine transform mechanical energy 
into electric energy by electromagnetic 
induction 

ÅIt is also possible to generate electricity 
directly from light in photovoltaic cells or 
different thermoelectric devices 

ÅThere efficiency is sadly very low 
compared to turbines and generators 



Turbines & Generators

Steam turbine: 

Transforms kinetic 
energy of moving 
fluids into rotary 
motion

Generator:

Transforms rotation 

into electric energy 

through induction


