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Combustion definition

Combustion is essentially burning, fuels react with oxygen to release energy

Certain fuel/oxygen ratios

Low humidity
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Combustion

Respiration is the chemical reaction in which energy is released from a reaction between 

Oxygen (O2) and Glucose (C6H12O6) Respiration releases energy for cells from glucose

Maintain body temperature

~37οC

Store energy

Instant release

~1900οC
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Combustion in biology

Not combustion, but same main emissions CO2 and H2O
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Combustion in biology
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Combustion history

Uncontrolled
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Combustion history

Controlled
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Combustion in transports
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Combustion in our lifes

Combustion of hydrogen

Combustion of diesel fuel Combustion of jet fuel

• Transport

Combustion of maritime diesel
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Combustion in our lifes

• Cooking wood; e.g. Africa

Emission to indoor environment
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Combustion in our lifes

Combustion of natural gas Combustion of wood/pellets

• Cooking; Thermal comfort

Most emission to outdoor environment
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Combustion in our lifes

Combustion of coal

Combustion of natural gas

Combustion of diesel

• Generation of electricity
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Combustion in our lifes

Combustion of coal

Combustion of natural gas

• Generation of electricity

Combustion of biomass
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Combustion in our lifes

• Waste disposal/Incineration
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Combustion in our lifes

• Waste disposal up to 1000 kg/capita/year
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Combustion in our lifes

• Waste disposal

@http://web.mit.edu/urbanupgrading/urbanenvironment/resources/references/pdfs/

MunicipalSWIncin.pdf
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Combustion in our lifes

• Waste incineration and energy generation

Osaka, Japan

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/221036/

pb13889-incineration-municipal-waste.pdf
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Combustion in our lifes

• Waste incineration and energy generation

@http://iet.jrc.ec.europa.eu/remea/sites/remea/files/r1_climate_factor_report_final.pdf
Energy recovery Efficiency in Municipal Solid Waste-to-Energy plants in relation to local climate conditions

Denmark: around 31 Waste-to-Energy plants, with an average capacity of 120,000 t/y; 

100% CHP Waste-to-Energy plants -

Netherlands: 12 Waste-to-Energy plants, with an average capacity of 620,000 t/y; 100% 

CHP Waste-to-Energy plants (2011 data) -

Germany: 71 Waste-to-Energy plants, with an average capacity of 250,000 t/y; 71.8% (= 

51/71) of CHP Waste-to-Energy plants -

France: 130 Waste-to-Energy plants with an average capacity of 100,000 t/y 27.7% (= 

36/130) of CHP Waste-to-Energy plants; 

Italy: 50 Waste-to-Energy plants with an average capacity of 100,000 t/y; 11 (22%) CHP 

Waste-to-Energy plants: All CHP are among the 29 plants in Northern Italy (none in 

the 24 plants in Central and Southern Italy). (2010 data, Federambiente) -

Spain: 10 Waste-to-Energy plants with an average capacity of 220,000 t/y; 1 CHP Waste-

to-Energy plant; 10% of CHP Waste-to-Energy plants -

Portugal: 3 Waste-to-Energy plants with an average capacity of 350,000 t/y; 0 (0%) CHP 

Waste-to-Energy plants (all generating electricity only)
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Combustion in our lifes

• Product manufacturing
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Combustion in our lifes

• Product manufacturing

Combustion
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Combustion in our lifes

• Product manufacturing

Energy can either be supplied by direct 

combustion of gas in the productive machines, 

or indirectly through production of steam or 

hot water
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Combustion in our lifes

• Product manufacturing

Electricity

Heat

Combustion emissions

Raw material

Product

Factory

Wastes
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Combustion in our life

• Product manufacturing

Combustion
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Combustion in our lifes/uncontrolled
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Combustion in our life/uncontrolled
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Combustion in our lifes
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Combustion use in the world
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Combustion use in the world

Combustion

No

Combustion

Combustion
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Combustion use in the world
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Combustion in the world
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Combustion in the world
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Combustion problem

1 toe = 41.868 GJ or 11.63 MWh
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Combustion problem

Why do we have emissions???
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Combustion problem

1 toe = 41.868 GJ or 11.63 MWh

1 toe ~ 2.5 tCO2
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Combustion problem

Specific Carbon Dioxide Emissions of Various Fuels
© 06/2015 by Volker Quaschning
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Combustion problem

Transports, local emissions
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Combustion problem

Specific Carbon Dioxide Emissions of Various Fuels
© 06/2015 by Volker Quaschning

PM10;PM2.5
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Combustion problem

SO2
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Combustion problem

NO2, NO

Typically 

called

NOx

2 ordens de grandeza abaixo do CO2
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Combustion in the world
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World CO2 emissions by sector in 2013 Note: Also shows allocation of electricity and heat 

to end-use sectors. * Other includes agriculture/forestry, fishing, energy industries other 

than electricity and heat generation, and other emissions not specified elsewhere. 

Combustion in the world
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Future goals

• Increase efficiency

• Reduce emissions

Avoid combustion in some 

sectors, e.g., transport
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Combustion definition

Combustion is essentially burning, fuels react with oxygen to release energy (heat 

or both light and heat)

Combustion transforms energy stored in chemical bonds to heat that can be 

utilized in a variety of ways

C3H8 

hydrocarbon
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Thermochemistry

���� + ���	�
�� → 
��	����

Generic 

hydrocarbon 

CxHyOz

O2 or air

Air composition

21% O2 and 79% N2 

(by volume)

CO2, H2O and N2
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Flame types

• Flame

• Nonflame

• Premixed

• Nonpremixed (difusion)

Fuel and oxidizer are mixed at the 

molecular level prior to the occurrence of 

any significant chemical reaction

• Laminar 

• Turbulent
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Combustion modes

• Flame e.g. 

petrol engine

• Nonflame

e.g. Diesel engine autoignition or homogeneous 

charge compression by high pressure 

https://www.youtube.com/watch?v=9nCr3h0-eV8
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Flame types

Nonflame combustion

Nonpremixed (difusion) flame

Flame combustion

Premixed flame Nonflame combustion

Premixed flame

Internal 
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Flame types

External

combustion 
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Flame types

Candle

Fuel: wax

Oxidizer: air

Reaction zone between wax vapours and air 

(difusion flame) 
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Flame types

No gravity

Gravity

You get a blue gas flame when you have 

enough oxygen for complete combustion
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Flame types

Spark ignition engine

Fuel: gasoline, ethanol, GPL or 

natural gas

Oxidizer: air

Reaction zone between 

premixture and air (premixed 

flame) 

Turbulent burning velocity average rate of 

propagation of the flame through the turbulent 

premixed gas mixture
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Thermochemistry

���� + ���	�
�� → 
��	����

 
 
 
 
 
       
 
           
 
 

Air 

Fuel 

Products 
Tin 

Tout 

Combustion 
Chamber 

Qout 
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Thermochemistry

���� + ���	�
�� → 
��	���� Air composition

21% O2 and 79% N2 

(by volume)

������ + � 0.21�� + 0.79�� → ���� +  /2��� + 0.79 ∗ ���

λ=

#

$
#

$ %

excess air coefficient

φ=
&

�
equivalence ratio

e(%)=

#

$
'

#

$ %
#

$ %

*100%=
&'�
�

= excess air in %

λ<1 No sufficient air; fuel is not completely burned

λ=1 Exact amount air, fuel is completely burned

λ>1 Excess air; fuel is completely burned
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Thermochemistry

���� + ���	�
�� → 
��	���� Air composition

21% O2 and 79% N2 

(by volume)

������ + � �� + 3.76�� → ���� +  /2��� + 0.79 ∗ ���

Right amount of oxidizer to burn all fuel? 

1) Determine n,

2n+z=2x+y/2 ⇔ n=x+y/4-z/2

2) Determine mass air/mass fuel (A/F)s this is the stoichiometric air fuel ratio

Reactants

*+�� +��

*+�� ����
=

� ∗ (/0� + 3.76/1�)

/��
=

(� +
 
4

− 
/2) ∗ (/0� + 3.76/1�)

/��
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Thermochemistry

P#1 Consider the combustion of CH4 in air, determine:

a) The stoichiometric ratio;

b) Molar fractions of combustion products with 15% excess air.
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Thermochemistry

P#2 A combustion chamber burns propane, C3H8 with excess air. Dry analysis 

(excluding water) of combustion products was: 2%O2, 12.4% CO2 and 85.6% N2. 

Determine:

a) The excess air.

b) The coefficient of air excess.

c) The equivalence ratio.



Thanks




