
1 

AALTO UNIVERSITY SCHOOL OF CHEMICAL TECHNOLOGY 

KE-40.4120 Introduction to biorefineries and biofuels 

 

 

 

 

 

 

 

 

 

Assignment 8:  
Comparison of gasification,  
pyrolysis and combustion 

 
 

 
 

 

 

 

 

 

 

 

Aino Siirala 

309141 

Assignment submitted 17.11.2013 

 



2 

      Table of contents 
1 Introduction ___________________________________________________ 1 

2 Combustion ___________________________________________________ 1 

3 Gasification ___________________________________________________ 2 

4 Pyrolysis _____________________________________________________ 2 

5 Comparison of combustion, gasification and pyrolysis__________________ 3 

5.1 Processes _____________________________________________ 3 

5.2 Use __________________________________________________ 4 

5.3 Final products __________________________________________ 4 

5.4 Level of technology ______________________________________ 5 

5.5 Conclusion _____________________________________________ 6 

References ______________________________________________________ 6



1 

1 Introduction 
 

Combustion, gasification and pyrolysis are all thermochemical processes to convert 

biomass into energy. In all of them, the biomass is heated to evaporate water and 

then to cause pyrolysis to occur and to produce volatiles. [1] 

 

2 Combustion 
 

Biomass combustion refers to burning fuel in a boiler, furnace or stove to produce 

heat. The heat can be utilized as hot air, hot water, steam or electricity [2]. Wood, 

agricultural residues, wood pulping liquor, municipal solid waste (MSW) and refuse-

derived fuel are examples of feedstocks for combustion. Combustion requires high 

temperatures for ignition, sufficient turbulence to mix all of the components with the 

oxidant, and time to complete all of the oxidation reactions. The moisture content of 

the feedstock should be low and pre-drying may be necessary in some cases. [1] 

 

Biomass combustion starts by heating and drying the feedstock. After all of the 

moisture has been removed, temperature rises for pyrolysis to occur in the absence of 

oxygen. The major products are hydrogen, CO, CO2, CH4 and other hydrocarbons. In 

the end, char and volatile gases are formed and they continue to react independently. 

The volatile gases need oxygen in order to achieve a complete flame combustion. 

Mostly CO2 and H2O result from complete combustion. The solid char burns as well, 

resulting CO and CO2. [1] 

 

When combusting biomass in a furnace, hot gases are released. They contain about 

85% of the fuel’s potential energy. The heat can be used either directly or indirectly 

through a heat exchanger, in the form of hot air or water. [2] 

 

Boiler used for biomass combusting transfers the produced heat into steam. The 

steam can be used for producing electricity, mechanical energy or heat. [2] 

 

 



2 

3 Gasification 
 

By gasification, the biomass is broken down into combustible gas, volatiles and ash. 

A partial oxidation can be obtained with air, O2, H2O or CO2, for example. There are 

many gasification technologies which differ in the gasification agent used or the type 

of reactor [1]. All kinds of waste (MSW, agricultural and crop residues, etc) can be 

utilized as a feedstock. [3] 

 

Gasification is carried out in two steps. First, the biomass is heated to around 600 

degrees. The volatile components, such as hydrocarbon gases, hydrogen, CO, CO2, 

H2O and tar, vaporize by various reactions. The remaining by-products are char and 

ash. For this first endothermic step, oxygen is not required. [3] 

 

In the second step, char is gasified by reactions with oxygen, steam and hydrogen in 

high temperatures. The endothermic reactions require heat, which is applied by 

combusting some of the unburned char. [3] 

 

Main products of gasification are synthesis gas, char and tars. The content depends 

on the feedstock, oxidizing agent and the conditions of the process. The gas mainly 

consists of CO, CO4, H2O, CH4 and other hydrocarbons. The synthesis gas can be 

utilized for heating or electricity production. It can also be used for the production of 

ethanol, diesel and chemical feedstocks. [3] 

 

4 Pyrolysis 
 

In pyrolysis, biomass is heated in the absence of air. The process results liquid, solid 

and gaseous fractions, mainly gases, bio-oil and char. The gases and the bio-oil are 

from the volatile fraction of biomass, while the char is mostly the fixed carbon 

component. [1] 
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In the first step, temperature is increased to start the primary pyrolysis reactions. As a 

result, volatiles are released and char is formed. Finally, after various reactions, 

pyrolysis gas is formed.  

 

The main product of slow pyrolysis, a thousands of years old process, is char or 

charcoal. In slow pyrolysis biomass is heated to around 500 degrees for 5 to 30min.  

 

Fast pyrolysis results mainly in bio-oil. The biomass is heated in the absence of 

oxygen and the residence time is 0,5 to 5s. Vapors, aerosols and char are generated 

through decomposition. After cooling, bio-oil is formed. The remaining 

noncondensable gases can be used as a source of energy for the pyrolysis reactor. 

Calculated by weight, fast pyrolysis results in 60%-75% liquid bio-oil, 15%-25% 

solid char, and 10%-20% noncondensable gases. [1] 

 

Bio-oils may need to be upgraded by for example filtrating particulates and alkali 

metals or lowering the oxygen content. The main advantage of bio-oil is the easy 

transportation. It can be used as a source of fuel in combustion boiler or refined into 

transportation fuels. [1] 

 

5 Comparison of combustion, gasification and pyrolysis 
 

5.1 Processes 

 

Combustion occurs with sufficient oxygen to completely oxidize the fuel. 

Gasification occurs with insufficient oxygen or steam, so that complete oxidation 

does not occur. Pyrolysis occurs in the absence or oxygen. [3] 

 

The typical temperature range for combustion and gasification is 800 to 1200 degrees 

and for pyrolysis 350 to 600 degrees. [3] 

 

Gasification occurs at lower temperatures than combustion. Therefore, gasifiers can 

have longer lifetimes and lower maintenance costs than combustion plants. Also, air 
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emissions are lower as nitrogen and sulfur oxides are created only at higher 

temperatures. [3] 

 

5.2 Use 

 

Combustion is usually carried out in a boiler to generate steam, which is used for 

electricity production by steam turbine. Heat produced by combustion can be utilized 

for industrial processes, space heating or water heating, for example. If only these are 

the desired uses, combustion may be the most economical way to produce heat 

among the three thermochemical methods.  [3] 

 

The gas produced by gasification can be generated into electricity with reciprocating 

engines, gas turbines or fuels cells. By these methods, the electrical efficiency is 

greater than by steam turbine. Also, a very efficient method, integrated gasification 

combined cycle, is a feasible way to generate electricity from gas. As gaseous fuels 

can be distributed by pipeline from the plant to elsewhere, gasification gases can be 

utilized as heat and power. Purified synthesis gas can be converted into chemicals 

and thus is an important feedstock for chemical industry [4]. [3] 

 

Bio-oils received by pyrolysis can be used as a source of fuel in combustion boiler, 

refined into transportation fuels or used as a chemical feedstock. Bio-oil is easier to 

transport than synthesis gas but difficult to storage for long terms due to its 

corrosiveness. [3] 

 

Gasification and pyrolysis produce char, which can be used as a soil amendment, 

precursor to activated carbon, or burned. By slow pyrolysis, more char can be 

obtained than by gasification. [3] 

 

5.3 Final products 

 

The principle product of combustion is heat. Gasification produces heat and 

combustible gas, while pyrolysis produces bio-oil, gases and heat as principle 
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products. Also, char is produced by pyrolysis and gasification. The contents of the 

products of fast pyrolysis and gasification are introduced in the Table 1. [3] 

 

Table 1. Predominant Components of Products from Fast Pyrolysis and 
Gasification [3] 
 Oil and Tars,             Char  

Water (Liquid)          (Solid) 
                        

Product Gas 

Fast pyrolysis 
Medium 
temperature, 
T=~500oC 
Short residence 
time (<2 s) 
 

60% to 70% 10% to 15% 10% to 25% 

Gasification 
Higher temperature, 
T>800oC 

Up to 20%1 Up to +20%2 ~85% 

 
1. Updraft gasifiers produce 10% to 20% tar, while tar content from downdraft gasifiers is low. 
2. Downdraft gasifiers produce 20% or more char, while char content from updraft gasifiers is low. 
 

5.4 Level of technology 

 

Combustion technologies are long known and widely used. [3] 

 

Biomass gasification is a mature technology and the product gas has been used in 

boilers and furnaces for a long time. However, generating electricity from the gas by 

engines, turbines and fuel cells has not been possible until recently. The difficulty 

has been removing tars from the product gas. To date, tar removal technologies have 

been successfully demonstrated and biomass gasification for generation of heat and 

power is already commercialized. [5] 

 

Pyrolysis technologies are newer and not that widely used as gasification and 

combustion. There are just a few demonstration projects and not much of 

manufactures of pyrolysis reactors. [3] 
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5.5 Conclusion 

 

Combustion, pyrolysis and gasification have many similarities and the products 

produced can be same but in a different ratio. When choosing the most suitable 

mechanism for energy production, the desired final products and end uses are to be 

taken into account. For example, if the end use is for transportation fuels, power and 

heat or electricity generation. And whether the desired final product is gas, char, oils 

or only heat, is to be considered. 
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