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 Πανεπιστήμιο Δυτικής Μακεδονίας 

Άδειες Χρήσης  

• Το παρόν εκπαιδευτικό υλικό υπόκειται σε άδειες 
χρήσης Creative Commons.  

• Για εκπαιδευτικό υλικό, όπως εικόνες, που υπόκειται 
σε άλλου τύπου άδειας χρήσης, η άδεια χρήσης 
αναφέρεται ρητώς.  

 

 

2 



 Πανεπιστήμιο Δυτικής Μακεδονίας 

Χρηματοδότηση 
• Το παρόν εκπαιδευτικό υλικό έχει αναπτυχθεί στα πλαίσια 

του εκπαιδευτικού έργου του διδάσκοντα. 

• Το έργο «Ανοικτά Ψηφιακά Μαθήματα στο Πανεπιστήμιο 
Δυτικής Μακεδονίας» έχει χρηματοδοτήσει μόνο τη 
αναδιαμόρφωση του εκπαιδευτικού υλικού.  

• Το έργο υλοποιείται στο πλαίσιο του Επιχειρησιακού 
Προγράμματος «Εκπαίδευση και Δια Βίου Μάθηση» και 
συγχρηματοδοτείται από την Ευρωπαϊκή Ένωση  
(Ευρωπαϊκό Κοινωνικό Ταμείο) και από εθνικούς πόρους. 
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Definitions and  
Types of Biomass (1/4) 

ASTM/1981 
Biomass is any organic matter that is available in a renewable 
base, including the energy crops, forest byproducts or residues, 
agriculture wastes or residues, manures, biodegradable fraction of 
MSW and the aquatic plants. 
Based on the above definition, biomass is also considered: 
• the products, byproducts and the residues of agriculture,  
• forest and livestock production, 
• the byproducts, from the industrial treatment of the above  

products. 
• Municipal sewages and wastes and 
• the organic matter from natural ecosystems, e.g. native plants,  
• forests, agricultural or forest plantations. 
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Definitions and  
Types of Biomass (2/4) 
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Definitions and  
Types of Biomass (3/4) 

The renewable biomass deposits are classified in 4 categories 

depending on their sources: 

Wastes Plant crops. 

  Animal production. 

  Processing of agricultural products. 

  Crop residues. 

  Wood industry . 

  Municipal waste. 

Forest Wood. 

biomass Forest wood residues (hulls, leafs and sawdust) . 

  Τrees, bushes and forest cycle residues. 
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Definitions and  
Types of Biomass (4/4) 

Energy  short cycle forest crops 
crops  leafy forest crops 
  annual non-woody crops 
  cereals 
  sugar crops (beets, sorghum, sugar cane) 
  forage crops (pastures) 
  oilseed crops (rapeseed, soybean, sunflower) 
  aquatic plants (algae, reeds, aquatic hyacinth)  
 

 
 
 
 
 

  Ayhan Demirbas, Energy Conversion and Management 2001 
 

7 



 Πανεπιστήμιο Δυτικής Μακεδονίας 

Availability –  
Share in the Energy Mix (1/12) 

Annual World Biomass Potential: 146.000.000.000 tn. 
 
Energy Content:  8 MJ/kg (wet biomass).  
            20 MJ/kg (dry biomass)  (~27 MJ/kg 
coal). 
      (~30 MJ/kg crude 
oil). 
 
80.000.000.000      (8 x 1010)      tn of 
equivalent coal. 
72.000.000.000      (7,2 x 1010) toe (1 toe = 
4,19 x 1010 J) . 
3.000.000.000.000.000.000.000   (3 x 1021)  Joule. 
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Availability –  
Share in the Energy Mix (2/12) 

• Only 2 % of this huge energy potential is used today. 
 
Share in world energy consumption:  
 
(World energy consumption: 1,1 x 1010 tce, 1,0 x 1010 toe, 0,4 x 1020 Joule). 

 
Developed countries (50 % world population) :    3 % 
Developing countries (50 % world population) :   35 % 
Total world energy consumption :                  14 % 
  

 
       Ayhan Demirbas, Energy Conversion and Management 2001. 
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Availability –  
Share in the Energy Mix (3/12) 

The energy conversion of the total potential of biomass is not 
feasible in a renewable manner. 

 

 

 

 

 

 

Biomass can provide 50 % of world energy consumption. 

(United Nations Conference on Environment and Development). 
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Availability –  
Share in the Energy Mix (4/12) 

 World  
 Annual      Exploitable World  Energy from 
 Biomass   Biomass   Energy  Biomass 
 Potential                  Potential    Consumption Today 
 
MWh  830 x 109   58 x 109   112 x 109  17 x 109 

 
 
 
 
 
 
 
 
 
       
      Biomass Potential 
 
  Ayhan Demirbas, Energy Conversion and Management 2001. 
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Availability –  
Share in the Energy Mix (5/12) 

The potential of renewable biomass is classified accordingly: 
 
Wood and Wood residues 64 % Municipal Wastes 24 % 
Agriculture wastes/manures   5 % Landfill gas    5 % 
 
 
 
 
      

                                                                          Biomass Potential 

 
Ayhan Demirbas, Energy Conversion and Management 2001. 
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Availability –  
Share in the Energy Mix (6/12) 
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Availability –  
Share in the Energy Mix (7/12) 

In EU-15: 
 2000 
 Total Energy Consumption 13.90 109 MWh. 
 Biomass Energy  0.55 109 MWh (4 %). 
 
 2020 
 Total energy consumption 17.0 109 MWh. 
 Biomass Energy  1.7 109 MWh  (10 %). 
   
  wastes   0.4 – 0.6 109 MWh. 
  crops   0.1 – 0.8 109 MWh. 
  forestry biomass 0.3 – 0.4 109 MWh. 
 

Andre Faaij, Energy Policy 2006. 
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Availability –  
Share in the Energy Mix (8/12) 

 
 
 
 
 
 
 
  
 

 
 

 
 

Scenarios of biomass share in the EU-15 at 2020. 
Andre Faaij, Energy Policy 2006. 
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Availability –  
Share in the Energy Mix (9/12) 
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Availability –  
Share in the Energy Mix (10/12) 
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Availability –  
Share in the Energy Mix (11/12) 
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Availability –  
Share in the Energy Mix (12/12) 

19 



 Πανεπιστήμιο Δυτικής Μακεδονίας 

Biomass Energy  
Conversion Technologies 
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Biomass Composition 
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Heating Value of Biomass 
High Heating Value (HHV) of ash free dry biomass is 
calculated from the relationship: 

 

HHV = 33890,4 x C + 144180,6 x (H – O/8) kJ/kg. 

 

Low Heating Value (LHV) of ash free dry biomass is 
calculated by HHV subtracting the latent heat of 
condensation of steam, produced by the combustion 
(steam produces heat when it condenses equal to 40,7 
kJ/mole of steam). 
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BIOMASS COMBUSTION 
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Biomass Combustion 
 • The most established way to convert biomass to heat and 

electricity. 
• Concerns the 90 % of energy production from biomass worldwide. 
• Commercialized technology. 
• Compared to other thermochemical methods 

(gasification/pyrolysis) is the most simple technique and can easily 
incorporated in the existing energy production and distribution 
network. 

• Research is focusing on the optimization of achieved efficiencies, 
the reduction of installation and operation costs and on the 
reduction of gaseous pollutants in order to remain a competitive 
technology compared to gasification and pyrolysis. 

• The co-combustion of biomass and coal consists a high efficient and 
environmental friendly alternative solution. 
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Biomass as a fuel 
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Combustion 
 Technologies: 

•  Fixed bed combustion. 

•  Fluidized bed combustion. 

•  Dust combustion. 
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Fixed Bed Combustion (1/4) 
Primary air is passing through the fixed bed, where the 
following processes are taking place: 

- Drying of raw material. 

- Gasification and,  

- combustion of the solid residue (charcoal). 

The effluent gases from the gasification step are oxidized 
with excess air (secondary air), which is fed from the top of 
the bed. 

Screen burners are appropriate for biomass with high water 
content, variable particle size and high ash content. 
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Fixed Bed Combustion (2/4) 

• Design and control concern the homogeneous fuel distribution, 
and the adequacy of primary air in the whole bed. 

• An inappropriate design can lead to the melting of combustible 
constituents (pyrolysis), to the production of flying ash and to the 
increased need for excess oxygen (air).  
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Fixed Bed Combustion (3/4) 
 

Available Technologies: 
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Fixed Bed Combustion (4/4) 

 Screw Feed Burners: 

 

     A Fuel Entrance.  

     B Primary Combustion Chamber. 

     C Secondary Combustion Chamber. 

     D Boiler. 

     E Treatment of combustion gases. 

     F Ash removal. 

     G Exit of effluent gases. 

•  Feasible and safe technology for small/ medium burners up to 5 MWth. 

•  Fuels with low ash content (wood, pellets) and low particle size (50 mm) . 

•  For fuels with high ash content, an efficient removal system is required. 
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Fluidized Bed Combustion (1/3) 
Fluidized Bed Burners: 

• Self-mixed suspension of gas-solid mixture during the supply of 
primary air from the bottom of the bed (1-2,5 m/s). 

• The bed is consisted by 90 – 98 % from a heated and inert solid 
(silica sand or dolomite, 1 mm particles diameter). 

• The intensive mixing and heat transfer favor the complete  
combustion even at low excess air. 

• Combustion temperature is sustained at low levels (800-900°C) in 
order to avoid sintering, through internal heat exchangers, hot 
gases recirculation, or water injection.   

• Due to the intensive mixing conditions, a fuel mixture can be also 
used as a feed (wood and straw). 
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Fluidized Bed Combustion (2/3) 

 

 

 

 

• Appropriate for >20 MWth. 

• Air velocity to achieve 
fluidization 1.0 έως 2.5 m/s. 

• The inert bed should first 
heated before the fuel 
entrance. 

• Flexibility in water content. 

• Able for biomass-coal co-firing. 
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Fluidized Bed Combustion (3/3) 
 Recycled Bed Burners: 

• With an increase in the fluidization  
velocity from 5 - 10 m/s and use of  
smaller particles (0.2 to 0.4 mm) the 
bed is drifted from the gaseous 
stream and the particles are collected 
to a cyclone ana are re-fed to the 
bed. 

• Higher turbulence favors the better 
transfer of heat and the 
homogeneous  distribution of 
temperature along the whole bed. 

• High efficiencies. 
• High cost, economic viability for 

applications higher than 30 MWth. 
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Dust Burners 
 Dust Burners: 

• Appropriate for dusty fuels (> 2 mm). 
• Particles are sprayed with primary 

air. Possible explosive spots  (fuel 
feed control). 

• Air-fuel mixture is entered in the  
combustion chamber. 

• High heat release rate. 
• Flexibility in feed loadings. 
• For applications between 2 - 8 MW. 
• Ash is drifted and settles in a 

chamber  after the combustion 
chamber. 

• Low air excess. 
• Control of fuel residence time. 
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Combustion Efficiency (1/2) 
100 % efficiency means that the burner is converting the overall 
fuel enthalpy (heat content) – this is not feasible. 

The most common combustion processes achieve an efficiency 
from 10 -95 %.  

Efficiency is calculating assuming complete combustion and is 
depending from : 

  Fuel chemistry (composition). 

  Temperature of combustion gases. 

  Ο2 or CO2 concentration at the effluents. 
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Combustion Efficiency (2/2) 
 Efficiency is increasing with an increase : 

– in reactants temperature, 

– in reactants concentration, 

– in contact time, 

– in contact surface, 

– in fuel LHV. 
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Biomass Energy  
Conversion Technologies (1/4) 
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Biomass Energy  
Conversion Technologies (2/4) 

       Co-Combustion 
      Overall Efficiency 

Biomass / Coal / Natural Gas   5 – 20 MWe 30 – 40 %  

        

Chopped biomass is co-fed with coal or lignite. Solids are sprayed with 
natural gas in nozzle-type burners. 
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Power Generation  
in Rankine Heat Engines (1/6) 

Rankine thermal engines are the well known steam turbines 
which are used in steam-electric power plants.  

1. Water is supplied through a pump, which consumes work (Win), 
in order to enter the boiler under high pressure - the efficiency of 
the pump is usually 90%. 
2. Water absorbs heat (Qin) inside the boiler and is converted to 
superheated steam at the pressure developed by the pump. 
3. Superheated steam, under pressure, is expanded inside the 
turbine to produce electric work (Wout) through the electric 
generator to which it is connected - the efficiency of the turbine is 
90% and saturated steam exits at the pressure of the condenser. 
4. where it is converted to saturated liquid, at the same pressure, 
yielding heat to the environment (at 25oC).  
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Power Generation  
in Rankine Heat Engines (2/6) 
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Power Generation  
in Rankine Heat Engines (3/6) 

State 1: Saturated water at temperature T1 and pressure P1 - the 
temperature T1, in most advanced turbines, is 15oC above the 
ambient temperature, to ensure a sufficient rate of heat transfer 
and the pressure P1 is the saturation pressure at this temperature 
(if the environment is at 25oC the temperature T1 is 40oC and the 
saturation pressure is P1 = 7,384 kPa). 
State 2: Pressurized water at temperature T2 = T1 and pressure P2 - 
the pressure P2, in the most advanced turbines, is 30 Mpa. 
State 3: Superheated steam at temperature T3 and pressure P3 = 
P2 - the temperature T3, in the most advanced turbines, is 650oC. 
State 4: Saturated mixture of liquid - vapor (vapor fraction ranges 
between 80 and 100%) at a temperature T4 = T1 and pressure P1 = 
P4. 
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Power Generation  
in Rankine Heat Engines (4/6) 
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Power Generation  
in Rankine Heat Engines (5/6) 
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Power Generation  
in Rankine Heat Engines (6/6) 
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Biomass Gasification 

45 



 Πανεπιστήμιο Δυτικής Μακεδονίας 

 

Gasification (1/2) 
 Thermochemical conversion of solid or liquid fuels to biogas with: 

 Air     (exothermic). 
 Pure oxygen   (exothermic). 
 Steam/air mixture   (autothermal or endothermic). 
 Steam    (endothermic). 

at  
 High temperatures (650 – 1200 oC). 
 Atmospheric or high pressures. 

 
Produced Biogas Mixture: H2, CO, CH4, C2H6, C2H4, CO2, H2O, N2.  

 
Residue :     solid     carbon . 
         ash. 
 
     tar    higher hydrocarbons.  
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Gasification (2/2) 
 With air:  products CO, CO2, H2, CH4, N2, tar, solid residue .  

  biogas of low heating value ( ∼5 MJ/m3).   
  possible problems associated with its combustion at gasturbines. 
 
With oxygen: products CO, CO2, H2, CH4, tar, solid residue (no Ν2). 
  biogas of medium heating value ( ∼10 – 12 MJ/m3). 
  the separation cost of oxygen is counterbalanced by the high 
  quality produced biogas. 
 
With steam: products CO, CO2, H2, CH4, tar, solid residue (no Ν2). 
  biogas of medium heating value ( ∼15 – 20 MJ/m3). 
  the heat content of biomass is maximized through the  
  increased thermal requirements, which decreases the overall 
  process efficiency. 
 
Stages:  Drying and water evaporization. 
  Pyrolysis to gaseous products, heavy hydrocarbons vapours, tar 
  and solid residue. 
  partial oxidation and gasification of vapors, liquids and solids. 
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Reactions (1/4) 
Pyrolysis: during heating at 300–500 οC in the absence of oxidants; 
biomass is pyrolyzed to gaseous products, heavy HC vapors, tar and 
solid residue. 
 
  The relevant yields to gaseous, liquid and solid products, are 

depending from: 
  Rate of temperature increase. 
  The final value of temperature.  
  Residence time at this zone. 

 
  Pyrolysis is fast and is not controlling the rate of the whole process. 
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Reactions (2/4) 
combustion: the gaseous, liquid and solid products of pyrolysis are 
  reacted with the oxidizing agent (usually O2) towards 
  CO, CO2, Η2Ο. 
 
gasification: the residue liquids and solids are reacting with the 
  combustion products to CO, H2 and minor quantities of 
  gaseous HC.  
 
reforming: hydrocarbons are converted to CO and Η2, while the 
  role of  CO + H2O = CO2 + H2 is significant.   
    

The gaseous – solid reactions determine the overall efficiency. 
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Reactions (3/4) 
  Many reactions are catalyzed from the alkalis that are 

contained in tar while most time a special catalyst is ad-mixed 
with biomass. 

  Reactions are not always reach equilibrium. 
  The composition of biomass is determined by: 

  feed composition,  
  water content,  
  temperature at the various zones of gasifyer, 
  residence time, 
  catalyst, 
  extent of pyrolysis, combustion, gasification and  
  reforming reactions. 
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Reactions (4/4) 
  Gasification is not referring to the total liquid and solid 

products of pyrolysis due to: 
  

  Mass transfer limitations. 
  Chemical nature limitations. 
 

Resulting to solid residue and tar. 
 
 Due to high temperatures tar is deposited and it is difficult to 

be  removed. 
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Gasification Steps 
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Reactions 
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Technologies (1/2) 
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Technologies (2/2) 
Fluidized bed. 
Satisfied control of temperature,  
high reaction rates. 
 
Capacity up to 10–15 dry t/h. 
Easy start up and shut down. 
A catalyst for tar cracking is added. 
Carbon losses with the drifted tar. 
 
Recycled fluidized bed. 
capacity > 15 t/h. 
High cost. 
 
High pressure (supercritical) 
gasification. 
For high water content biomass. 
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Biomass energy  
conversion technologies (3/4) 

      

Gasification: 
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Biomass energy  
conversion technologies (4/4) 

Gasification 
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Power Generation  
in Brayton Heat Engines (1/3) 
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Power Generation  
in Brayton Heat Engines (2/3) 

In the case of Brayton cycle the compressor consumes work Wc and feeds 
the combustion chamber with air under high pressure (P2).  
 
Fuel is fed in the same chamber (gasification gas) and because of the 
combustion that occurs there (and also because of the fuel’s sensible heat 
that may be hot from the gasifier) combustion gases are heated (always 
under the pressure developed by the Compressor - P3 = P2) and expanded 
through the  turbine producing work Wt.  
 
After the turbine, the exhaust gases are cooled in an exchanger (yielding 
the greater part of their sensible heat for cogeneration or for the 
additional production of electricity in a Rankine cycle) and discharged into 
the atmosphere at a temperature over 100oC, in order to avoid the 
condensation of contained water vapor.  
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Power Generation  
in Brayton Heat Engines (3/3) 

The work that is consumed by the compressor comes directly 
from the turbine, so the net work produced by the Brayton cycle 
is:   

Wnet = Wt – Wc 

The pressure developed by the compressor is usually in the 
range of 10 to 15 atm, while the maximum temperature of the 
exhaust gas fed to it can reach 1400oC.  

The excess of air supplied to the combustion chamber is 
determined by the desired temperature of exhaust gas which is 
fed to the turbine. This excess is usually large, so the 
composition of exhaust gases is identical to that of air. 
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Power Generation in  
combined cycle gas-steam turbine 
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Biomass Pyrolysis 
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Pyrolysis (1/6) 

Pyrolysis is the thermal decomposition of biomass in the 

absence of oxygen: 

• Consists the 1st step in the combustion and gasification processes. 

• Followed by the partial oxidation of the initial products. 

• Low temperatures and high residence times favor the production 

of solid products (solid residue). 

• High temperatures and high residence times favor the production 

of gaseous products (carbon oxides and hydrogen). 

• Medium temperatures and low residence times favor the 

production of liquids (bio-oil). 

• Flash pyrolysis or fast pyrolysis – at low residence times (less than 

a few seconds) has particular interest. 
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Products  
distribution vs temperature 
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Pyrolysis (2/6) 
The following factors play a significant role in the process: 
 

•  kinetics of involved reactions 
•  Heat transfer 
•  Mass transfer 

 
The crucial point is the transfer of biomass particles to the 
optimum temperature simultaneously minimizing their 
residence time at lower temperatures which favor the formation 
of carbonaceous residue. 
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Pyrolysis (3/6) 
Product yields for various pyrolysis methods: 

 
 

   % wt. solids  liquids  gasses
  
Fast pyrolysis    12  75  13 
carbonization   35  30  35 
Gasification    10  5  85 
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Pyrolysis (4/6) 

During fast pyrolysis a mixture of vapours and aerozols 
and minor quantities of solid residues are formed. 
 
After cooling a dark, low viscosity liquid is produced, 
which has half the LHV of conventional Diesel. 
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Pyrolysis (5/6) 

The characteristics of this process are : 

• High heating and heat transfer rates (biomass is fed 
in fine particles). 

The operation temperature should be carefully selected 
(about 500 oC at the zone of solids, and 400 – 450 oC at 
the zone of  gasses). 

•  Low residence time for gasses (lower than 2 sec). 

•  Rapid cooling of vapors to bio-oil. 

•  Bio-oil yields over 75 % wt, compared to dry feed. 
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Pyrolysis (6/6) 
Fast pyrolysis presupposes that:  

• the feed should be dried at water contents lower than 

10 %, in order to minimize water concentration at bio-

oil (acceptable limit 15 % H2O in the final product). 

• ground feed to particles smaller than 2 mm.  

 

And includes the following steps: 
– reaction (pyrolysis), 

– separation of solids, 

– collection of liquids, 

 and refer to all biomass types. 
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Reactors (1-4) 
 • The pyrolysis reactor is the “heart” of the process. 

• Consists 10 -15 % of the installation cost. 

• The process also involves the storage of biomass its 
drying and grinding and the capture, storage and 
upgrading of products. 
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Reactors (2-4) 
 Fluidized bed   Simple construction and operation. 

   Adequate temperature control. 
   Efficient heat transfer. 
   Mature technology. 
   Liquids yield 70 – 75 %. 
   Adequate control of residence time. 
disadvantages  Scale up.   
 
Recycled Fluidized Bed Adequate temperature control. 
   Efficient removal of solids due to higher flows. 
   Mature technology.  
disadvantages  Similar residence times for gasses and solids. 
   Complex fluid dynamics. 
   Scale up. 
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Reactors (3-4) 
Mechanical compression: 

   Wall temperature lower than 600 οC. 

   Allows the use of bigger particles. 

   There is no need for a carrier gas,  
   Leading to low volume equipment. 

disadvantages  The slow step is the transfer of heat to.
   The reactor and not to biomass. 

   Kinetics are controlled by the contact  
   surface. 

   Complex design, scale up. 
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Reactors (4-4) 
 Plug flow 

    Simple technology. 

    Easy scale up. 

 

disadvantages   Poor heat transfer. 

    Low yields and efficiencies. 
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Pilot Plants 
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Removal of solids 
• Solid byproducts are vapor cracking catalysts and their fast 

removal is crucial for the efficiency. 

• The removal is taking place in cyclones. 

• disadvantage: fine particles end up to liquids decreasing their 
stability and accelerating their aging. 

• High temperature filters produce a bio-oil free from solids. 

• disadvantage: 10-20% decreased efficiency due to oil 
depositions. 
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Liquids collection 
Pyrolysis gaseous products are consisted of: 

 aerosols (liquids in the gas stream), 

 vapors (condensable gasses), 

 gasses that are not condensating at environmental 
 conditions, 

and require rapid cooling in order to avoid further reactions and 
gasification. 

 

Simple cooling leads to the selective deposition of liquid 
macromolecules and as a result bio-oil composition is influenced while 
there is an increased possibility for fouling. 
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Liquid products 
• The liquid product of pyrolysis is named biooil or pyrolysis oil, 

crude biooil, etc. 

• Has a dark brown color and similar chemical composition with 
biomass. 

• Is essentially a complex mixture of various organic compounds 
and water, which is originated from biomass and the chemical 
reactions taking place during pyrolysis. 

• Probably is also including solid carbonaceous residue and 
dissolved alkalis. 
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Bio-oil chemical characteristics (1/3) 

It can be considered as emulsion: 
– the continuous phase is a solution of cellulose 

decomposition derived products, 
– the non-continuous phase is consisted from 

macromolecules derived from the decomposition 
of lignin, 

– the first phase stabilize the second one through 
hydrogen bonds, 

– bio-oil aging is attributed to the gradual break of 
these bonds. 
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Bio-oil chemical characteristics (2/3) 

Typical composition of bio-oil: 
 
  Hydrocarbons   10 – 15 % 
 Phenols   15 – 20 % 
 Acids / esters     5 – 10 % 
 Alcohols   10 – 15 % 
 Furans    10 -15 % 
 Carbonyls   10 – 15 % 
 Lignin derivatives  15 -20 % 
 Water    up to 15 % 
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Bio-oil chemical characteristics (3/3) 

pH:    2,5     

Specific weight:  1,2 gr/cm3 

   

Elemental analysis: 

    C 55 – 58 % 

    H 5 – 7 % 

    O 35 – 40 %  

 

HHV:    16 -19 MJ/kg  

    water up to 25 % (40 % of diesel HHV).  
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Bio-oil applications (1/2) 
As a substitute of common diesel in stationary applications: 
 
   burners – boilers, 
   furnaces, 
   internal combustion engines, 
   turbines. 
 
Its upgrading (hydrogenation) to transport fuels is feasible;  
however has negative profits. 
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Bio-oil applications (2/2) 
Till today, bio-oil has been used in:  

  Modified ICE up to 250kWe.  

  Gas turbines up to 2.5MWe. 

 

Chemicals Production:  Resins  additives. 

    Pesticides sweeteners. 

    Fertilizers preservatives. 
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Current status 
 Product:   10 - 100 % more expensive than diesel (Heating value 

based). 
     Low production capacity. 
     Absence of quality standards 
     Incompatible with existing fuels.   
     Storage / management.  
 
Crucial Factors:    Scale up. 
       Minimize cost of production. 
       Constant characteristics. 
       Health and safety when handling. 
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Feasibility of biomass  
thermochemical conversion methods (1/2) 

Combustion  (Combust). 
Atmospheric Gasification  (GasEng). 
Combined cycle   (IGCC) . 
Fast Pyrolysis   (PyrEng). 
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Feasibility of biomass  
thermochemical conversion methods (2/2) 
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Biomass Energy 
Conversion Technologies 

Pyrolysis: 
   Overall Efficiency: 
Bio-oil   60 – 70 % of biomass LHV is transferred in liquids. 
       
It is not yet a commercial technology.  
Pyrolysis is considered mainly as a pretreatment step of solid biomass in cases 
where biomass is needed to be transferred in long distances.  
Bio-oil can be used as a raw material for the production of high added value 
chemicals.    
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Τέλος Ενότητας 
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