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Background

Biomass as renewable energy to replace fossil fuel
s 
An energy crop that easy and 
quick growth

As thermal pre-treatment to 
improve biomass properties and 
make biomass product less 
reactive.
Lower volatile content that 
increases the ignition 
temperature.

• Biomass has high moisture content and volatile 
contents which lead to a low thermal quality

• Causes excessive volatilization and tar formation 
• Volatility of biomass is an indication of highly 

reactive materials that needs to be handled 
cautiously which is disadvantage for energy 
generation purposes

+ • Has a secure and stable supply
• Produces clean energy due to low nitrogen 

content which result in low undesirable 
emission, such as NOx

-

Biomass Miscanthus

Torrefaction



Torrefaction Experiments

Fig2. Medium Scale Reactor
1.9 L stainless steel reactor, 
61 cm in length and 7 cm 
diameter, use a heating tape 
as heat source. 

Feedstock & 
Reactor

Fig1. Miscanthus pellets

• Proximate analysis – Moisture 
Content, Volatile Matter, Ash 
Content, Fixed Carbon: 
Gravimetric method

• Elemental analysis – Carbon, 
Hydrogen, Nitrogen, Oxygen : 
CHNS-O Analyzer 

• Heating value: Oxygen bomb 
calorimeter

Table 1. Characteristics of Miscanthus pellets

Temperatures: 175, 200, 225°C
Pellets Lengths: 1, 1.5, 2cm

Operational Condition 

Char Product 
Characterisation



Kinetic Analysis

The kinetics parameters – activation energy and pre-
exponential factor, were calculated using model-free 
methods, the Kissinger-Akahira-Sonuse (KAS) and Flynn 
wall ozawa (FWO) methods. 

The isoconversional model free approach has 
a general equation shown below.
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The samples were heated using conditioned atmospheric air from 
25 to 750°C, at a heating rate of 10, 15, and 20°C per minute.

Kinetic modelling
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Char Characteristics

Table 2. Characteristics of char product 

Fig3. (a) Char and (b) Aqueous 
Product after Torrefaction at 225°C

a b



Combustion Characteristics

Fig4. (a) TGA graphs and (b) DTG graphs of raw miscanthus pellets and 
torrified miscanthus pellets

a b

Table 3. Combustion characteristics of raw Miscanthus pellets and char 
products



Kinetic Analysis

Fig5. Linear plot of KAS for (a) raw Miscanthus pellets and (b) 
char product derived from torrefaction at temperature of 225°C 

and pellet length of 1.5cm

Fig6. Linear plot of FWO for (a) raw Miscanthus pellets and (b) 
char product derived from torrefaction at temperature of 225°C 

and pellet length of 1.5cm

Table 4a. Kinetic parameter of raw Miscanthus pellets and char products 



Kinetic Analysis

Fig5. Linear plot of KAS for (a) raw Miscanthus pellets and (b) 
char product derived from torrefaction at temperature of 225°C 

and pellet length of 1.5cm

Fig6. Linear plot of FWO for (a) raw Miscanthus pellets and (b) 
char product derived from torrefaction at temperature of 225°C 

and pellet length of 1.5cm

Table 4b. Kinetic parameter of raw Miscanthus pellets and char products 



Thermodynamic analysis

Thermodynamic analysis can provide information regarding the equilibrium conditions for char product derived from 
the torrefaction process. The thermodynamic parameters, change in Gibbs free energy (ΔG), change in enthalpy (ΔH), 
and change in entropy (ΔS).

Table 5. Thermodynamic properties of raw Miscanthus pellets and char products

∆𝐺 = Ea + 𝑅 ∙ T𝑚 . ln  
K𝐵 ∙ T𝑚
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Conclusion

• Torrified products have better combustion characteristics than raw Miscanthus in terms of its
low reactivity and volatility.

• The char derived from torrefaction at 225°C has a higher ignition temperature than coal, as the
char started to burn around temperatures of 376 – 398°C.

• The lower reactivity of the char products was also confirmed by a higher overall activation
energy as a less reactive product required more energy to start the reaction.

• Regarding pellets sizes, char product from 1cm length pellets have a higher activation energy at
183.53 kJ/mol, compared to char products from 1.5 and 2cm length pellets with lower values at
133.42 kJ/mol and 159.01 kJ/mol.

• The torrefied products have positive values of ΔG and ΔH, as well as negative value of ΔS, as an
indication of a non-spontaneous process and lower thermal decomposition reactivity. Therefore,
an external energy source is required to provide extra heat to generate the activated complex.

• Less reactive products demonstrated better fuel properties that result in better thermal
efficiency and release less pollutants when used as biofuel.



THANK YOU!
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