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Abstract 

In this work, the biomass property is evaluated based on pyrolysis behavior of biomass fuels by means of TGA and 
online gas analysis. Wood, sawdust, pine bark, peat, straw, black liquor and microalgae are chosen as the biomass 
feedstocks for the pyrolysis study. The measurement results show high volatile content for algae and black liquor 
(around 85%) and low volatile content for pine bark and peat (around 69%).  Differently from woody biomass, the 
DTG curve of straw has a single dominant peak at much lower temperature, which suggests a dominant component of 
hemicellulose in biomass, while algae and peat have a broader temperature specturm of devolatilization but much 
lower peak temperature. CO2 is released first and H2 later in the pyrolysis process for all biomass feedstocks, whileas 
the peak of CO formation follows CO2 formation trend for most feedstocks used, except for peat and pine bark which 
give a peak later at high temperature. This indicates secondary reactions of tar cracking, steam reforming and char 
gasification. 
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1. Introduction 

Fuel availability and flexibility are important issues for biomass-based heat and power generation, and 
advanced biofuel production plants. The physical and chemical properties of biomass fuels may vary 
greatly from one to others, which must be taken into account for the reactor design and operation, system 
optimization and blend feedstock application. The basic fuel characterization approaches for a solid fuel 
are proximate and ultimate analyses, by which different standard methods are used to evaluate the fuel 
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quality. The proximate analysis includes the measurement of moisture, ash and combustible (volatile and 
fixed carbon) contents. The ultimate or elementary analysis refers to the determination of the content of 
the most important elements of a solid fuel, such as C, H, O, N and S. Since biomass solid fuels normally 
have much higher volatile content than coals, the behavior of biomass fuels during thermochemical 
conversion is characterized by the devolatilization process. The devolatilization rate and kinetic data in 
chemical reaction expression is commonly determined by thermogravimetric analysis (TGA). Further 
detail analysis of different components of volatile gas released from biomass pyrolysis at certain 
temperature can be made online, which may provide valuable clues and insight into the complex reaction 
scheme [1, 2, 3].  

In this work, the devolatilization behavior and the chemical composition of gases released during the 
devolatilization of various biomass fuels are simultaneously studied by means of a thermogravimetric 
analysis machine and an online gas analyzer. Wood, pine bark, peat, straw, black liquor and microalgae 
(scenedesmus quadricauda) are chosen as feedstocks for the study. 

2. Experimental 

 
  Figure 1  Experimental setup for TGA+online gas analyzer 

Fig. 1 presents the experimental setup with the purge gas number 2 (Nitrogen inlet) active for this 
study. As shown in the figure, the heart of the setup is a Netzsch STA 449 F1 Jupiter® thermogravimetric 
analyser, where the devolatilization experiment was carried out. The chemical composition (CO, CO2, H2, 
CH4 and O2) of the gas released during devolatilization was monitored and acquired by means of an 
online X-STREAM Enhanced XEGP – General Purpose Gas Analyzer as well as an offline parallel TCD 
FID gas chromatography detection system. 

The biomass feedstocks including wood, sawdust, pine bark, peat, black liquor, straw and microalgae 
(scenedesmus quadricauda) were provided by SCA Ortviken, SCA Östrand, SCA Bionorr, HEMAB, 
Laga Bioenergy AB and Algkraft. The biomass samples was placed inside the TGA furnace made of 
silicate material. N2 gas was used to purge the system to guarantee oxygen free condition before and 
during the pyrolysis experiment. First, the sample was heated to 110oC and kept for 10 minutes to ensure 
that all moisture has left the sample. Afterwards the temperature is increased again to 950 0C at a speed of 
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40 K/min. Then, the purge gas is changed from nitrogen to air for complete combustion. The fuel basic 
properties are shown in Table 1. 

 
Table 1. The properties of fuels used in this work 

    
   
Wood  Pine bark 

Wheat 
straw 

Black 
liquor Peat  Algae 

Proximate analysis               
Moisture wt % 4,09 6,45 4,97 0,79 4,57 2,67 
Volatile matter wt % daf 78,79 69,91 76,79 86,30 68,49 84,09 
Fixed carbon wt % daf 21,20 30,07 23,22 13,79 31,52 15,91 
Ash wt % db 0,39 10,31 5,57 41,32 9,10 8,68 
Heating value               
HHV MJ/kg db 20,34 20,42 18,4 13,96 20,08   
LHV MJ/kg db 18,99 19,12 17,14   18,83   
Ultimate analysis               
S at 1350 oC wt % db <0,01 0,05 0,06 4,3 0,21   
C at 1050 oC wt % db 51,00 48,20 46,1 33,4 50,10   
H at 1050 oC wt % db 6,20 5,20 5,8 3,6 5,20   
N at 1050 oC wt % db <0,1 0,30 0,5 0,09 1,90   
O wt % db 42,30 35,60 41,1   30,50   
Pyrolysis to 950 oC               
CO vol-% db 21,7 – 24,2 23,7 – 26,5     13,8   
CO2 vol-% db 19,2 – 21,5 19,7 - 22     18,6   
CH4 vol-% db 9 – 10,1 6,9 – 7,7     5,2   
H2 vol-% db 34,1 – 38,1 30,9 – 34,5     30   

3. Results and discussion 

3.1. Devolatilization rate 

First, the pyrolysis behavior of 
hemicellulose, cellulose and lignin 
was individually tested in the same 
experimental conditions as for the 
real feedstocks, using the same 
experimental setup presented in 
Fig.1. Fig. 2 shows results from this 
test in the form of DTG (derivative 
thermogravimetric) curves 
representing the weight loss rates of 
the three constituents of biomass 
during devolatilization, which are in 
agreement with the literature [1, 4]. 
The devolatilization rates of 
hemicellulose, cellulose and lignin 
differ considerably due to their 
different chemical structures. 
Hemicellulose and cellulose are 
converted mainly to volatiles while 
lignin contributes mainly to the char 
fraction.  
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Figure 2  DTG curves of the pyrolysis process for cellulose, 
hemicellulose and lignin 
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Figure 3  DTG curves of the pyrolysis process for various biomass feedstocks.  

 
For various biomass fuels, wood, sawdust, pine bark, peat, straw and algae, the DTG curves are shown 

in Fig. 3. For woody biomass (including wood, logging residue and pine bark), the devolatilization 
temperature range and peak temperature are similar due to similar composition of hemicellulose, cellulose 
and lignin. When the temperature is raised to 150°C, devolatilization starts and the devolatilization rate 
increases with temperature and reaches the peak value. A plateau or shoulder at the peak lower 
temperature represents the decomposition of hemicellulose and the peak at higher temperature represents 
the decomposition of cellulose. At 400°C, most of the volatile is gone and the devolatilization rate 
decreases rapidly. However, a low devolatilization rate can be observed in the temperature range of 400 – 
600°C due to lignin decomposition.  

Differently from woody biomass, the DTG curves of straw and hemp (was tested also) have a single 
dominant peak at much lower temperature, which suggests a dominant component of hemicellulose in 
biomass as shown in Fig. 3.  

Algae and peat have a broader temperature specturm of devolatilization but much lower peak 
temperature comparing woody biomass. This can be attributed to the complex composition of algae and 
peat. 

3.2. Pyrolysis gas 

The pyrolysis gas released from TGA is a mixture of oxygenated hydrocarbon (tar) and permanent gases such as 
CO2, CO, H2 and CH4. The analysis of the gas formation over time and temperature can be made by online registration 
of gas composition when a mass spectrometry (MS) is connected to TGA, so called TGA-MS method [1,  3, 5, 6]. The 
method used in this work can provide result well corresponding to that acquired by TGA-MS method. The measurement 
results are shown in Figs 4 – 8, where the mole fractions of CO, CO2, CH4 and H2 are plotted against temperature 
during heating process. 
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Hemicellulose, cellulose and lignin were first tested in the experiment. The results show that lignin 
decomposes at a wide range of temperatures in agreement with TGA curve. Hemicellulose and cellulose 
thermally decompose at a narrow range of temperatures. In all three cases, CO2 is formed first. In the 
case of lignin, CO forms at a higher temperatures, whereas for hemicellulose and cellulose, CO forms at a 
lower temperature in the same time as CO2 is formed. This can be explained by the secondary reactions 
of tar and char via cracking, steam reforming and char gasification. The secondary reactions are 
responsible for H2 formation at temperatures above 400 C. For woody biomass as seen in Fig. 4, the gas 
formation pattern is similar to cellulose and hemicellulose but different from lignin.  

 

 

Figure 4   Gas formation of wood           Figure 5   Gas formation of pine bark 

For pine bark as shown in Fig. 5, the trend of gas formation looks like in-between lignin and cellulose. 
CO released over a wide temperature range of two peaks at a low temperature and a high temperature due 
to the aforementioned secondary reactions. The high amount of CO and H2 suggests strong secondary 
reactions. 

Peat decomposes at a higher temperatures and CO peaks at a higher temperature indicating strong 
secondary reactions as seen in Fig. 6. 
 

 

Figure 6   Gas formation of peat Figure       Figure 7   Gas formation of straw 

The thermal decomposition of straw and hemp (was tested but not included here) present a similar 
characteristics to cellulose as seen in Fig. 7. 
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In comparison to woody biomass, the 
decomposition process of microalgae follows the 
same sequence of different gas formations but the 
process starts at lower temperatures as seen in Fig. 
8. This can be contributed to the fact that certain 
substances e.g. extractives of the microalgae are 
less thermal resistant then the three fractions of 
woody biomass [5]. 

Sanchez-Silva et al [1] identified 4 stages which 
can be applied in our cases: decomposition of 
carbohydrates at a temperature range from 180-
270°C, decomposition of proteins at 320-450°C, 
decomposition of volatile and carbonate decomposition under 500°C and char decomposition above 
750°C responsible for the late formation of H2 and CO. 
 
4. Conclusion 
 
The measurement results show high volatile content for algae and black liquor (around 85%) and low 
volatile content for pine bark and peat (around 69%).  Differently from woody biomass, the DTG curves 
of straw and hemp have a single dominant peak at much lower temperature, which suggests a dominant 
component of hemicellulose in biomass, while algae and peat have a broader temperature specturm of 
devolatilization but much lower peak temperature. CO2 is released first and H2 later in the pyrolysis 
process for all biomass feedstocks, whileas the peak of CO formation follows CO2 formation trend for 
most feedstocks used, except for peat and pine bark which give a peak later at high temperature. This 
indicates secondary reactions of tar cracking, steam reforming and char gasification. 
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