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This study aims to investigate influential of the storage condition that affects 
biomass properties that are covering storages (covered and uncovered) of 
the torrefied and untorrefied pellets of wood and corncob pellets. And the 
properties of the pellet after storage for 6 months consist of higher heating 
value (HHV), moisture content, durability, and dry matter loss. The result 
shows that the torrefied (wood and corncob) pellets have higher HHV than 
untorrefied pellets around 15-30%. For the moisture content, the covered 
pellets have less moisture content than uncovered approximately 3% for 
both (wood and corncob pellets). Furthermore, the durability continuously 
decreases from start to 6 months until the durability of corncob black wood 
and corncob pellet decrease around 95.2% in the case uncovered while in the 
covered case of wood and corncob, the durability decline around 7.4% and 
4.1% respectively. To sum up, the experiment demonstrates that piling a 
pellet under dry conditions (or covering the pellet to avoid moisture 
conditions) can upgrade the HHV and energy density of the pellet and the 
quality of torrefied pellet is greater than untorrefied pellet as well as the 
wood pellet quality is also better than corncob in term of a low increasing 
rate of moisture content and dry matter loss and higher of durability, HHV 
and energy density. 
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1. Introduction 

*Nowadays, the alternative fuel in the power plant 
especially biomass from agriculture is applied and 
studied in many countries around the world due to 
the more severe greenhouse effect that results from 
higher amounts of GHGs particularly CO2 from fossil 
fuel combustion (Usón et al., 2013; Viana et al., 2010; 
Situmorang et al., 2020). And according to the Paris 
Agreement, the GHG emission target of Thailand in 
2030 has been set to decrease the GHGs by around 
20% from the projected from Business-As-Usual 
(BAU) (Rogelj et al., 2016). Typically, original raw 
material biomass has a high moisture content that 
must use some energy to change water to vapor. 
Improving the properties of biomass by torrefaction 
to decrease moisture content can increase the 
efficiency of biomass (Niu et al., 2019). Even refinery 
of biomass is a success but transportation and 
storage are a challenge for power plant users 
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(Craven et al., 2015). Pelletization is a transformed 
process that compresses the biomass (for higher 
density) to be a pellet (Stelte et al., 2011). This is 
more convenient for transportation and usage 
including increasing the heating value of the 
biomass. 

Pellet density can be affected by the time period 
in storage, but another factor has also influenced 
pellet density, that is the time period in the storage 
of raw material before use in pellet production. For 
example, the particle density test of canola straw 
pellets which are storage canola straw for 3, 7, and 
10 months pelletization, and after that straw pellet 
was kept in storage for around 2-48 weeks. The 
result shows particle density has significantly been 
affected in the process due to the period of storage 
(Chico-Santamarta et al., 2012). Bulk density of 
straw pellet increases more than 10 times when 
compare with raw straw that can decrease volume in 
input process in combustion (Holm et al., 2006; 
Chico-Santamarta et al., 2012; Obernberger and 
Thek, 2004). Bulk density is influence to heat and 
moisture transfer especially dominated biomass by 
ventilation air on the stored pellets as shown in 
research, that the increasing rate of temperature at 
the top of silo was 2.4C◦/h (Larsson et al., 2012). The 
lack of raw materials is one problem for biomass 
pellets producing, that provoke many the pelletized 
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factory to find new capable raw materials to produce 
pellet, such as corncob and bagasse. 

The environmental factor, such as temperature, 
relative humidity, and particle in the air affect 
biomass properties that are the degradation, 
mechanical strength, moisture inside and 
composition of biomass, heating value, and 
durability. The quality change in pellets is not 
significant, but the pellets have disintegrated from 
storage (Chico-Santamarta et al., 2012). In addition 
to the ambient condition, the height of the pile, 
which was reported in Mendel et al. (2016) can 
affect the amount of water in pellets during storage 
as well as the shape of the pile also affects the 
moisture content. Moreover, the pretreating process 
and covering the storage are considered can affect 
the properties of the pellet. Therefore, this work 
aims to study the 3 factors that influence to variation 
of biomass mechanical properties such as covering, 
torrefaction process and type of biomass pellet. The 
covering of storage is tested by covering and 
uncovering the torrefied wood and corncob pellet 
pies. For torrefaction, this study is designed to 
compare the torrefied and unterrified wood and 
corncob pellets by storing them under the same 
condition (including covering the pellet with a 
plastic sheet). And comparing the change of 
mechanical properties of 2 types of torrefied pellets 
(wood and corncob) by storing the pellet in a 
controlled condition (including a cover by the plastic 
sheet). 

2. Literature review 

Pelletization and torrefaction are the processes of 
pretreated biomass for reducing transportation 
costs. Some research suggests that improving the 
pellet can increase the quality of the biomass in 
terms of physical properties such as increasing bulk 
density and improving storability. For more 
information readers are referred to 
Theerarattananoon et al. (2011). The torrefaction is 
a thermal pre-treatment process that can also 
improve some properties (in which the biomass is 
heated up to 200 to 300°C in the absence of oxygen 
or nitrogen atmosphere). This results in the product 
having a lower oxygen content, higher calorific value, 
low moisture content, and less hydrophilic compared 
to the untreated biomass For more information 
readers are referred to Stelte et al. (2012). 

3. Method 

3.1. Covering 

The torrefied wood and corncob pellet are stored 
by piling them as shown in Fig. 1 which is a pyramid 
shape. This pie shape is normally found in the power 
plant or industries which use pellets as the energy 
fuel.  

 

 
(a) 

    

(b) (c) (d) (e) 
Fig. 1: Covering experiment (a) size and shape of pellet pie 1x0.5 m base by 0.35 m height, (b) uncovered torrefied wood 
pellet, (c) covered torrefied wood pellet, (d) uncovered torrefied corncob pellet and e) covered torrefied corncob pellet 

 
3.2. Torrefaction process 

The torrefaction process is the transformation 
process that can change the structure inside the 
pellet by reconstructing the arrangement of lignin, 
cellulose, and hemicellulose (Kymäläinen et al., 

2015). The torrefaction process needs a high 
temperature (normally, 200-300°C). This 
experiment uses the modified furnace that can heat 
the pellet on the side at a temperature of 
approximately 250°C. The furnace and work process 
for this experiment are shown as Fig. 2. And the 

1 m 

Small pile 



Tassanapark Nimitpaitoon, Boonrod Sajjakulnukit/International Journal of Advanced and Applied Sciences, 9(9) 2022, Pages: 136-144 

138 
 

pellets (wood and corncob) before and after 
torrefied are represented in Fig. 3. 

3.3. Type of pellet 

The pellet is the biomass that passed through the 
pelletization process. It makes the biomass has a 
high density which has an advantage in terms of 
transportation and storage. This study uses 2 types 
of pellet for the experiment, which are wood and 
corncob shown in Fig. 4. 

4. Result and discussion 

4.1. Covering 

After 6 months of storage, the result of HHV, 
moisture content, durability, and dry matter loss in 2 
conditions of experiment with and without a covered 
sheet are represented in Table 1. And the trend of 
covered vs uncovered torrefied/black pellet of them 
can be illustrated in Fig. 5.  

 

 

(a) (b) 

Fig. 2: Torrefaction experiment (a) furnace for pellet torrefaction and (b) torrefaction process of furnace 
 

    
(a) (b) (c) (d) 

Fig. 3: (a) and (b) show the untorrefied and torrefied wood pellet and (c) and (d) show the untorrefied and torrefied 
corncob pellet 

 

    
(a) (b) 

Fig. 4: The comparison of (a) wood pellet from wood biomass and (b) corncob pellet from corncob biomass 
 

Table 1: The quantity of HHV, moisture content, durability, and dry matter loss of covered and uncovered wood and corncob 
pellets 

Parameters 

Covering 
Covered Uncovered 

Torrefied wood pellet Torrefied corncob pellet Torrefied wood pellet Torrefied corncob pellet 
0 3 6 0 3 6 0 3 6 0 3 6 

month months months month months months month months months month months months 
HHV 19.43 18.78 18.11 19.40 17.54 17.78 19.43 18.36 17.73 19.40 16.94 17.04 

Moisture 
Content 

3.21 9.37 9.48 3.24 13.23 9.98 3.21 19.26 66.81 3.24 66.73 73.69 

Durability 95.20 90.07 88.70 92.80 89.43 85.40 95.20 78.13 0.00 92.80 62.37 0.00 
Dry matter 

loss 
- 0.90 2.10 - 0.84 1.70 - 3.42 7.10 - 5.50 9.20 
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(d) 

Fig. 5: a)HHV; b) moisture content; c) durability; d) dry mass loss of covered and uncovered torrefied wood and corncob 
pellets 

 
Table 1 and Fig. 5 illustrate the HHV, moisture 

content, durability, and dry matter loss of torrefied 
wood and corncob pellet pies which are covered by a 
plastic sheet and without the covering after 3 and 6 
months. The HHV and durability of a covered and 
uncovered pellet (wood and corncob pellet) slightly 
decrease from start to 6 months particularly 
uncovered pellets. On the other hand, moisture 
content significantly increases for uncovered pies of 
pellets especially corncob the trend is similar to dry 
matter loss. All in all, wood and corncob pellets have 
a similar trend for changing HHV, moisture content, 
durability, and dry loss matter but corncob pellet is 
more humid and increases in durability than wood 
pellets. 

4.2. Torrefaction process  

After 6 months of storage, the result of HHV, 
moisture content, durability, and dry matter loss of 
two different characteristics of the structure, 
torrefied and untorrefied pellet are shown in Table 2 

and the trend of untorrefied vs torrefied of them can 
be demonstrated in Fig. 6. 

From the torrefaction experiment, Table 2 and 
Fig. 6 show that torrefied pellet has an HHV value 
more than untorrefied pellet around 1.2 times after 6 
months including the moisture content of torrefied 
pellets also approximately increase. Furthermore, 
durability of both decreases after 6 months 
especially untorrefied pellets due to the pellets are 
pelletized before torrefied. Nevertheless, changing of 
dry matter loss of torrefied and untorrefied pellets 
are similar and no significant. 

4.3. Type of pellet 

From the above experiment, the wood and 
corncob pellets are not different in terms of pellet 
quality such as HHV and moisture content that are 
not influenced by storage. On the other hand, the 
durability of the wood pellet is more than corncob 
pellets whether stored for 3 or 6 months. The 
covered pellets are better uncovered in case of HHV, 
moisture content, and durability.  

 
Table 2: The quantity of HHV, moisture content, durability, and dry matter loss of torrefied and untorrefied wood and 

corncob pellets 

Parameters 

Torrefaction 
Untorrefied Torrefied 

Wood pellets Corncob Pellets Wood pellets Corncob Pellets 
0 3 6 0 3 6 0 3 6 0 3 6 

month months months month months months month months months month months months 
HHV 16.50 15.65 16.31 15.06 14.75 14.88 19.43 18.78 18.11 19.43 18.78 18.11 

Moisture 
Content 

6.12 12.24 12.35 7.33 15.32 14.31 3.21 9.37 9.48 3.24 13.23 9.98 

Durability 96.20 91.33 89.70 94.00 91.90 89.10 95.20 90.07 88.70 92.80 89.43 85.40 
Dry matter 

loss 
- 0.83 1.90 - 0.87 1.60 - 0.84 1.70 - 0.90 2.10 
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(d) 

Fig. 6: a) HHV; b) moisture content; c) durability; d) dry mass loss of untorrefied and torrefied wood and corncob pellet 
 

4.4. Durability and moisture content  

From the study, the relationship between 
durability and moisture content shows that the 
pellets that are less moisture content have more 
durability especially covered torrefied pellets (wood 
and corncob) as shown in Fig. 7a. Shown in Fig. 7b, 

the moisture content of covered wood pellets slightly 
change when compared with the corncob pellets, 
particularly untorrefied pellets that means the 
untorrefied wood pellets have better quality under 
dry condition (covered pellet). 
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(b) 

Fig. 7: Graph of relationship between durability and moisture content of (a) covered and uncovered torrefied wood and 
corncob pellets (b) covered torrefied and untorrefied wood and corncob pellets 

 
5. Conclusion 

This study is the investigation of the quality of 
wood pellets and corncob pellets during long-term 
storage covered, uncovered to be studied with and 
without the torrefaction process. For the HHV in the 
torrefaction experiment, torrefied wood and corncob 
pellets have higher HHV than untorrefied pellets 
around 15-30%. The higher HHV can be the efficient 
fuel that long-term storage cannot significantly 
reduce the HHV for both pellet types (wood and 
corncob pellets). For that covering process, covered 
and uncovered don’t influence HHV. To sum up, 
torrefaction can significantly influence HHV only. For 
moisture content of each type of pellet, covered 
pellets have less moisture content than uncovered 
approximately 3% for both (wood and corncob 
pellets). However, wood and corncob pellets without 
the coversheet (uncovered pellet pies) can be a 
moisture content inside of around 70%. For 
durability that is the strength index of pellets, the 
durability dramatically declines when the pellets 
have been stored for 6 months for wood and corncob 
pellets whether covered or uncovered. The 
durability of corncob black wood and corncob pellet 
decreased around 95.2% in the case uncovered 
while in the covered case of wood and corncob, the 
durability declined around 7.4% and 4.1% 
respectively. Due to the 3rd month of the experiment 
which is a rainy season, it results in moisture content 
in the ambient air and inside pellet especially 
uncovered condition of pellet pile that cannot 
measure that durability after 6 months even it is 
torrefied pellets. Based on the study, the 

environmental condition can play the important role 
in the quality of the pellets. Thus, the torrefied wood 
pellets that are stored in dry conditions can be good 
quality energy fuel. 

Compliance with ethical standards 

Conflict of interest 

The author(s) declared no potential conflicts of 
interest with respect to the research, authorship, 
and/or publication of this article. 

References  

Chico-Santamarta L, Chaney K, Godwin RJ, White DR, and 
Humphries AC (2012). Physical quality changes during the 
storage of canola (Brassica napus L.) straw pellets. Applied 
Energy, 95: 220-226.  
https://doi.org/10.1016/j.apenergy.2012.02.045 

Craven JM, Swithenbank J, Sharifi VN, Peralta-Solorio D, Kelsall G, 
and Sage P (2015). Hydrophobic coatings for moisture stable 
wood pellets. Biomass and Bioenergy, 80: 278-285.  
https://doi.org/10.1016/j.biombioe.2015.06.004 

Holm JK, Henriksen UB, Hustad JE, and Sørensen LH (2006). 
Toward an understanding of controlling parameters in 
softwood and hardwood pellets production. Energy and Fuels, 
20(6): 2686-2694. https://doi.org/10.1021/ef0503360 

Kymäläinen M, Mäkelä MR, Hildén K, and Kukkonen J (2015). 
Fungal colonisation and moisture uptake of torrefied wood, 
charcoal, and thermally treated pellets during storage. 
European Journal of Wood and Wood Products, 73(6): 709-
717. https://doi.org/10.1007/s00107-015-0950-9 

Larsson SH, Lestander TA, Crompton D, Melin S, and Sokhansanj S 
(2012). Temperature patterns in large scale wood pellet silo 
storage. Applied Energy, 92: 322-327.  
https://doi.org/10.1016/j.apenergy.2011.11.012 

80.00

85.00

90.00

95.00

100.00

0.00 4.00 8.00 12.00 16.00 20.00

D
u

ra
b

il
it

y
 %

Moisture content %

Durability vs Moisture content of Covered pellet

Covered white corncob Covered black corncob Covered white wood

Covered black wood Log. (Covered white corncob) Log. (Covered black corncob)

Log. (Covered white wood) Log. (Covered black wood )

https://doi.org/10.1016/j.apenergy.2012.02.045
https://doi.org/10.1016/j.biombioe.2015.06.004
https://doi.org/10.1021/ef0503360
https://doi.org/10.1007/s00107-015-0950-9
https://doi.org/10.1016/j.apenergy.2011.11.012


Tassanapark Nimitpaitoon, Boonrod Sajjakulnukit/International Journal of Advanced and Applied Sciences, 9(9) 2022, Pages: 136-144 

144 
 

Mendel T, Hofmann N, Schulmeyer F, Borchert H, Kuptz D, and 
Hartmann H (2016). Fuel quality changes during the storage 
of wood chips in large piles. In the 24th European Biomass 
Conference and Exhibition, Amsterdam, Netherlands: 53-59. 

Niu Y, Lv Y, Lei Y, Liu S, Liang Y, and Wang D (2019). Biomass 
torrefaction: properties, applications, challenges, and 
economy. Renewable and Sustainable Energy Reviews, 115: 
109395. https://doi.org/10.1016/j.rser.2019.109395 

Obernberger I and Thek G (2004). Physical characterisation and 
chemical composition of densified biomass fuels with regard 
to their combustion behaviour. Biomass and Bioenergy, 27(6): 
653-669. https://doi.org/10.1016/j.biombioe.2003.07.006 

Rogelj J, Den Elzen M, Höhne N, Fransen T, Fekete H, Winkler H, 
Schaeffer R, Sha F, Riahi K, and Meinshausen M (2016). Paris 
Agreement climate proposals need a boost to keep warming 
well below 2°C. Nature, 534(7609): 631-639.  
https://doi.org/10.1038/nature18307 PMid:27357792 

Situmorang YA, Zhao Z, Yoshida A, Abudula A, and Guan G (2020). 
Small-scale biomass gasification systems for power 
generation (< 200 kW class): A review. Renewable and 
Sustainable Energy Reviews, 117: 109486.  
https://doi.org/10.1016/j.rser.2019.109486 

Stelte W, Holm JK, Sanadi AR, Barsberg S, Ahrenfeldt J, and 
Henriksen UB (2011). Fuel pellets from biomass: The 

importance of the pelletizing pressure and its dependency on 
the processing conditions. Fuel, 90(11): 3285-3290.  
https://doi.org/10.1016/j.fuel.2011.05.011 

Stelte W, Sanadi AR, Shang L, Holm JK, Ahrenfeldt J, and Henriksen 
UB (2012). Recent developments in biomass pelletization–A 
review. BioResources, 7(3): 4451-4490.  
https://doi.org/10.15376/biores.7.3.Stelte 

Theerarattananoon K, Xu F, Wilson J, Ballard R, Mckinney L, 
Staggenborg S, and Wang D (2011). Physical properties of 
pellets made from sorghum stalk, corn stover, wheat straw, 
and big bluestem. Industrial Crops and Products, 33(2): 325-
332. https://doi.org/10.1016/j.indcrop.2010.11.014 

Usón AA, López-Sabirón AM, Ferreira G, and Sastresa EL (2013). 
Uses of alternative fuels and raw materials in the cement 
industry as sustainable waste management options. 
Renewable and Sustainable Energy Reviews, 23: 242-260.  
https://doi.org/10.1016/j.rser.2013.02.024 

Viana H, Cohen WB, Lopes D, and Aranha J (2010). Assessment of 
forest biomass for use as energy. GIS-based analysis of 
geographical availability and locations of wood-fired power 
plants in Portugal. Applied Energy, 87(8): 2551-2560.  
https://doi.org/10.1016/j.apenergy.2010.02.007 

 

https://doi.org/10.1016/j.rser.2019.109395
https://doi.org/10.1016/j.biombioe.2003.07.006
https://doi.org/10.1038/nature18307
https://doi.org/10.1016/j.rser.2019.109486
https://doi.org/10.1016/j.fuel.2011.05.011
https://doi.org/10.15376/biores.7.3.Stelte
https://doi.org/10.1016/j.indcrop.2010.11.014
https://doi.org/10.1016/j.rser.2013.02.024
https://doi.org/10.1016/j.apenergy.2010.02.007

	Study on the effects of storage conditions on pretreated and raw biomass
	1. Introduction
	2. Literature review
	3. Method
	3.1. Covering
	3.2. Torrefaction process
	3.3. Type of pellet

	4. Result and discussion
	4.1. Covering
	4.2. Torrefaction process
	4.3. Type of pellet
	4.4. Durability and moisture content

	5. Conclusion
	Compliance with ethical standards
	Conflict of interest
	References


