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HIS RESEARCH aims to estimate and calculate some thermal properties of torrefied product 
from torrefaction process of rice straw and cotton stalk under different torrefaction temperatures 

(200,250,300) ℃, size (1.5, 3) cm and holding time (15,30,45) min. The calorific value for torrified 

product was estimated and the mass yield, energy yield and energy density were calculated for rice 

straw and cotton stalk. The results showed that the calorific value is affected by the torrefaction 

temperature, size and holding time. The highest calorific value for rice straw was 18.7 MJ / kg and for 
cotton stalk was 20.1 MJ/kg, at torrefaction temperature of 250 ℃, size 1.5 cm, and holding time 30 

min. Also, the mass yield and energy yield decrease with increasing torrefaction temperature, size and 

holding time, the highest value of mass yield and energy yield for rice straw were 70.1% and 72.84%, 

respectively, at torrefaction temperature 200 ℃ and size 1.5 cm and holding time 15 minutes. The 

highest value of mass yield and energy yield for cotton stalk was 74.5% and 76.44%, respectively, at 
torrefaction temperature 200 ℃, size1.5 cm, and a holding time of 15 minutes. Also, the result 

indicated that the energy density for rice straw and cotton stalk was affected by the torrefaction 

temperature, size and holding time. The highest value of energy density for rice straw and cotton stalk 

were 1.24 and 1.17 respectively at torrefaction temperature of 250 ℃, size 1.5 cm, and holding time 

30 min.  
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Introduction 

Agricultural production is an essential element of 

the national income. It is necessary to work on 

solving any problems it faces in order to improve 

and increase productivity. the agricultural sector 

employs more than half of the workforce in 

Egyptian society (Hagras et al., 2025; Sadowski et 

al., 2024). Most of these problems among farmers 

is how to get rid of agricultural waste, which 

amounts to about 35 million tons annually (Hassan 

et al., 2014). A deficient percentage of agricultural 

waste is used for recycling    approximately 15%, 

and the rest is often burned in the fields (Sadowski 

et al., 2024), which leads to environmental 

pollution (Riseh et al., 2024). Agricultural waste is 

considered one of the most important types of 

traditional fuel in the Egyptian countryside as a 

source of energy used in industrial furnaces, 

especially in the governorates of Upper Egypt and 

the Delta. Large quantities of agricultural waste are 

generated in these governorates, but it is a source of 

environmental pollution when used as fuel as a 

result of burning (Jain et al., 2024; Moustafa, 

Ahmed, et al., 2022). These agricultural wastes 

have specific characteristics such as low apparent 

density, relatively high humidity, hydrophilic 

components, low calorific value, difficulty in use 

on a large scale, and low energy density (Abd-Allah 

et al., 2025; Danewalia et al., 2016). There is also 

difficulty in transporting, handling, and storing 

these wastes. Agricultural wastes are by-products 

within the agricultural production system. 

Utilization must be maximized from them by 

converting them into organic fertilizers, fodder, 

human food, or clean energy, or manufacturing 

them (Eyssa et al., 2023; Odejobi et al., 2024). This  

contributes to achieving clean agriculture, 

protecting the environment from pollution (Abd El 

Lateef et al., 2025; Moustafa et al., 2025). 

Improving agricultural products, and providing 

employment opportunities in the countryside 

(Kaewtrakulchai et al., 2024; Mohamed Hussein & 

Egyptian Journal of Agronomy 
http://agro.journals.ekb.eg/ 

 

T 

25 



294                                                                             MOHAMED H. HEMIDA, et al., 

____________________________ 
Egypt. J. Agron. 47, No. 2 (2025) 

Hussein, 2025). Thus, improving the economic, 

environmental situation, raising the level of health 

and social status among farmers in the Egyptian 

countryside (Hemida et al., 2023; Yang & Solangi, 

2024). Biomass from agricultural waste is a unique 

fuel and has the potential to play a significant role 

in the future energy mix with the other renewables 

(Hemida et al., 2024; Yusriadi et al., 2024). 

Biomass can provide continuous electricity 

generation (Makepa & Chihobo, 2024; Moustafa, 

Nasr, et al., 2022), and is the only widespread 

source of renewable heat. Increased use of biomass 

as a source of energy (electricity and heat) will 

contribute to the reduction of CO2 emissions 

(Kalak, 2023; Youssef et al., 2025), increase energy 

security, and support sustainable development and 

regeneration of rural areas, both through increased 

agricultural and forestry activity and the provision 

of small scale localized energy and heat generation 

schemes. (Isawi et al., 2025; Ishii et al., 2016) were 

stated that converting waste into pelletizers 

facilitates handling, transportation and storage. 

Torrefied biomass could provide a way for 

countries and regions where interest in biomas s co-

firing has only recently begun to leapfrog 

technology without requiring significant 

modifications to existing plants (Daba & 

Hailegiorgis, 2023; Eling et al., 2024). Today, 

successful coffering of torrefied biomass in the 

cement industries has the potential to lower the cost 

of coal used in energy generation (Li, 2024). Rice 

straw and cotton stalk are among the most 

important field wastes due to their quantities. 

Cotton stalk leaves from an acre about 1.6 tons of 

stalk with a moisture content of 9.5%. Part of it is 

used in the production of direct energy by burning 

in ovens or molding it and then burning it, or it is 

used in a small percentage in the production of 

fodder and fertilizers (Li, 2024; Srivastava et al., 

2024). As for rice straw its annual quantity reaches 

3 million tons. An acre leaves 2 tons of straw 

annually with a moisture content of 11.8%. Part of 

it is used in many fields as an alternative raw 

material for the manufacture of paper and wood 

(Güleç et al., 2024; Moustafa et al., 2018; 

Moustafa, Hemida, et al., 2024), the production of 

biochar and active carbon, the production of fodder 

and fertilizers, as a cradle for agriculture, the 

production of mushrooms, and many other fields 

(Akshaya et al., 2023; Moustafa, Shemis, et al., 

2024). It is still most of it is burned causing high 

environmental pollution. Torrefaction  process is a 

heating process that carbonizes the biomass and 

leads to the improvement of the biomass as a fuel as 

it reduces its moisture content, which makes the 

biomass energy dense and thus increases the 

calorific value of the biomass (Aziz et al., 2024). 

Torrefaction, also known as roasting or high-

temperature drying) is a mild pyrolysis process 

based on the thermal degradation of biomass at 

temperatures ranging from 200℃ to 300 ℃, mainly 

in  inert atmosphere (Mpungu et al., 2024). This 

research aims to study the effect of torrefaction 

temperature, holding time, and waste size of rice 

straw and cotton stalk on calorific value, mass 

yield, energy yield, and energy density to be used 

as high-grade fuel 
 

Materials and Methods 

Materials 

Rice straw and cotton stalks residues were collected 

from the fields in Sharkia Governorate, Egypt, and 

cut into various sizes and weighed in preparation 

for the torrefaction process. The wastes of rice 

straw and cotton stalk were cut into different sizes 

(1.5, 3 cm). They were weighed and then placed in 

laboratory torrefaction system, this system includes 

a furnace tube has two holes connected to the 

nitrogen gas hose, which is connected to the 

nitrogen tube, and the other is connected to a wire 

with a sensor connected at one end to the 

temperature controller to estimate the temperature 

in the tube and the regularity of temperature 

stabilization. The other end of the furnace tube is 

connected to a glass tube for the exit of gases from 

it to a condenser.  These component of laboratory 

torrefaction system  as illustrated in (Fig.1) (Chen, 

C., et al., 2021). 

 

 

 

Fig. 1: Basic components of the laboratory 

torrefaction system 

 

200 gm of rice straw and 400 gm of cotton stalk 

residue were placed separately from the size of 1.5 

and 3 cm each residue, and three temperatures were 

applied for the laboratory torrefaction unit. 

Torrefaction temperature (200, 250 and 300 ℃), at 

a heating rate 15 ℃/min, and the ho lding time 

where (15, 30 and 45 minutes) for each specimen. 

All specimens were performed in a nitrogen 

atmosphere at a flow rate of 60 mL/min. The 

specimens were taken after the torrefaction process, 

and they were milling and then adding an adhesive 

to each combination, which is (hexamine), then the 

specimen was compressed into pellets. The calorific 
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value for torrefied product was estimated and the 

mass yield, energy yield and energy density for rice 

straw and cotton stalk were calculated. 

 

Energy yield and Mass yield 

 

According to (Hill et al., 2013), the primary benefit 

of torrefaction lies in its enhanced energy density 

and improved material quality. Temperature and 

processing time both affect the amount of energy 

produced during torrefaction. Mass and energy 

yield are two metrics that are used to gauge how 

effective torrefaction is (Al Afif et al., 2024; W.-H. 

Chen et al., 2021). Energy content is decreased by 

components of biomass, such as water and ash 

content. Reducing or getting rid of these elements  

makes the biomass more energy-rich. According to 

(Hill et al., 2013; Massaro Sousa et al., 2024).the 

ratio of dry torrefied biomass to dry, untreated 

biomass (Eq. 1) is the mass yield during 

torrefaction. The ratio of char's lower heating value 

to untreated biomass's lower heating value 

represents the energy yield during torrefaction (Eq. 

2) (Khairy et al., 2024) 

 

Mass yield = M1/M0   × 100        [1] 

 

Energy yield = V1/V0   × 100      [2] 

 

Where, M0 denotes the mass of the specimen 

before torrefaction process (g), M1 denotes the 

mass of the specimen after torrefaction process (g), 

𝑉0 denotes the calorific value of the specimen 

before torrefaction process (MJ/kg), as well as 𝑉1 

denotes the calorific value of the specimen after 

torrefaction process (MJ/kg). 

 

Energy Density 

The torrefaction product's energy density is still 

another crucial component(Javanmard et al., 

2023).Terms like specific energy, calorific value, 

and heating value are also linked to energy density. 

Energy density was calculated as follows(Zhou et 

al., 2024; Zhu et al., 2024): 

Energy density ratio =         [3] 

Results and Discussion 

Torrefaction product can be observed from the 

physical appearance, such as a color change from 

the original color (Fig. 2a) to a dark brown color, as 

shown in (Fig. 2b). 

 

 

Fig. 2:  Effect of torrefaction process on the 

color of cotton stalk (a)   before torrefaction  and 

(b) After torrefaction process 

 

Figures (3) through (5) show the effect of holding 

time and the size of specimen at different of 

torrefaction temperature, on calorific value for 

torriefied rice straw. The results indicated that the 

calorific value decreases with the increase in the 

size and the decrease in the holding time. Where at 

torrefaction temperature 200 ℃, holding time 15 

min the calorific value was 15.7 MJ/ kg at size 1.5 

cm.  While its value was 15.3 MJ/ kg, at size 3cm. 

On the other hand, at holding time 30 min the 

calorific value was 16.9 MJ/ kg at size 1.5 cm, 

while its value was 16.6 MJ/ kg, at size 3cm. Also, 

at holding time 45 min the calorific value was 16.5 

MJ/ kg at size 1.5 cm, while its value was 16.4 MJ/ 

kg, at size 3cm, as shown in (Fig. 3). Fig. 4. 

indicated that when a torrefaction  temperature 250 

℃ of the rice straw, the calorific value was 17.9 

MJ/ kg at holding time 15 min and size 1.5 cm. On 

the other hand, its value is greater at holding time 

30 min and size 1.5 cm where the calorific value 

was 18.7 MJ/ kg than at holding time 45 min with 

size 3 cm, where the calorific value was 17.6 MJ/ 

kg. 

 

Fig. 5. indicated that at torrefaction temperature of 

300 ℃ for the rice straw, the calorific value was 

17.75 MJ/ kg at holding time 45 min and size 

3cm.On the other hand the calorific value increases 

with the decrease in the size and the decrease in the 

holding time, where the calorific value was 18MJ/ 

kg at holding time 15 min and size 1.5 cm. The 

highest calorific value of rice straw at torrefaction 

temperature 250 ℃ with size of 1.5 cm and holding 

time of 30 min was 18.7 MJ/kg. While the lowest 

value was for the calorific value at the torrefaction 

temperature of 200 ℃, size 3 cm and the holding 

time was 15 min, as the value was 15.3 MJ/kg. 
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Fig. 3: Effect of holding time and the size of 

specimen at torrefaction temperature      

200℃ on calorific value for torriefied rice 

straw.      

 

    
Fig. 4: Effect of holding time and the size of 

specimen at torrefaction temperature 250℃ on 

calorific value for torriefied rice straw. 

 

 
Fig.5: Effect of holding time and the size of 

specimen at torrefaction temperature 300℃ on 

calorific value for torriefied rice straw. 

 

Fig. 6. and Fig. 7. Show the effect of torrefaction 

temperature, holding time and the size of specimen 

on energy yield for torriefied rice straw. it is noted 

that they are mainly affected by the size and 

torrefaction temperature, where the lower 

temperature and the small size, the value of the 

energy yield increases. The highest value was 

75.61% at size 1.5 cm, torrefaction temperature 

200℃ and holding time 30 min. On the other hand, 

the lowest value was 44.64% at torrefaction 

temperature 300 ℃ and size 3 cm and holding time 

45 min. 

 

 
Fig. 6:  Effect of torrefaction temperature for 

rice straw at size 1.5 cm on energy yield at 

different holding time. 

 

 
Fig. 7: Effect of torrefaction temperature for 

rice straw at size 3 cm on energy yield at 

different holding time. 

 

Fig.8. and Fig. 9. Show the effect of torrefaction 

temperature, holding time and the size of specimen 

on mass yield for torriefied rice straw. The results 

indicated that the mass yield mainly affected by the 

size, holding time and torrefaction temperature. The 

mass yield decreases with the increase in the size, 

holding time and torrefaction temperature. Where 

the highest mass yield was 70.1% at holding time 

15 min, size 1.5 cm and torrefaction temperature 

200 ℃. On the other hand, the lowest value was 

38% at holding time 45 min, size 3cm and 

torrefaction temperature 300 ℃. 

 

 
Fig. 8: Effect of torrefaction temperature for 

rice straw at size 1.5 cm on mass yield at 

different holding time. 
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Fig. 9: Effect of torrefaction temperature for 

rice straw at size 3 cm on mass yield at different 

holding time 

 

Table 1 shows the effect of torrefaction 

temperature, holding time and the size of specimen 

on energy density for torriefied rice straw. The 

results indicated that the highest value of energy 

density was 1.24 at torrefaction temperature 250 ℃ 

and holding time 30 min. The lowest value of 

energy density was 1.01 at temperature 200°C and 

holding time 15 min for the size of 3 cm. 

 

Table 1: Effect of torrefaction temperature, 

holding time and the size of specimen on energy 

density for torriefied rice straw. 

Operation Condition 
Size (cm) 

Holding  

time 

(min) 

Energy 

 density 

ratio 

Temperature 

(℃) 

Size 

(cm) 

200 

1.5 
15 1.04 

30 1.12 

45 1.09 

3 
15 1.01 

30 1.10 

45 1.09 

250 

1.5 
15 1.18 

30 1.24 

45 1.20 

3 
15 1.05 

30 1.20 

45 1.16 

300 

1.5 
15 1.19 

30 1.21 

45 1.20 

3 
15 1.18 

30 1.18 

45 1.17 

 

Fig. 10, Fig. 11. and Fig. 12. Show the effect of 

holding time and the size of specimen at different 

of torrefaction temperature, on calorific value for 

torriefied cotton stalk. The results indicated that the 

calorific value decreases with the increase in the 

size and the decrease in the holding time. Where at 

holding time 15 min the calorific value was 17.7 

MJ/ kg at size 1.5 cm.  while its value was 17.5 MJ/ 

kg, at size 3cm. On the other hand, at holding time 

30 min the calorific value was 18.8 MJ/ kg at size 

1.5 cm, while its value was 18.4 MJ/ kg, at size 

3cm. Also, at holding time 45 min the calorific 

value was 18.5 MJ/ kg at size 1.5 cm, while its 

value was 18.1 MJ/ kg, at size 3cm, as shown in 

Fig. 10., Fig. 11. Indicated that when a torrefaction 

temperature 250 ℃ of the cotton stalk, the calorific 

value was 19.5 MJ/ kg at holding time 15 min and 

size 1.5 cm. On the other hand, its value is greater 

at holding time 30 min and size 1.5 cm where the 

calorific value was 20.1 MJ/ kg than at holding time 

45 min with size 3 cm, where the calorific value 

was 19.2 MJ/ kg. Fig.12. indicated that when a 

torrefaction temperature 300 ℃ of the cotton stalk, 

the calorific value was 19.5 MJ/ kg at holding time 

45 min and size 3cm.On the other hand the calorific 

value increases with the decrease in the size and the 

decrease in the holding time, where the calorific 

value was 19.3 MJ/ kg at holding time 15 min and 

size 1.5 cm. The highest calorific value of cotton 

stalk at torrefaction temperature 250 ℃ with size of 

1.5 cm and holding time of 30 min was 20.1 MJ/kg. 

While the lowest value was for the calorific value at 

the torrefaction temperature of 200 ℃, size 3 cm 

and the holding time was 15 min, as the value was 

17.5 MJ/kg. 

 

 
Fig. 10: The effect of holding time and the size of 

specimen at torrefaction temperature 200℃, on    

calorific value for torriefied cotton stalk . 

 

 
Fig.11: The effect of holding time and the size of 

specimen at torrefaction temperature 250℃, on 

calorific value for torriefied cotton stalk. 
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Fig. 12: Effect of holding time and the size of 

specimen at torrefaction temperature        300℃, 

on calorific value for torriefied cotton stalk. 

 

Fig. 13 and Fig. 14. Show the effect of torrefaction 

temperature, holding time and the size of specimen 

on energy yield for torriefied cotton stalk. The 

results indicated that they are mainly affected by 

the size and torrefaction temperature, where the 

lower temperature and the small size, the value of 

the energy yield increases. The highest value was 

78.91% at size 1.5 cm, torrefaction temperature 

200℃ and holding time 30 min. On the other hand, 

the lowest value was 45.5% at torrefaction 

temperature 300 ℃ and size 3 cm and holding time 

45 min. 

 

 
Fig. 13: Effect of torrefaction temperature for 

cotton stalk at size 1.5 cm on energy yield at 

different holding time. 

 

 
Fig. 14: Effect of torrefaction temperature for 

cotton stalk at size 3 cm on energy yield at 

different holding time. 

 

Fig.15. and Fig. 16. Show the effect of torrefaction 

temperature, holding time and the size of specimen 

on mass yield for torriefied cotton stalk. The results 

indicated that the mass yield mainly affected by the 

size, holding time and torrefaction temperature. The 

mass yield decreases with the increase in the size, 

holding time and torrefaction temperature. Where 

the highest mass yield was 74.5% at holding time 

15 min, size 1.5 cm and torrefaction temperature 

200 ℃. On the other hand, the lowest value was 

40% at holding time 30 min, size 3cm and 

torrefaction temperature 300 ℃. 

 

 
Fig.15: Effect of torrefaction temperature for 

cotton stalk at size 1.5 cm on mass yield at   

different holding time. 

 

 
Fig. 16: Effect of torrefaction temperature for 

cotton stalk at size 3cm on mass yield at 

different holding time. 

 

Table 2 shows the effect of torrefaction   

temperature, holding time and the size of specimen 

on energy density for torriefied cotton stalk. The 

results indicated that the highest value of energy 

density was 1.17at torrefaction temperature 250 ℃ 

and holding time 30 min. The lowest value of 

energy density was 1.01 at temperature of 200°C 

and holding time 15 min for the size of 3 cm. Table 

3 Summarizes the mass yield and energy yield of 

rice straw and cotton stalk and other agricultural 

residues explained in previous literature. 
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Table 2: Effect of torrefaction  temperature, holding time and the size of specimen on energy density for 

torriefied cotton stalk. 

 

Operation Condition Holding time (min) Energy density ratio 

Temperature(℃) Size (cm) 

200 

1.5 

15 1.03 

30 1.09 

45 1.07 

3 

15 1.01 

30 1.07 

45 1.05 

250 

1.5 

15 1.13 

30 1.17 

45 1.15 

3 

15 1.02 

30 1.14 

45 1.11 

300 

1.5 

15 1.12 

30 1.15 

45 1.14 

3 

15 1.11 

30 1.15 

45 1.13 

 

  Table 3: Mass yield and energy yield of rice straw and cotton stalk compared to other researches. 

Agricultural Residues 
Temperature 

(℃) 

Duration 

time (min) 

Mass Yield 

(%) 

Energy 

Yield (%) 
Reference number 

Rice straw 250 30 55 71 This study 

Cotton stalk 250 30 65 75 This study 

Corn Stalk 250 30 75 70 (Poudel & Oh, 2014) 

Reed canary grass 250 30 84 86.6 (Bridgeman et al., 2008) 

Wheat straw 250 30 82.6 86.2 (Bridgeman et al., 2008) 

Fountaingrass 250 25 28.3 42.3 (Huang et al., 2012) 

Logging residue 
250 30 

81 92 
(Phanphanich & Mani, 

2011) 

Coconut fiber 250 30 87 97 (Lopes et al., 2022) 

 

 

Conclusion 

Torrefaction process of cotton stalk and rice straw 

can produce high calorific value and more uniform 

cotton stalk and rice straw especially for small size 

of cotton stalk and rice straw. High temperature of 

torrefaction can release more mass of cotton stalk 

and rice straw although the calorific value was 

high. The holding time of torrefaction can change 

the composition of volatile matter. The shorter the 

holding time of torrefaction the lower the calorific 

value and the longer the holding time of 

torrefaction the higher the calorific value with high 

mass loss. The energy yield decreases with the 

increase in the torrefaction temperature. The mass 

yield decreases with the increase in the size, the 

holding time and torrefaction temperature, when 

using torrefaction process with cotton stalk and rice 

straw. The Energy density values for torrefied 

cotton stalk ranges from 1.01: 1.17 and for torrefied 

rice straw ranges from 1.01: 1.24. 
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