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Abstract. The sugar industry is confronted with the problem of safe bagasse storage over 
extended periods. In term of fire safety, there have been many instances that the 
spontaneous ignition promotes ignition inside a large bagasse stockpile and eventually the 
spontaneous ignition process develops to a flaming fire. This paper presents a method to 
determine a safe size for bagasse stockpile from spontaneous ignition. The kinetic 
parameters for spontaneous ignition of bagasse were estimated based on two methods: the 
Frank-Kamenetskii method and the crossing point method. The bagasse activation 
energies experimentally determined were ranged from 89 to 109 kJ/mol. Based on the 
calculated kinetic parameter values, the bagasse stockpile safe sizes for a sugar factory were 
estimated in term of graphical solutions. For a fixed surrounding temperature, as the 
bagasse stockpile radius or length increases, the height of the stockpile that spontaneous 
ignition does not occur decreases and approaches the asymptotic value as the stockpile 
radius or length approaches infinity. The graphical solutions showed that a bagasse 
stockpile with any radius or length stored with height below the asymptotic height for a 
given surrounding temperature was considered to be safe from spontaneous ignition. 
Applying the calculated activation energy of 89 kJ/mol, the asymptotic heights for bagasse 
stockpiles were 10.0 m, 7.8 m, and 6.0 m for surrounding temperatures of 40oC, 45oC and 
50oC, respectively. 
 
Keywords: Spontaneous ignition, bagasse, fire safety.  
 
 

ENGINEERING JOURNAL Volume 21 Issue 3 
Received 17 August 2016 
Accepted 24 November 2016 
Published 15 June 2017 
Online at http://www.engj.org/ 
DOI:10.4186/ej.2017.21.3.37 



DOI:10.4186/ej.2017.21.3.37 

38 ENGINEERING JOURNAL Volume 21 Issue 3, ISSN 0125-8281 (http://www.engj.org/) 

1. Introduction 
 
In year 2015, Thailand was the worlds’ second-largest sugar exporter, following Brazil. In the 2014/15 crop 
year, the Thai sugar industry produced approximately 11.3 million metric tons of sugar [1]. In the sugar 
extraction process, sugarcane is pressed to extract its juice and bagasse, the residue from the extracted 
sugarcane is produced as a by-process product. The sugar industry is faced with the problem of safe 
bagasse storage over extended periods. In term of fire safety, there have been many instances that the 
spontaneous ignition promotes ignition inside a large bagasse stockpile and eventually the spontaneous 
ignition process develops to a flaming fire, for examples, fires on colossal bagasse stockpiles in sugar 
factories in Nakhon Sawan province [2] and in Udon Thani province [3].  

Spontaneous ignition or spontaneous combustion are terms applied to the process of auto-ignition 
arising from exothermic process within material itself [4]. The term self-heating is also used to describe the 
exothermic process leading to the ignition event. Common materials that spontaneous ignition can occur 
are coal stacks, sawdust piles, grain dust stockpiles, cotton meal stockpiles, haystacks, dry freshly made 
chipboard stacks, as well as bagasse stockpiles.  

Large scale experimental study for spontaneous ignition of bagasse stockpile was performed by Dixon 
[5]. In his work, various sizes of bagasse stockpiles were employed with the largest stockpile size of 75 m by 
25 m and 6 m high. His experimental results showed that for large stockpile, the size and geometry did not 
significantly affect the spontaneous ignition process. The environmental effects on spontaneous ignition 
were investigated. These included water effects [6], reduced ambient oxygen volume fraction effects [7], and 
cooked and uncooked material effects [8]. There were several studies on the spontaneous ignition of coal. 
The experimental studies for determining the coal kinetic parameter for spontaneous ignition were done by 
Jones [9, 10]. Numerical simulations for spontaneous ignition and combustion of coal were carried out for 
two-dimensional setup [11] and three-dimensional setup [12]. These simulations were mainly to investigate 
the spontaneous ignition with porosity effects. 

The objectives of this paper were to determine the kinetic parameters for spontaneous ignition of 
bagasse and to determine the bagasse stockpile size that is safe from spontaneous ignition for a given 
surrounding temperature. The methods to determine the kinetic parameters of bagasse were based on two 
approaches: the Frank-Kamenetskii method and the crossing point method. For the bagasse stockpile safe 
size, typically, the shape of bagasse stockpile is not a geometric shape, since bagasse is randomly dumped 
on the field after the sugarcane extraction process. However, in order to obtain mathematical expressions 
of the stockpile safe size, we shall approximate the stockpile with two geometric shapes: a cylinder and a 
rectangular box. The solutions for the bagasse stockpile safe size were then presented in term of graphical 
plots. 
 

2. Spontaneous Ignition Theory 
 
Different from flaming ignition such as piloted ignition and auto-ignition which initially arises in the gas 
phase, spontaneous ignition takes place in the solid-phase. It occurs on the lower bound of ignition 
temperature [8]. The ignition mechanism depends on self-heating within the material. Therefore, the 
governing equation can be based on the solid heat conduction equation with a heat generation term as 
 

    QTk
t

T
c 


 2 ,      (1) 

  

where   is density, c  is specific heat capacity, k  is thermal conductivity, T  is temperature, t  is time, and 

Q  is heat release rate per unit volume. 

Term Q  , heat release rate per unit volume, is due to the exothermic chemical reactions or biological 

processes within the material. If we assume the porosity of fuel (i.e. bagasse) is high so that oxygen can 
easily diffuse from surrounding to react with fuel inside the material matrix, then the reaction can be 
written in term of a zeroth-order Arrhenius rate equation where the reaction rate depends on temperature 

only. Accordingly, Q   in Eq. (1) can be written as 
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where A  is the pre-exponential factor, E  is the activation energy, Ch  is the fuel heat of combustion, and 

R  is the universal gas constant (8.314 J/mol.K). 

The unit of Q   is kW/m3 , and the unit of Ch  is kJ/kg. Therefore the unit of the pre-exponential 

factor A  in Eq. (2) shall be kg/s.m3. In order to evaluate the likelihood of spontaneous ignition of material, 

the kinetic parameters of E  and A  must be determined. Generally, this can be done by two methods: the 
Frank-Kamenetskii method and the crossing point method. This work will present both methods in how to 
determine the kinetic parameters. 
 
2.1. Frank-Kamenetskii Method 
 
An early attempt to solve Eq. (1) for spontaneous ignition problem was carried out by Frank-Kamenetskii 
[13]. The method assumed that self-heating to spontaneous ignition can be predicted based on the 
existence of the solutions to the system’s steady energy equation. Thus the steady state equation of Eq. (1) 
is   

    02  QTk  .       (3) 

  

Normalize the spatial coordinate with the system characteristic length 0r , the nondimensional form of 

Eq. (3) is 
  

    02   e  ,       (4) 
 

where   is the nondimensional temperature given as 
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where T  is the surrounding temperature. 

A dimensionless parameter   which represents the ratio of chemical energy to thermal conduction in 
Eq. (4) called the Damkohler number is written as 
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For a given geometry, Eq. (4) is subjected to the centre boundary conditions and the surface boundary 

condition. The centre boundary condition is given by a symmetry condition as  
  

    0
0
 ,      (7) 

 
where the subscript 0 stands for the fuel centre. 

 The surface boundary condition can be written in term of the heat conduction into the fuel matrix 
which is balanced by the heat convection at the fuel surface, 

 

    0 SS
Bi ,      (8) 

 
where the subscript S stands for the fuel surface, and Bi  is the Biot number which defines as 
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k

hr
Bi 0      (9) 

 

where h  is the convective heat transfer coefficient and 0r  is the system characteristic length. 

In the case where the heat transfer coefficient is very high, Bi , then the boundary condition Eq. 
(8) reduces to 

 

    0S       (10) 

 

There is a maximum value for   for which a solution of Eq. (4) exits, C , which is known as the 

critical Damkohler number. The critical Damkohler number C  is principally a function of geometric 

shape of the solid and the Biot number. Beever [14] gave an excellent review of the critical Damkohler 
numbers for various geometries and the corrections required for proper application. 

In the experimental implementation of the Frank Kamenetskii method, Eq. (6) in term of the critical 

Damkohler number C  is rearranged as 
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where igT ,  is the critical surrounding temperature (the ignition temperature) that spontaneous ignition can 

occur for a given geometric shape, 1m  is a slope of the linear plot for the Frank Kamenetskii method, and 

1C  is a y-axis interception of the linear plot. 

Plotting 
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 versus igT ,/1   allows the value of RE /  to be determined from the slope 1m  of 

the linear plot. The value of khA C /  can then be obtained from the y-axis interception, where 
















 










k

hA

R

E
C Cln1 . 

Various tests were conducted in a convective oven on varying sizes of samples, for this work a cube of 

width 2 0r  , to determine igT , , for each size. Each experiment consists of placing the prepared samples 

into a preheated isothermal oven. If the sample centre temperature 0T  exhibits thermal runaway 

(spontaneous ignition), the surrounding (oven) temperature for that size is lower, until the lowest oven 

temperature that spontaneous ignition can occur is found and this temperature is defined as igT ,  for that 

sample size. Finally, knowing C , 1m , and 1C , Eq. (11) can be used to predict critical temperatures as a 

function of size for the material under interest. In practice, the Frank Kamenetskii method can become 

cumbersome because of the lengthy experimental iteration process to determine 1m  and 1C . In additional, 

large amounts of material required, and as the critical condition is approached, the times to spontaneous 
ignition to occur become lengthy. 
 
2.2. Crossing Point Method 
 

To avoid lengthy iteration in determining igT , , Chen et al. [15, 16] and Jones et al. [9, 10] introduced an 

alternative approach for evaluation of the chemical kinetic parameters governing spontaneous ignition. 
Their approach was known as the crossing point method. Instead of finding a critical temperature for each 
sample size, as required by the Frank Kamenetskii method, a crossing point between temperatures is sought. 
At the crossing point, for Jones approach, the oven temperature is the same as the sample centre 
temperature and for Chen approach, the sample centre temperature is the same as the sample surface 
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temperature. This means in both Jones and Chen approaches the temperature gradient ( T ) in the heat 
conduction equation (Eq. 1) disappears and the heat conduction equation reduces to 
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where the subscript CP stands for the crossing point.  

Rearrange Eq. (12) as 
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where CPT  is the crossing point temperature, 2m  is a slope of the linear plot for the crossing point method, 

and 2C  is a y-axis interception of the linear plot. 

A plot of 














CPt

T
ln  versus CPT/1  yields a straight line whose slope, REm /2  , gives the 

activation energy and whose y-axis interception, 






 


c
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ln2 . The plot of Eq. (13) can be produced 

by varying the oven temperature or by varying the size of the sample.  

The slopes of Eq. (11), 1m , and Eq. (13), 2m , are essentially the same, however the y-axis interceptions 

are different by the value of  )/(ln RE  (i.e.  )/(ln21 RECC  ) , where   is the thermal diffusivity 

of material (i.e. ck  / ).  

The advantages of the crossing point method over the Frank-Kamenetskii method in determining the 
kinetic parameters are the followings. First, almost every test results in a data point on the graph, even if the 
oven temperature is lower than the critical temperature (subcritical temperature) for that sample size. 
Second, it eliminates the direct Biot number effects on data interpretation. Therefore, the heat transfer 
coefficient in the oven and the conductivity of the sample need not be known during the experiments. 

Finally, the critical Damkohler number C  do not need to be evaluated in the experiment.  

 

3. Experimental Setup 
 
The experimental study of spontaneous ignition of bagasse was carried out in a natural convective oven 
Memmert model UNB 100 as shown in Fig. 1. Three type K thermocouples were installed to continuously 
measure sample surrounding (oven) temperature, sample surface temperature, and sample centre 
temperature. Bagasse samples were collected from bagasse stockpile fields and kept in a black plastic bag to 
preserve the same original condition as they were in the actual stockpile field as much as possible. Three 
wire mesh cubical baskets with widths of 8, 9 and 10 cm were used in the experiments. In every test, a 
density of bagasse filled in the basket was kept constant at approximately 1 g/cm3. A test started by 
preheating the oven to a setting temperature. When the oven temperature reached a steady state setting 
temperature, the oven door was opened, a sample was placed into the oven and then closed the oven door. 
The surrounding (oven), sample surface, and sample centre temperatures were continuously monitored via 
a DAQ system with a sampling rate of 1 Hz. Each test was carried out until the sample centre temperature 
exhibited a thermal runaway, or no sign of ignition was observed after the sample centre temperature 
reached the oven temperature for at least 2 hours time period. 

For the Frank-Kamenetskii method, a sample centre temperature was a main parameter to observe. A 
test stopped when the sample centre temperature exhibited a thermal runaway (spontaneous ignition). Then 
the oven temperature was lower and the test was repeated for the same basket size until the lowest oven 
temperature that spontaneous ignition can occur was found and this oven temperature was defined as the 
critical surrounding temperature (ignition temperature) for that sample size. At least two tests were repeated 
at the critical surrounding temperature to ensure the test data repeatability. 
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For the crossing point method, the crossing point temperatures were determined depending on Jones 
method [9] or Chen method [15]. For Jones method, the crossing point temperature was defined at the 
temperature when the sample centre temperature was equal to the surrounding (oven) temperature. For 
Chen method, the crossing point temperature was defined at the temperature when the sample centre 
temperature was equal to the sample surface temperature. Every test data could be used to determine the 
crossing point temperatures even for a test where the oven temperature was lower than the ignition 
temperature. 

 
Fig 1. Experimental setup for a study of spontaneous ignition of bagasse stockpile. 

 

4. Results 
 

4.1. General Observation 
 

Temperature evolution with time for a sample basket size of 10 cm at critical and subcritical surrounding 
temperatures are illustrated in Fig. 2 and Fig. 3, respectively. It should be noted that the oven was preheated 
to a setting temperature prior to each test, and thus the oven temperature was constant. However, the 
thermocouple used to measure the oven temperature was placed in its position at the same time when 
placed the sample into the oven. Therefore the reading temperatures of the oven started from the room 
temperature as same as the sample surface and its centre. In Fig. 2, at the oven temperature of 190oC, the 
sample centre temperature increased with time until it crossed with the oven and surface temperatures. The 
crossing points were indicated with a broken line circle in the figure. After the crossing points, the centre 
temperature still continued to rise until at approximately 14,000 seconds, a thermal runway was achieved. 
The test was repeated by lowering the oven temperature to 187.5oC. At this oven temperature of 187.5oC 
(see Fig. 3), the sample surface and centre temperatures rose with time until they reached steady state. No 
sign of spontaneous ignition was found as the centre temperature stayed flat until the test finished. 
Accordingly, the oven temperature of 190oC was the lowest temperature that the spontaneous ignition 
could occur. Therefore this temperature was defined as the critical surrounding temperature for a cubical 
basket size of 10 cm. Although the spontaneous ignition did not occur at the oven temperature of 187.5oC, 
the crossing points for both Jones and Chen methods still could be determined as indicated by a broken 

line circle in Fig. 3. The experiments were carried out for a cubical basket of width 2 0r  for three sizes (e.g. 

8, 9, and 10 cm). The test data for the critical surrounding temperatures, the crossing point temperatures 
for both Jones and Chen methods are summarized in Table 1.  

Figure 4 illustrates sample behaviour at the cubical centre after the tests for the basket size of 10 cm. 
The left picture depicted the case where the oven temperature was 190oC. After removed bagasse covering 
on the surface, ignition evidence was noticed. The bagasse at the cubical centre turned black as it became 
char due to the pyrolysis process. On the right picture of Fig. 4 where the oven temperature was 187.5oC, 
no evidence of ignition was observed as the bagasse at the centre still looked like a virgin bagasse.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Three thermocouples are used to measure the oven and sample temperatures. 
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Fig. 2. Temperature evolution with time for a basket size of 10 cm at an oven temperature of 190oC 
(critical surrounding temperature).  
 

 
Fig. 3. Temperature evolution with time for a basket size of 10 cm at an oven temperature of 187.5oC 
(subcritical surrounding temperature). 
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Fig. 4. Pictures of sample centre after the tests for cubical sample basket size of 10 cm.  
 
Table 1. Summary of critical surrounding (oven) temperatures, crossing point temperatures, and slopes at 

the crossing point of the centre temperature ( CPtT )/(  ). 

 

Sample 
cubical 

basket size, 

2 0r  

(cm) 

Surrounding 
(oven) 

temperature 
(oC) 

Jones method Chen method 

Remark CPT  

(oC) CPt

T













(oC/s) 

CPT  

(oC) CPt

T












 

(oC/s) 

8 197.5 197 0.027 198 0.023 Not ignite 
8 200 201 0.034 201 0.033 Ignite 
8 200 200 0.021 200 0.033 Ignite 
9 192.5 191 0.019 194 0.018 Not ignite 
9 195 194 0.030 196 0.027 Ignite 
9 195 194 0.026 196 0.024 Ignite 
10 187.5 187 0.016 188 0.015 Not ignite 
10 190 189 0.019 191 0.017 Ignite 
10 190 189 0.019 190 0.018 Ignite 

 
 

4.2. Frank-Kamenetskii Method 
 
In previous work in progress [17], the bagasse activation energy based on the Frank-Kamenetskii method 

has been reported and it is presented again here. Fig. 5 plots a linear line of 















0

2
,

ln
r

T CC
 versus igT ,/1   

according to Eq. (11). For a cube of width 2 0r , the critical Damkohler number C  is 2.52 [14]. The plot 

relation is extremely linear, with a correlation coefficient ( 2R ) of 0.998. Determining from the slope and y-

axis interception, the activation energy of 89 kJ/mol and khA C /  of 2.221014 K/m2 were obtained. 
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Fig. 5. A linear plot of 















0

2
,

ln
r

T CC
 vs. igT ,/1   for the Frank Kamenetskii method. 

 
4.3. Crossing Point Method 
 

A linear plot of 














CPt

T
ln  versus CPT/1  for both Jones and Chen crossing point methods are shown in 

Fig. 6 From the slopes of the linear trend lines, the activation energy based on Jones crossing point was 109 
kJ/mol, and based on Chen crossing point was 104 kJ/mol. The activation energy values based on both 
approaches show good agreement within 5 percent difference.  
 

 

Fig. 6. A linear plot of 














CPt

T
ln  vs. CPT/1  for the crossing point method. 
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5. Discussions 
 

5.1. Activation Energy 
 
A survey of bagasse activation energy for various sources compared with this work is presented in Table 2. 
Nassar et al. [18] carried out a series of TGA and DTA experiments for small sample sizes (an initial mass 
of approximately 18 mg) of bagasse in Egypt and suggested that the pyrolysis process of bagasse could be 
split into two stages: volatilization stage and decarbonization stage. The activation energy in air was found 
to be higher than in an inert atmosphere. They reported the bagasse activation energy values of 127.49 
kJ/mol for heating in air and 87.90 kJ/mol for heating in Nitrogen. Munir et al. [19] reported that the 
activation energy of sugarcane bagasse was raging from 58 to 71 kJ/mol for heating in Nitrogen and from 
75 to 116 kJ/mol for heating in air. These findings were in good agreement with Nassar et al. results. Recent 
work, from Edreis et al. [20] and Edreis and Yao [21] showed that the activation energy values for sugarcane 
bagasse were ranging from 70.44 to 88.37 kJ/mol for heating in a carbon dioxide atmosphere and from 
131.20 to 141.61 kJ/mol for heating in a 75% steam and 25% Nitrogen by volume atmosphere.  

The bagasse activation energies determined from this work were 89 kJ/mol (Frank-Kamenetskii 
method), 109 kJ/mol (Jones crossing point), and 104 kJ/mol (Chen crossing point). The percent difference 
of activation energy based on the Frank-Kamenetskii method and the crossing point method was 
approximately 20%. In general, the activation energy values from this work were comparable with the 
literature values.  
 
Table 2. A survey of activation energy of bagasse. 
 

Heating 
atmosphere 

Activation energy, E  
(kJ/mol) 

References 

Air 89 Present work (Frank-Kamenetskii method) 
Air 109 Present work (Jones crossing point) 
Air 104 Present work (Chen crossing point) 
Air 127.49 [18] 
Nitrogen 87.90 [18] 
Air 75-116 [19] 
Nitrogen 58-71 [19] 

75% Steam, 
25% Nitrogen 

131.20-141.61 [21] 

Carbon dioxide 70.44-88.37 [20] 

 
5.2. Bagasse Stockpile Safe Size 
 
This section is intended to demonstrate how to determine a safe size of bagasse stockpile. Typically, 
bagasse from the sugar extraction process in a factory is piled up in a non-geometric shape as shown in Fig. 
7. In order to estimate the safe size, the bagasse stockpile was assumed to follow two geometric shapes: a 

cylinder of radius 0r  and height 2 0l  and a rectangular box of dimensions 2 0a 2 0b 2 0l  (see Fig. 7). The 

spontaneous ignition is possible to occur when the Damkohler number calculated from Eq. (6) for a given 

surrounding temperature ( T ) is greater than the critical Damkohler number ( C ) for that geometry. 

Beever [14] reported the critical Damkohler numbers for a cylinder and a rectangular box as the followings: 
 

A cylinder:    

2

0

0841.02 









l

r
C       (14) 

 

A rectangular box:  





































2

0

0

2

0

01873.0
b

l

a

l
C   for 000 ,bal     (15) 

 



DOI:10.4186/ej.2017.21.3.37 

ENGINEERING JOURNAL Volume 21 Issue 3, ISSN 0125-8281 (http://www.engj.org/)  47 

where C  is the critical Damkohler number for a given geometry, 0r  is a cylinder radius, 0a  is a half-length 

of a rectangular box, 0b  is a half-width of a rectangular box, and 0l  is a half-height of a cylinder or a 

rectangular box. 
Equating Eq. (6) with Eq. (14) when approximating a bagasse stockpile shape as a cylinder and Eq. (15) 

when approximating a bagasse stockpile shape as a rectangular box, and using the activation energy E of 89 

kJ/mol and khA C /  of 2.22  1014 K/m2, the plots of bagasse stockpile safe sizes for surrounding 

temperatures of 40oC, 45oC, and 50oC were drawn in Fig. 8 for a cylinder and Fig. 9 for a rectangular box. 
It should be noted that the maximum surrounding temperature for 64 years period (1951-2014) in Thailand 
based on a statistical data from Thai meteorological department [22] was approximately 45oC.  

The interpretations of Fig. 8 and Fig. 9 are the followings. All the bagasse stockpiles with geometric 
sizes fall in the area under curve for a given surrounding temperature of Fig. 8 and Fig. 9 are safe from the 
spontaneous ignition. In contrast, the spontaneous ignition is possible to occur for the bagasse stockpile 
sizes falling outside the area under curve for that surrounding temperature. As the surrounding temperature 
increases, the area under curve decreases meaning that the spontaneous ignition is more likely to occur with 

increasing the surrounding temperature. Increasing the radius 0r  for a cylinder or length 0a  for a 

rectangular box, the safe size of half-height 0l  decreases. When a cylinder radius or a rectangular box 

length increases to approach infinity, both geometric shapes approach an infinite slab of half-height 0l . 

This confirms that for large stockpile storage, a geometric shape did not affect the spontaneous ignition as 

experimentally observed by Dixon [5]. For a fixed surrounding temperature, as the radius 0r  or the length 

0a  approach infinity (e.g. a bagasse stockpile area is relatively large comparing to its height), the half-height 

0l  approaches the asymptotic half-height ,0l . This means that for a bagasse stockpile with any radius or 

length stored with a half-height 0l  below the asymptotic half-height ,0l for that surrounding temperature 

is safe from spontaneous ignition. 
 

 
 
Fig. 7. A typical bagasse stockpile in a sugar factory and its approximation as a geometric shape. 
 

 
 
 
 
 
 
 
 
 
 approximate as a cylinder 
 
 
 
 
 A typical bagasse stockpile shape 
 
 
 
 
 
 
 approximate as a rectangular box 

02l

02a

02b

0r

02l
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Fig. 8. Safety curve plot based on a cylindrical shape of bagasse stockpile. 

 

 
Fig. 9. Safety curve plot based on a rectangular box shape of bagasse stockpile. 

 
Table 3 summarizes the asymptotic half-heights and thus the asymptotic heights for the surrounding 

temperatures of 40oC, 45oC, and 50oC. In term of a fire safety concern, in order to avoid the risk for 
spontaneous ignition to occur, Table 3 suggests that a stockpile height should keep below 10.0 m, 7.8 m, 
and 6.0 m when stored in the surrounding temperatures of 40oC, 45oC, and 50oC, respectively. 

 
Table 3. Asymptotic safe heights for bagasse stockpiles estimated from Fig.8 and Fig.9. 
 

Surrounding temperature, T  

(oC) 

Asymptotic half-height, ,0l  

(m) 

Asymptotic height,   ,0,0 2lh  

(m) 

40 5.0 10.0 
45 3.9 7.8 
50 3.0 6.0 
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6. Conclusion 
 
This paper has presented two methods to determine the kinetic parameters for spontaneous ignition of 
bagasse, the residue from the sugar extraction process from sugarcane, namely the Frank-Kamenetskii 
method and the crossing point method. The bagasse activation energy values determined for the 
experiment were 89 kJ/mol (based on Frank-Kamenetskii method), 104 kJ/mol (based on Chen crossing 
point method), and 109 kJ/mol (based on Jones crossing point), respectively.  

Based on the calculated kinetic parameter values, the bagasse stockpile safe sizes for a sugar factory 
were determined in term of graphical solutions. For a fixed surrounding temperature, as the bagasse 

stockpile radius or length increases, the half-height 0l  of bagasse stockpile that spontaneous ignition does 

not occur decreases and approaches the asymptotic half-height ,0l  
as the stockpile radius or length 

approaches infinity. A bagasse stockpile with any radius or length stored with height below the asymptotic 

height ,0h  (i.e.   ,0,0 2lh ) is considered to be safe from spontaneous ignition for that given 

surrounding temperature. Using the calculated activation energy of 89 kJ/mol, the asymptotic heights for 
bagasse stockpiles were 10.0 m, 7.8 m, and 6.0 m for surrounding temperatures of 40oC, 45oC and 50oC, 
respectively. 
 

References 
 
[1] TRIS_Rating. (2015). Sugar industry [Online]. Available: http://www.trisrating.com/en/article-

research/3798-research150515.html, [Accessed: 1 August 2016] 
[2] Manager_Online. (2013). Hot! Fire erupted as a result of burning bagasse, a sugar factory colossal pile [Online]. 

Available: http://www.manager.co.th/Local/ViewNews.aspx?NewsID=9560000040861, [Accessed: 
14 June 2016] 

[3] Bright_TV. (2015). Smoldering fire of bagasse stockpiles, Udon Thani [Online]. Available: 

http://www.brighttv.co.th/th/news/จนทคุมไฟไหม้กองกากอ้อยแต่ยังระอุภายในเฝ้า-24-ชม-จอุดรธานี, [Accessed: 1 

August 2016] 
[4] J. G. Quintiere, “Spontaneous ignition,” in Fundamentals of Fire Phenomena. Chichester, England: Wiley, 

2006, ch. 5. 
[5] T. F. Dixon, “Spontaneous combustion in bagasse stockpiles,” in Proceeding of Australian Society of Sugar 

Cane Technologists, 1988. 
[6] B. F. Gray, M. J. Seton, B. Halliburton, and C. Macaskill, “Wetting-induced ignition in cellulosic 

materials,” Fire Safety Journal, vol. 37, p. 465, 2002. 
[7] M. Schmidt, C. Lohrer, and U. Krause, “Self-ignition of dust at reduced volume fractions of ambient 

oxygen,” Journal of Prevention in the Process Industries, vol. 16, pp. 141-147, 2003. 
[8] B. R. Cuzzillo and P. J. Pagni, “The myth of pyrophoric carbon,” in Fire Safety Science - Proceedings of the 

Sixth International Symposium, 1999. 
[9] J. C. Jones, P. S. Chiz, R. Koh, and J. Matthew, “Kinetic parameter of oxidation of bituminous coals 

from heat-release rate measurements,” Fuel, vol. 75, pp. 1755-1757, 1996. 
[10] J. C. Jones, K. P. Henderson, J. Littlefair, and S. Rennie, “Kinetic parameters of oxidation of coals by 

heat-release measurement and their relevance to self-heating tests,” Fuel, vol. 77, pp. 19-22, 1998. 
[11] T. Handa, M. Morita, O. Sugawa, T. Ishii, and K. Hayashi, “Computer simulation of spontaneous 

combustion of coal storage,” Fire Science and Technology, vol. 3, pp. 13-24, 1983. 
[12] Z. Yan,, P. Blomqvist, U. Goransson, G. Holmstedt, L. Wadso, and P. Van Hees, “Validation of CFD 

model for simulation of spontaneous ignition in bio-mass fuel storage,” in Fire Safety Science Proceedings 
of the Eighth International Symposium, 2005, pp. 151-162. 

[13] D. A. Frank-Kamenetskii, Diffusion and Heat in Chemical Kinetic, 2nd ed. New York: Plenum Press, 1969. 
[14] P. F. Beever, “Self-heating and spontaneous combustion,” in SFPE Handbook of Fire Protection 

Engineering, 2nd ed. P. J. DiNenno, Ed. Quincy, Massachusetts: Society of Fire Protection Engineering, 
1995, ch. 2-12. 

[15] X. D. Chen, L. V. Chong, and I. R. Shaw, “Thermal ignition kinetics of wood sawdust measured by a 
newly devised experimental technique,” Process Safety Progress, vol. 14, pp. 266-270, 1995. 



DOI:10.4186/ej.2017.21.3.37 

50 ENGINEERING JOURNAL Volume 21 Issue 3, ISSN 0125-8281 (http://www.engj.org/) 

[16] X. D. Chen and L. V. Chong, “The characteristics of transient self-heating inside an exothermically 
reactive porous solid slab,” Transactions of the Institution of Chemical Engineers, vol. 73, pp. 101-107, 1995. 

[17] P. Pongsamana and N. Boonmee, “An experimental study of spontaneous ignition of bagasse,” in The 
Proceeding of 53rd Kasetsart University Annual Conference, 2015, Bangkok, Thailand. 

[18] M. M. Nassar, E. A. Ashour, and S. S. Wahid, “Thermal characteristics of bagasse,” Journal of Applied 
Polymer Science, vol. 61, pp. 885-890, 1996. 

[19] S. Munir, S. S. Daood, W. Nimmo, A. M. Cunliffe, and B. M. Gibbs, “Thermal analysis and 
devolatilization kinetics of cotton stalk, sugar cane bagasse and shea meal under nitrogen and air 
atmospheres,” Bioresource Technology, vol. 100, 1413-1418, 2009. 

[20] E. M. A. Edreis, G. Luo, and H. Yao, “Investigations of the structure and thermal kinetic analysis of 
sugacane bagasse char during non-isothermal CO2 gassification,” Journal of Analytical and Applied 
Pyrolysis, vol. 107, 107-115, 2014. 

[21] E. M. A. Edreis and H. Yao, “Kinetic thermal behaviour and evaluation of physical structure of sugar 
cane bagasse char during non-isothermal steam gasification,” Journal of Materials Research and Technology, 
vol. 5, no. 4, pp. 317-326, 2016.  doi:10.1016/j.jmrt.2016.03.006 

[22] Meteorological_Department. (2016). Extreme maximum temperature during summer in Thailand 64 years 
period: 1951-2014. [Online]. Available: 
http://www.tmd.go.th/programs/uploads/tempstat/max_stat_latest_en.pdf [Accessed: 3 August 2016] 

 
 


