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Characteristics of the Biodiesel Palm Oil Methyl Ester Pool Fire 
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Abstract. The characteristics of biodiesel pool fires with palm oil methyl ester concentrations of 7% by volume in 

various pan diameter sizes (0.05 m, 0.10 m and 0.15 m) were studied. Initially, biodiesel was heated on a hot plate to 

increase the temperature close to the flash point temperature. Later fuel was ignited and stable pool fire formed. 

Flame temperature along the centerline pool fire from flame base to flame tip were measured. Flame temperature 

shows that the temperature at flame base is higher than that the flames tip. This is due to the complete burning occurs 

near flame base and at flame tip incomplete burning exists. Incomplete burning produces yellow flame appearance. 

Moreover, the mass burn rate varies linearly with pan size. Small diameter pan produces low mass burn rate 

compared to the large diameter pan. Low and high mass burn rate contributes to the flame height. Flame with higher 

mass burn rate is longer than that the low mass burn rate. Thus, the characteristic of the biodiesel palm oil methyl 

ester is successfully studied in the present study.  

1 Introduction  

Alternative fuels are developed to replace 

petroleum-based fuels due to the gas exhaust emission 

issues and to promote energy security. Biodiesel is one 

category of the alternative fuels that is environmental 

friendly. It is used widely in Malaysia since 2010. Started 

with B5 and the recent B7 is in the market since 

November 2014. Biodiesel in Malaysia is made from 

palm oil methyl ester. Methyl ester is derived from 

vegetable oil (biodiesel). Conversion of crude palm oil to 

palm oil methyl ester (POME) was successfully done by 

The Palm Oil Research Institute of Malaysia (PORIM) 

through trans-esterification. Studies on the engine 

performance using POME were done. Moreover, due to 

low sulphur content (1.112 wt %) of the POME, clean 

emission was produced. Performance studies on the 

engine using biodiesel and POME were reported by 

various researchers [1-5] . However, the fire safety 

precautions also must be taken into consideration to 

ensure safe storage and fueling. Studies on the fire 

characteristic of other biodiesel [6-8] have been carried 

out. However, there is no scientific study on the POME 

fire behavior. Knowledge of the fire behaviors will lead 

to better safety and fire’s control when it happens as the 

use of biodiesel becomes widespread and increase the 

possibility of fire occurrence.  

Pool fire is used to imitate the fire scenario 

including fires ranging in size from a 0.005 m to fire 

diameter as large as 10
5
 [9]. Lots of studies on the pool 

fire using different types of fuel have been done. The 

important parameters in analyzing pool fire are flame 

characteristic and shape, pulsation frequency, flame 

height, detailed structure of the flame, enthalpy balance 

in the flame, enthalpy balance at the fuel surface, mass 

vaporization rate and radiative emission [9]. These 

parameters are required in modeling and combating fires.  

Biodiesel fire research received less attention in fire 

research community. Only Refs. [6-8] conducting 

biodiesel pool fire research recently. In 2011, Ref. [6] 

studied on the biodiesel pool fires of canola, soy and 

blends with petroleum diesel.  Ref. [6] observed that the 

fuel regression rate of the surface in all pans size was 

comparable. It is also revealed that burning rate of the 

fuel mass as well as the surface regression rate varied 

non-monotonically with the concentration of biodiesel in 

the blend. Later, Ref. [7] blended canola methyl ester, 

soy methyl ester with Jet A fuel. They found that the fuel 

mass burning rate in the small pan was less than that of 

larger pan for all type of flames. Moreover, the fuel 

surface regression rate was reduced when the biodiesel 

concentration in the blends was greater than 75% in 

volume. Since there is no study on the POME fire 

behavior, which is important for safety, therefore, the 

objective of the study is to investigate the pool fires 

characteristics of palm oil methyl ester in various pan 

diameters.  

2 Experiment Set Up  

An experimental setup diagram is shown in Fig. 1.The 

fuel pan was placed on a top of hot plate in this 

experiment. Three cylindrical aluminum pans were used 

to fire the biodiesel; The pan’s inner diameter were 0.05 

m, 0.10 m and 0.15 m while its height is 0.1 m. The pans 
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were filled with the fuel at various volumes. A 0.5 cm 

gap was left between the biodiesel surface and the 

container lid. Gap between the lid and biodiesel surface 

serves two purposes. There are: to allow volumetric 

expansion of biodiesel upon heating and also to prevent 

spilling. Six K-type thermocouples were spaced at 0.02 m 

vertically started at 0.01 m above the container lid.

Flames temperatures were recorded by the thermocouples 

as shown in Fig. 1. Initially the hot plate was turned on 

and once the fuel reached flash point temperature, an

igniter was used to ignite the biodiesel.  The hot plate was 

turned off and the temperatures were recorded when the 

fire was sustained. When a fire was sustained, the hot 

plate was turned off and all the data were recorded. The 

flame height is measured by investigate the flame with 

scale on it side. 

 

 

Figure 1. Schematic diagram of the experimental setup. 

3 Results and discussion  

Figure 2 shows photographs of the biodiesel flames at 

various pan’s diameter. The flames were sensitive to the 

ambient wind condition and yellow color is attributed to 

the incomplete combustion. Moreover, 0.05 m pan 

produces laminar flame. On the other hand 0.1 m and 

0.15 m produces flame in a transition regime. This result 

agreed with Ref. [9]. The flame height was 18 cm for the 

0.05 m diameter pan (Fig. 3) and increase monotonically 

with increase in pan diameter. The increase of pan 

diameter increases flame height is due to increase in mass 

burn rate. Moreover, high fuel mass burn rate leads to 

higher heat release rate, thus increases flame height. It 

can be seen in Fig. 4, the fuel mass burn rate of 0.05 m 

diameter pan was significantly smaller than that of the 

0.15 m diameter pan flames (Fig. 4). Higher mass burn 

rate for large diameter pan is because of more heat being 

transferred by conduction to the fuel. This can be 

explained by theory of heat transfer in pool fire.  

 

 

 

Figure 2. Photograph of the biodiesel palm oil methyl ester 

pool fire at various pan diameters.

Figure 3. Flame height of the biodiesel palm oil methyl ester 

pool fire at various pan diameters.

Figure 4. Mass burn rate of the biodiesel palm oil methyl ester 

pool fire at various pan diameters.
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Figure 5. Flame temperature profile of the biodiesel palm oil 

methyl ester pool fire at various pan diameters.

Figure 6. Highest temperature of the biodiesel palm oil methyl 

ester pool fire at various pan diameters.

4 Conclusions 

The present study investigate combustion characteristics 

of pool fires biodiesel palm oil methyl ester fuel in 

various pan diameters. The flame appearance, fuel mass 

burn rate, temperature profile were measured.  From this 

study, it can be concluded that: 

(a) More heat is being transferred by conduction in large 

pan resulted smaller mass burning rate from small 

container flames compared to that of large container 

flame.  

 (b)  Smaller pan produced shorter flame due to the lower 

rate of heat release  

 (d) Similar temperature profiles were observed for all 

type of flames. The maximum temperature was recorded 

at the flame base attributed to complete combustion. 
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