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Abstract. In this paper, storage effect on biodiesel properties for high blending ratio and the emission 

are evaluated. The blend level of biodiesel is denoted as B, followed by the percentages of pure 

biodiesel. The samples used are conventional diesel (STD), B80, B90 and B100 were stored at ambient 

temperature (24 ˚C) for nine week. The properties of biodiesel which are acid value, flash point, 

viscosity, density and water content were measured according to ASTM D6751 biodiesel fuel standard. 

Results show there are no significant effects on it properties while stored in long duration at ambient 

temperature. Meanwhile, increasing biodiesel ratio is found to enhance the combustion process, 

resulting in decreased the HC for emissions.  

Introduction 

Malaysia Palm oil industry is the fourth contributor to the national economy. Currently, Malaysia is the 

world‟s largest exporter and the second largest production after Indonesia for crude oil [1]. The palm 

oil had gone through trans-esterification process where palm oil and alcohol (ethanol/methanol) are 

mixed together with the presence of catalyst (NaOH/KOH) to produce methyl ester (biodiesel) and 

glycerin [2]. Biodiesel can be considered as an alternative fuel due to the fact that it can be used in 

diesel engine [3-5]. In addition to that, biodiesel also is a type of renewable and green source of fuel 

since it can be produced from living organism and emits less harmful greenhouse gasses upon 

combustion [7]. To demonstrate the potential of biodiesel fuel, the investigation will be on the storage 

effect to the biodiesel high blending ratio properties and also its emission.  

Pure biodiesel (B100) can be used directly as fuel in diesel engine. However, it can also be blended 

with the standard petroleum fuel by percentage to create a hybrid fuel. Biodiesel blend is denoted as B 

and follow by the percentage of the biodiesel inside the fuel. Biodiesel low blending ratio B5 (5% of 

biodiesel) till B20 (20% of biodiesel) can be used in the engine without modification because both have 

meet the fuel specification that can be use in diesel engine. However high blending ratio of biodiesel 

cannot be used directly to the diesel engine as it contains high level of water content. The high level of 

water content can causes problems to the engine such as fuel filter plugging, corrosion to the engine 

compartment, fuel degradation and also microbial growth [8]. The problems arises can affect the total 

performance of the engine itself [8-9]. For an ideal combustion reaction in the diesel engine, the 

combustion of fuel in oxygen will produces water and carbon dioxide (CO2), however the ideal reaction 
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is unlikely to happen in real situation. In real combustion process, incomplete combustion will occur 

due to the lack of oxygen to complete the chemical reaction during combustion process. The 

incomplete combustion process will produce harmful greenhouse gasses (NOx, CO and HC) which are 

poisonous and contribute to global warming [7]. The usage of biodiesel low blending ratio has been 

proven to reduce the harmful emission gases emits by the diesel engine and can be use without 

modification to the engine [10].  

Currently, there are many researches regarding biodiesel that have been conducted to reduce the 

dependability of petroleum fuel and to replace it with more environmental friendly type of fuel. 

According to Zakaria et. al. (2014), biodiesel that stored in long storage duration can affect the 

oxidation stability, fuel degradation and microbial growth [8]. Moreover, if the fuel is exposed to the air 

while storing, the degradation of fuel properties will increase rapidly. Among the fuel properties that 

was studied in this research are acid value, water content, flash point, density and kinematics viscosity. 

Each of the properties will affect the performance of the engine in a certain degree.  

Experiment Procedure 

There are four samples which are standard diesel, B80 (80% of B100), B90 (90% of B100) and 

biodiesel (B100). The samples were blended at 270 rpm for an hour and heated around 70 ˚C [11].  

According to biodiesel handling guide, biodiesel temperature should be above it cloud point while 

blending to avoid fuel appearing cloudy. The cloudiness of the fuel indicates that the fuels is in low 

quality and contain high viscosity and water content [12]. All samples were stored for nine weeks at 24 

˚C. The fuel properties (acid value, flash point, density and kinematic viscosity) for all samples have 

been measured and recorded according to ASTM D6751. 

To determine the amount of acid value in the samples, a color indicator titration method was used. 

One gram of each samples was used and titrated with potassium hydroxide (KOH) or sodium hydroxide 

(NaOH) solution individually. The titration will cause the sample to change in violet color. The process 

will be done until the sample maintain the violet color for more than 30 seconds. The flash point of all 

the samples was determined by using Setaflash Series 3 Closed Cup Flash Point. The instrument 

measures the flash point temperature for every sample. Ignition mechanism was applied where at the 

maximum temperature of the sample, a „pop‟ sound appeared and the flash temperature is automatically 

recorded. The density of all the samples was measured using hydrometer by immersing the hydrometer 

in 100 ml measuring cylinder, each of the samples was added into the measuring cylinder individually 

until the hydrometer float and the reading was recorded. The kinematic viscosity was measured using 

DV Pro viscometer. The instrument will record the viscosity of the samples. Emission test was 

measured using gas analyzer and single cylinder diesel engine. The engine runs at 3500 rpm to 1500 

rpm. The data appear in gas analyzer screen was taken every 30 seconds. The data for hydrocarbon 

produced by the engine was collected and analyzed. 

Result and Discussion 

Properties for all samples was measured and recorded after blending process. Table 1 below shows 

results of fuel properties for standard diesel fuel, B80, B90 and biodiesel at ambient temperature. The 

properties for all samples show that the value increases with the rising of the biodiesel blending ratio. 

As stated in the theory, the kinematic viscosity of the fuel is inversely proportional to its density. This 

verify that when density increases, kinematic viscosity will decrease as shown in Table 1.  

Other than that, Table 1 also shows that increment of blending ratio will lead to the increment of the 

flash point. This relationship occur due to the high number of moisture that are present in the biodiesel. 

At the same time, the acid value content in biodiesel also shows increment because of the increasing 

fatty acid content that are present in the biodiesel as the biodiesel blending keep on rising.  



 

Table 1: Properties for all samples at 24˚C 

Fuel type 

Properties 

Density (g/cm³) 
Kinematic 

viscosity (mm2/s) 
Flash point (˚C) 

Acid value 

(mgKOH/g) 

STD 0.8337 3.0 80.0 0.2044 

B80 0.8654 4.4 113.0 1.9600 

B90 0.8684 4.1 123.0 4.3400 

B100 0.8729 3.9 124.0 5.1800 

 

The effect of storage duration on biodiesel acid value and flash point are evaluated. If high acid 

value content present in the fuel, corrosion could happen in the engine and thus damaging the engine 

components in long-term usage [9]. On the other hand, if the fuel has low flash point temperature 

(below 60 ˚C), the fuel is hazardous to be used, handled and stored properly. Therefore the biodiesel 

with high blending ratio is investigated as reference.  

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1, Acid Value (mg KOH/g) against Storage Duration (week) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2, Flash point (˚C) against storage duration (week) 

 

Fig. 1 shows the graph of acid value against storage duration. The figure shows that all the samples 

are stable as the storage time keep on increases. The figure also shows that there are no significant 

effects to the acid value when storage duration increases up to the ambient temperature (24˚C). There is 

no oxidation or degradation occurs to the fuel when it stored at 24 ˚C which indicate that the fuel could 

maintain its quality from degrading [13-14].  
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Fig. 2 shows the flash point graph against storage duration. As the time storage period increases, all 

samples shows near to constant flash point values. The data verify that all the samples can maintain 

their chemical bonding as the time gradually increases at 24 ˚C temperature except for B100. It happens 

because B100 samples are unstable and degradation happens to the fuel while it stored.  

 

 
 

Fig. 3, Graph of Hydrocarbon (ppm) versus Time (s) for standard diesel and B100 

 

Fig. 3 shows the graph of hydrocarbon emits by the single cylinder diesel engine against time. The 

figure explains the relationship of the HC gases emits by both samples (standard diesel (STD) and 

biodiesel (B100)) when burned in single cylinder diesel engine. The results shows that the HC gas for 

standard fuel is higher compared to the biodiesel. This is due to the fact that biodiesel contain higher 

oxygen level than the standard fuel. Oxygen is needed to complete the combustion reaction and thus 

reducing the incomplete emission gases from the engine. For the incomplete combustion, the reaction 

will produce carbon monoxide (CO), hydro carbon (HC), water and CO2. 

CONCLUSION 

This paper presents the effect of storage time on biodiesel properties and emission. Important 

conclusions drawn from this work include:  

i. Increasing the blending ratio of biodiesel fuel corresponding to increase of acid value. This 

acid value increment is due to higher composition of methyl ester in biodiesel fuel.  

ii. There are no significant effect to the acid value and flash point in long storage time.  It 

shows that the samples are stable when it stored in the dark place and without present of 

light. Further, it helps the biodiesel from degradation. 

iii. Biodiesel decreasing the HC content in emission gases compared to the diesel petrol. 

In summary, this study has contributed to our knowledge about long storage duration and the effect to 

the biodiesel properties. In particular, further research should be conducted on the effect of biodiesel 

high blending ratio to the engine performance and emission. 
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