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ABSTRACT 
 

The stability of biodiesel generally depends on the nature of the fatty acid composition of the parent 
oil. Unsaturated compounds are significantly more reactive to oxidation than saturated compounds. 
The palm olein vegetable oil, derived from crude palm oil, contains higher unsaturated compounds 
in comparison to other forms of palm oils. An experiment was intended to investigate the impact of 
storage degradation of palm oil methyl ester in terms of fuel chemical properties, engine 
performance and exhaust emission. The degradation study was carried out by keeping methyl ester 
of palm oil, derived from raw palm olein oil through base catalytic trans-esterification, in two different 
environment conditions (one in a transparent closed-lid container exposed to light and another in a 
container exposed to air and light) at three different temperature (5°C, 25°C and 38°C) over 10 
months. It was observed that degradation of biodiesels through oxidative reaction led to a series of 
changes in its properties, with severely increase in peroxide value, acid value and decrease in 
heating value at higher temperature storage irrespective of storage conditions. The fuel sample with 
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the highest degradation rate, after 10 months of storage, was considered for the evaluation of 
engine performance and emission by making blends with petroleum diesel at a different proportion. 
And the comparisons were made with fresh biodiesel blends and diesel fuel.  The engine 
performance of the biodiesels (fresh and oxidized) and their blends were similar to that of diesel fuel 
with a non-significant difference in thermal efficiency, but higher fuel consumption. The emission 
quality (CO and smoke density) of oxidized biodiesel was significantly better than that of fresh 
biodiesel and diesel fuel. But, the NOx emission was comparatively higher than diesel fuel for both 
the biodiesel. The effect of fuel oxidation on the NOx emissions was also found to be 3% to 4% 
higher. 
 

 
Keywords: Methyl ester of palm oil; oxidation; peroxide value; temperature; NOx emissions. 
 

ACRONYMS 
 

NOMENCLATURE 
 

 

ASTM American society for testing and materials 
EU European standard 
POME Palm oil methyl ester 
POME (0) neat diesel 
POME (10) % Palm biodiesel in diesel 
POME (20) % Palm biodiesel in diesel 
POME (30) % Palm biodiesel in diesel 
POME (100) % Palm biodiesel in diesel 
POME O Oxidized Palm oil methyl ester 
O POME (0) neat diesel 
O POME (10) % Oxidized palm biodiesel in diesel 
O POME (20) % Oxidized palm biodiesel in diesel 
O POME (30) % Oxidized palm biodiesel in diesel 
O POME (100) % Oxidized palm biodiesel in diesel 
bsfc brake specific fuel consumption 
bte brake thermal efficiency 
CH3OH methanol 
CI compression ignition 
CO carbon monoxide 
CO2 carbon dioxide 
mm

2
/s millimetre square per second 

o
C degree Celsius 

DI direct injection 
g gram 
g/kW h gram per kilowatt hour 
HC hydrocarbon 

KOH potassium hydroxide 
mg KOH/g  milligram potassium hydroxide per gram 
kW kilowatt 
hp horsepower 
N-m Newton meter 
cc cubic centimeter 
MJ/kg mega-joule per kilogram 
mm millimeter 
N m Newton meter 
NO nitric oxide 
NO2 nitrogen dioxide 
NOx nitrogen oxides 
O2 oxygen 
ppm parts per million 
rpm revolutions per minute 
w/v% weight in volume percent 
k unit of opacity meter (m

-1
) 

kg/m3 kilogram per cubic meter 
FFA Free fatty acid 
g/100g gram per hundred gram 
meq O2/kg milli-equivalent of oxygen per kilogram 
PV Peroxide value 
AV Acid value 
KV kinematic viscosity 
HV Heating value 
HHV High heating value 

 

1. INTRODUCTION 
 

Biodiesel is an oxygenated, sulfur-free, 
biodegradable, non-toxic, and environmentally 
friendly alternative for diesel fuel. Biodiesel is 
defined as the alkyl monoesters of fatty acids 
from renewable resources, such as vegetable 
oils, animal fats, and waste cooking oils. 
Biodiesel has positive performance attributes 
such as increased cetane, high fuel lubricity, and 
high oxygen content. However, biodiesel still has 
many disadvantages related to their long-term 
storage and thermal stability. Biodiesel is a 
mixture of fatty acid monoalkyl esters with 
relatively high concentrations of long-chain mono 
and poly-unsaturated compounds are present. 

Unsaturated compounds are significantly more 
reactive to oxidation than saturated compounds; 
increasing the degree of un-saturation further 
increases reactivity [1,2]. The unsaturated and 
polyunsaturated fatty acids in biodiesel are 
significantly more reactive to oxidation than 
saturated compounds, this is because the 
unsaturated fatty acids contain the most reactive 
site which is particularly susceptible to the free 
radical attack particularly oxygen [3,4]. The 
stability of biodiesel generally depends on the 
nature of the fatty acid composition of the parent 
oil as well as certain functional groups present in 
the biodiesel molecule. All biodiesels have a 
significant amount of esters of oleic, linoleic or 
linolenic acids and the trend of increasing 
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stability is linolenic<linoleic<oleic etc [5,6]. In the 
past, several studies reported the effects of 
biodiesel degradation at different storage time 
and conditions on the changes in the chemical 
properties of biodiesel [7,8]. It was found that 
storage time and conditions led to changes in 
oxidative stability, iodine, acid and peroxide 
values as well as the flashpoint and cetane 
index. The storage stability of biodiesel was first 
studied by du Plessis et al. in 1985, they found 
that exposure to heat and air greatly accelerated 
degradation of biodiesel, but when stored at 20 
°C in closed containers or stored after the 
addition of an antioxidant, the biodiesel remained 
stable [9]. Further research on the stability of 
biodiesel for 180 days of storage showed that 
exposure to metals also increased the rate of 
degradation and that exposure to higher 
temperatures in pro-oxidizing conditions 
accelerated the loss of stability [10]. Studies 
show that ambient temperature is one of the 
important factors that affect the degradation of 
biodiesel that contains organic components. 
Accordingly, the increasing of degradation rate 
might best be viewed as high humidity conditions 
and high ambient temperature [11,12]. The 
oxidation of biodiesel is also affected by several 
other factors such as light, the presence of air 
and metals[13]. 
 

 However, these studies did not systematically 
cover the effects of biodiesel degradations on 
engine performance and exhaust emission. The 
auto-oxidation reaction produces hydro-
peroxides which can polymerize with other 
radicals to produce high molecular weight 
insoluble sediments and gums. In some cases, 
the oxidized fatty acid chains may break apart 
producing shorter chain acids and aldehydes. 
The most likely impact of the sediment and gum 
formation will be fuel filter plugging and varnish 
deposits on fuel system components and these 
phenomena have been observed [14–16]. The 
acid formation may cause fuel system corrosion.  
 

There are few studies on engine performance 
and exhaust emissions on degraded biodiesel 
and still, have no analysis on the correlation 
between the changes in chemical and engine 
properties. Thompson et al studied the 
degradation of rapeseed biodiesel and found that 
the degradation led to changes in brake power 
by less than 2% and reduction of black smoke by 
3.2% [17]. Monyem and Gerpen, reported that 
the exhaust emissions of oxidized soybean 
biodiesel contained less CO and hydrocarbon by 
15% and16%, respectively, with no significant 
changes in nitric oxide and black smoke 

emissions [18]. However, a study by 
Pattamaprom et al. [19] on Storage degradation 
of palm-derived biodiesels found that biodiesel 
detrition led to higher emission of NOx.  
 

The Palm, as a primary source of energy crop in 
the tropical region, has the potential to meet the 
demand for an alternate source of biofuel in the 
growing need for clean fuel. The palm olein 
vegetable oil, derived from crude palm oil, can be 
chosen for its high yielding capacity and it 
contains a higher degree of unsaturation in 
comparison to other forms of palm oils, for 
studying oxidation effect. It has also been studied 
that the methyl ester of palm oil has partial for 
replacement of diesel fuel [20]. To substantiated 
the studies done on palm oil biodiesel and to 
ascertain its long-term storage stability, it was 
intended to experiment on the fuel Palm oil 
methyl ester, derived from palm olein oil, for its 
long-term storage stability at the different 
environmental condition and its influence on 
engine performance and emission. 
 

2. MATERIALS AND METHODS 
 

2.1 Raw Material 
 
The biodiesel produced from palm olein used in 
this study was purchased from the market. The 
percentage content of different fatty acids in palm 
oil is shown in Table 1 and the characteristics of 
Palm oil is shown in Table 2. The FFA (Free 
Fatty Acid) content of palm oil was found to be 
0.811% (1.63 mg KOH/g of oil) therefore this oil 
can be used directly for base catalyzed trans-
esterification reaction [21]. The maximum 
percentage of FFA content allowed is 1%. Here, 
the abbreviations POME will be used for Palm oil 
methyl ester. The commercial petroleum-based 
diesel fuel used as a reference fuel was 
purchased from a gas station. 
 

2.2 Preparation of Biodiesel and Storage 
 
The base catalytic transesterification method 
having KOH concentration of 0.1% was used to 
derive Palm oil methyl ester from raw palm olein. 
The fresh Palm oil methyl ester was collected in 
transparent glass bottles to make two different 
sample types, one having lidded tightly and 
another having lid open and both the samples 
were exposed to light. These biodiesels were 
stored in three different temperature (i.e. low 
(6°C), medium (25°C) & high (38°C)) conditions 
for the period of 10 months, during which the 
chemical properties were analyzed with the 
interval of 2 months. 
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Table 1. Composition of palm olein used as a reactant 
 

Fatty acid Percentage by weight 
of methyl ester 

Reference (CODEX STAN 210-1999)  

Palmitic Acid (C16:0) 33.73 32-45 
Stearic Acid (C18:0) 4.0 4.0- 4.8 
Oleic Acid (C18:1) 42.5 40.7-43.4 
Linoleic Acid (C18:2) 10.1 5-11 
Myristic Acid (C14:0) 1.5 0.6-1.6 
Others 8.17 - 

 
Table 2. Characteristics of palm olein oil 

 
Characteristics Value Reference (CODEX STAN 210-1999)

 
 

Iodine No. (g/100g) 55 50-56 
Acid value (mgKOH/g) 1.63 6.00 
Peroxide Value (meq/Kg) 8.5 10.00 
Kinematic Viscosity (400C)(mm2/s) 35 - 
Specific gravity  (30ºC/30ºC) 0.889 0.890-0.912 

 

2.3 Analysis of Chemical Properties 
 
To evaluate the effect of oxidation on fuel 
characteristics, the biodiesels were characterized 
for Peroxide Value (PV), Acid Value (AV), 
kinematic viscosity and heating value. The 
peroxide values were determined by titrating 5 g 
of oil sample with 0.01N sodium thiosulfate 
solution following ISO 3960 and EN 14111 
standard. The acid value was also approximated 
by titrating 5 g of oil sample with 0.1N KOH 
according to ASTM D 664. Viscosities of 
biodiesels were tested using Redwood 
viscometer at 40ºC according to according to 
ASTM D 445. The heating values were recorded 
as the high heating value (HHV) by the 
Toshniwal Microprocessor Bomb Calorimeter 
according to ASTM D 2015. 
 

2.4 Fuel Sampling for Engine Test 
 
To evaluate the effect of oxidation on engine 
performance and emission, different blends of 
POME (Palm oil methyl ester) and Diesel were 
prepared in the ratio of 10:90, 20:80, 30:70 and 
100:0 respectively, for two different types of 
Biodiesel (i.e. Fresh and Oxidized POME). The 
oxidized samples were taken from the POME 
stored at 35°C exposed to air and light after 10 
months of storage period.  
 

2.5 Test Engine 
 

A Hindustan Motors make variable speed, four 
stroks, four cylinder, direct injection (DI) 
compression ignition (CI) engine was selected for 
the study.  The major specifications of the engine 

are shown in Table 3. The engine was attached 
with a hydraulic dynamometer for subjecting the 
engine to various loads. The engine was 
operated at different load levels at a constant 
speed of 2000±50 rpm.  
 

Table 3. Engine specifications 
 

Make Hindustan Motor 
Max. Brake Power (hp/kW) 50/37.3 at 4200rpm 
Max. Torque (N-m) 106 at 2000rpm 
Number of Cylinders 4 
Bore X Stroke (mm) 84x 90 
Displacement Volume (cc) 498.76 
Compression Ratio 21:1 
Strokes 4 
 
2.6 Emission Test 
 
An INDUS model PEA205 of the gas analyzer 
was used for monitoring CO, CO2 and NOx in 
automotive exhaust. CO and CO2 are measured 
by NDIR technology and NO by electrochemical 
sensors. An INDUS model OMS 1o1 smoke 
meter was used to measure smoke density in 
diesel exhaust. 
 

2.7 Statistical Analysis 
 
Experimental data were analyzed using statistical 
package “SPSS 23” at 5% level of significance 
by multivariate analysis of general linear model. 
Simple two-way analysis of variance (ANOVA) 
was done for dependent variables, and p-values 
were used to analyze the effect of independent 
variables. The experimental design of different 
variables is shown in Table 5. 
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Table 4. Specifications of Exhaust gas analyzers 
 

Principle of 
measurement 

Species Measured unit Range Resolution Accuracy 

NDIR CO % 0-15% 0.001% ±0.06% 
NDIR CO2 % 0-20% 0.01% ±0.05% 
Electrochemical NOx ppm 0-5000ppm 1ppm ±1% 
Attenuation of light beam Smoke density k 0-∞ 0.01m

-1
 ±0.1 m

-1
 

 
Table 5. Design of experiment of oxidation effect on fuel characteristics 

 
Sl. no Variables Level 
 Independent   
1 Storage conditions (Closed and Open container) 2 
2 Time period in months (M0, M2, M4, M6, M8 & M10) 6 
3 Temperature in oC  (Low-6o C, Medium- 25o C and High – 38o C) 3 
 No of replication 3 
 Dependent Unit 
4 Peroxide Value (PV) meq/kg 
5 Acid Value (AC) mg KOH/g 
6 Kinematic Viscosity (KV) mm2/s 
7 Heating Value (HV) MJ/kg 

 

3. RESULTS AND DISCUSSION  
 

The chemical properties of freshly prepared Palm 
oil methyl ester by trans-esterification were 
tested as per the available standard procedure of 
ASTM/ISO and the results are presented in 
Table 6. 
 

3.1 Chemical Properties 
 

3.1.1 Effect of storage on Peroxide Value (PV) 
 

The peroxide value is a measure of the amount 
of oxygen chemically bound to an oil or fat as 
hydro-peroxide. Hydro-peroxides are unstable 
and can easily form secondary oxidation 
products which can further undergo degradation 
[22]. Therefore, the changes in peroxide value 
can be used to indicate the initial oxidation of the 
oil.  The changes in peroxide values of the two 
different POME samples stored at different 

temperatures are shown in Fig. 1 and Fig. 2. It 
can be read from the figures that the Peroxide 
values of both the samples were increased over 
time for each temperature condition. The 
percentage increase in peroxide values was 
observed to be 3-4% and 8-9% per month for 
storage temperature of 5°C and 25°C 
respectively, over the storage period of 10 
months. But, in case of higher temperature 
(38°C), the sharp increase in values was 
observed i.e. about 45-50% per month. From the 
statistical analysis, the P-values, presented in 
Table 7, show the high significance of storage 
conditions, storage time and temperature on PV 
in terms of the main and interaction effect. This 
results indicated that high temperature and the 
presence of oxygen played a significant role in 
biodiesel degradation, probably due to the higher 
oxidation rate leads to form hydro-peroxide 
compounds (ROOH) at higher temperature [13].  

 
Table 6. Characteristics of palm oil methyl ester 

 
Characteristics Values Methods 
Density @ 15

o
C, Kg/m

3
 881 ASTM D 4052 

KinematicViscosity@ 40 oC, mm2/s 4.4 ASTM D 445 
Peroxide Value, meq/kg 8.15 ISO 3960 
Acid Value, mg KOH/g 0.21 ASTM D 664 
Heating Value, MJ/kg 40.1 ASTM D 2015 
Flash point, 

o
C 173 ASTM D 93 

Carbon residue, % wt 0.46 ASTM D 4530 
Pour point, 

o
C 15 ASTM D 2500 

Copper Strip Corrosion 1a ASTM D130 
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Fig. 1. Estimated marginal means of peroxide value stored at different temperature in a closed 
container 

 

 
 

Fig. 2. Estimated marginal means of peroxide value stored at different temperature in an open 
container 

 
3.1.2 Effect of storage on Acid Value (AV) 
 
The acid value is a measure of the amount of 
acidic substances in fuel. During storage, the 
hydro-peroxide produced from the oxidative 
degradation can undergo the complex secondary 
reactions including a split into more reactive 
aldehydes, which further oxidize into acids, 
leading to an increase in acid value [7]. Fig. 3 
and Fig. 4 show the trend of increasing Acid 

Value commensurate with the Peroxide value. 
The rate of changes of Acid Value in low and 
medium temperature storage were 5-10% and 
20-30% respectively, which seemed to be slower 
compared to high temperature i.e, about 200-
250%. The AV at higher temperature condition 
for closed and open POME samples were 5.24 
mg KOH/g and 6.13 mg KOH/g respectively, 
which were way more amount than the standard 
requirement of 0.5 mg KOH/g. The significance 
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of the effect of different fixed parameters like, 
storage condition, time period and temperature 
on AV is clearly seen from the P-values 
presented in Table 7. The reason for the 
increase in Acid Value is the hydrolysis of methyl 
ester by the reaction of moisture in the ambient 
air with methyl ester [13]. Moreover, the samples 
were stored in transparent glass containers and 
exposed to light. Light or sunlight gives a higher 
rate of increase in Acid Value  [23]. 
 
3.1.3 Effect of storage on Kinematic viscosity 

(KV) 
 
Viscosity affects the fuel injection into the engine 
combustion chamber. The higher is the viscosity 
of fuel, greater the tendency to cause engine and 
injection problems. The oxidation of biodiesel 
leads to the formation of high molecular weight 
polymer compounds that increase biodiesel 
viscosity. Fig. 5 and Fig. 6 indicate the change in 
viscosity of POME at different temperature 
conditions over time. It was found that biodiesel 
stored at a lower temperature (up to 25°C) 
experienced the lower increase in kinematic 
viscosity (5 to 5.5 mm

2
/s) compare to the sample 

stored at 38°C, which had the highest increase in 
kinematic viscosity (from 7 to 8 mm

2
/s). It is 

inferred from results that, during storage period 
due to oxidation the concentration of high 
molecular weight long-chain saturated fatty acids 
increases, particularly in the samples subjected 
to high temperatures [8]. The main effects of 
different fixed variables on KV are found to be 

highly significant, whereas the overall interaction 
effect is non-significant as indicated by the P-
values in Table 7. 
 
3.1.4 Effect of storage on Heating Value (HV) 
 
Heating Value is an important property of fuel 
which decides the heat release capacity of the 
fuel. The heating value is higher for fuel with a 
longer chain and a higher degree of saturation 
[24]. As it was observed that the HV of POME 
was 40.1 MJ/Kg, which is excellent for 
consideration of fuel in an engine with reference 
to diesel. This is because the major component 
of palm oil shown in Table 1 comprises 
molecules with mostly 18 carbon (long chain) 
atoms. But, with longer storage time its value 
deteriorated gradually as shown in Fig. 7 and 
Fig. 8. The deterioration rates of HV were 
between 0.13 and 0.18 MJ/month at lower to 
medium temperature. But, at higher temperature 
values were between 0.22 and 0.3 MJ/month. 
Over time degradation of POME is due to the 
breakdown of long chain compounds into shorter 
peroxide compounds. This change led to a 
reduction in the percentage of carbon and 
hydrogen in the fuel molecules and thus lowering 
the heating values. The heating value of Palm oil 
methyl ester is also significantly affected by 
different fixed factors individually but the 
combined effects of different factors are found to 
be non-significant, like kinematic viscosity, as 
clearly seen from the P-values presented in 
Table 7. 

 

 
 

Fig. 3. Estimated marginal means of acid value stored at different temperature in a closed 
container 
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Fig. 4. Estimated marginal means of acid value stored at different temperature in an open 
container 

 

 
 

Fig. 5. Estimated marginal means of kinematic viscosity stored at different temperature in a 
closed container 

 

3.2 Engine Performance 
 

The engine performance was evaluated in  terms 
of brake specific fuel consumption (bsfc) and 
brake thermal efficiency (bte) by comparing with 
petroleum diesel for the selected blends of fresh 
and 10 months old oxidized methyl ester of palm 
oil mixed with diesel in the ratio of 100:00, 10:90, 
20:80, & 30:70 proportions. All tests were 
performed at a constant speed (rpm) of 2000±50 
and varying load. Data at full (100%) load were 

taken for statistical analysis to evaluate the 
significance of the degradation effect of different 
fuel blends on engine performance.  
 
3.2.1 Brake specific fuel consumption 
 
Fig. 9 represents the relationship between the 
brake specific fuel consumption (bsfc) of an 
engine at different fuel blends of a fresh and 
oxidized methyl ester of palm oil at the full load 
condition. All points shown in this figure were the 
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average of three data points and the error bars 
show the spread between the maximum and the 
minimum of the three data points. The bsfc of 
diesel was found to be 177 g/kW-hr at full load 
(100% load). The bsfc of the fresh methyl ester 
of palm oil was found to be 11.02% higher than 
that of diesel. But, the oxidized methyl ester of 
palm oil was 17.5% and 4.5% higher than that of 
diesel and fresh methyl ester respectively, at full 
load and this change was verified by the ANOVA 
test, to compare the variation between fresh and 
oxidized biodiesel, where p=0.02 qualified the 
existing of statistically significant difference in 
fuel consumption. The amount of fuel 
consumption was increased as the percentage 

volume in methyl ester palm oil increased in the 
blends of both fuel types. To produce the same 
energy at a particular load the fuel consumptions 
of different blends were increased. The increase 
in fuel consumption is owed to the lower calorific 
value of methyl ester of palm oil and its value 
reduced further after oxidation. The heating value 
of oxidized biodiesel was about 7% less than that 
of fresh biodiesel. With much lower calorific 
values of the oxidized methyl ester of palm oil, 
the enginge consumed more fuel to obtain the 
same energy. At each of the load conditions, the 
torque and the rpm were kept constant, so the 
brake power was also constant. 

 

 
 

Fig. 6. Estimated marginal means of kinematic viscosity stored at different temperature in an 
open container 

 

 
 

Fig. 7. Estimated marginal means of heating value stored at different temperature in a closed 
container 
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Fig. 8. Estimated marginal means of heating value stored at different temperature in an open 
container 

 

 
 

Fig. 9. Brake specific fuel consumption and brake thermal efficiency developed by engine at 
full load on different fuel blend at rated speed. 
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variations of efficiencies were almost at par with 
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the diesel fuel and the ANOVA test showed no 
significant difference between both samples.  
Similar results were found by [25,26].  
 

3.3 The Effect of Fuel Oxidation on 
Exhaust Emissions 

 
3.3.1 Smoke Density and CO emission  
 

Smoke density and CO emissions indicate the 
degree of incomplete combustion of fuel. The 
smoke density is defined by the number of 
carbon particle in the collected sample. In this 
experiment, the average values of these 
emissions are shown in Fig. 10. The highest CO 
and smoke density of emissions were found for 
the diesel fuel, while the oxidized POME fuel had 
the lowest. The Oxidized biodiesel had the 
reduction in percentage CO emission by 48% 

and 15% with compare to diesel and fresh 
biodiesel, respectively. Similarly, for smoke 
density, the reductions were 13% and 3% in 
comparison to diesel and fresh sample, 
respectively. The change in emission between 
samples was found to be highly significant, as 
indicated by P<0.0001 and P=.02 for CO 
emission and smoke density, respectively. This 
result was due to the molecular structure of 
biodiesel contains oxygen atoms leading to more 
complete combustion compared to petroleum 
diesel. Moreover, the emissions tended to 
decrease with storage time due to the higher 
oxygen contents in the degraded biodiesels.  A 
study by Abdul Monyem also found a reducing 
effect of CO and HC emission of oxidized 
biodiesel in comparison to the un-oxidized 
biodiesel [18]. 

    

 
 

Fig. 10. CO and Smoke Density produced by engine at full load on different fuel blend at rated 
speed 

 
Table 7. Effect of independent/fixed variables on fuel characteristics 

 
Variables Main Effect (P- value) Interaction Effect (P- value) 

 S M T S*M M*T S*T S*M*T 
Peroxide 
value 

<.0001* <.0001* <.0001* <.0001* <.0001* <.0001* <.0001* 

Acid value <.0001* <.0001* <.0001* <.0001* <.0001* <.0001* <.0001* 
Kinematic 
viscosity 

<.0001* <.0001* <.0001* .018* <.0001* .117 .583 

Heating 
value 

.002* <.0001* <.0001* .650 .463 .427 .990 

Note: S – Storage condition, M- months, T- temperature (
o
 C) 

* Significant at 5% level of significance. 

620

510

460 470

420 430

370 380
320

1.88

1.92

1.96

2

2.04

2.08

2.12

2.16

2.2

300

340

380

420

460

500

540

580

620

S
m

o
ke

 D
en

si
ty

 (
k)

C
O

 (
p

pm
)

CO (ppm) Smoke density (K)



 
 
 
 

Nandi et al.; CJAST, 32(3): 1-14, 2019; Article no.CJAST.46270 
 
 

 
12 

 

 
Fig. 11. NOx produced by engine at full load on different fuel blend at rated speed. 

 
3.3.2 Oxides of nitrogen (NOx) emission  
 

Nitric oxide (NO) and nitrogen dioxide (NO2) are 
usually combined together as NOx. High NOx 
emission usually occurs when the excessive 
amount of oxygen is used in the combustion 
engine at high temperature [27]. Fig. 11 shows 
the NOx emission of the engine at full load 
condition for different blends of fuel. The NOx 
emissions for POME and OPOME were higher 
than the diesel fuel by 8-10% and 10-12.6% 
respectively. But, in the case of the oxidized 
POME, the rise in NOx emissions was between 
4% and 5% from fresh POME, which is 
statistically significant at P=0.02. Higher NOx 
emission by biodiesel can be attributed to the 
excess of oxygen content in fuel molecules that 
leads to higher combustion temperature. 
Moreover, NOx emissions from all fuels were 
highly loading dependent. Increased load at a 
fixed engine speed naturally requires more fuel 
that inevitably results in longer combustion 
duration and increased flame temperatures, 
which relates directly to the increase in NOx 
production [28]. The values of NOx emission are 
not statistically significant at lower loads (up to 
60% of full load) which are not shown in the Fig. 
11 but, they gradually increased afterwards. As 
the biodiesels degraded, the NOx emissions of 
biodiesels were increased, this can be explained 
by the higher degree of oxidation and higher 
content of oxygenated products in biodiesel. 

 

4. CONCLUSION 
 
The objective of this study was to access the 
impact of palm oil methyl ester degradation on its 

chemical properties, engine performance and 
NOx emission. Based on the experimental 
results, the following conclusions can be drawn. 

 
1. The peroxide and acid value of palm oil 

methyl ester samples, stored at a 
temperature less than 25°C, are found to 
be compatible with ASTM standard for the 
duration up to 6months, irrespective of 
their storage conditions. But, in case of 
storage at a higher temperature (38°C), its 
suitability deteriorates severely after 2 
months, mostly in the case of storage 
condition exposed to air.  

2. Similarly, in the case of kinematic viscosity 
and heating value, the storage suitability of 
palm oil methyl ester in accordance to 
ASTM was observed to be up to 8months 
at a temperature below 25°C. Higher 
temperature (38°C) leads to affect these 
values beyond 2 months irrespective of 
storage conditions.  

3. The changes in chemical properties 
directly affected the engine performance 
and NOx emission. The engine 
performance of the oxidized and un-
oxidized biodiesel and their blends was 
nearly similar to that of diesel fuel with 
slight increase about 2-3% in thermal 
efficiency, but with higher fuel consumption 
by 17% and 11%, respectively in 
comparison to diesel fuel.  

4. In terms of emission, the CO and smoke 
density of fuel decreased with increase in 
percentage load and biodiesel content in 
the blend. Oxidation had also seen to be 
improved the emission quality of biodiesel. 
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The oxidized biodiesel reduced the CO 
emission. 

5. The NOx emission from all fuel blends was 
highly loading dependent. Percentage of 
biodiesel content in the blend also played a 
significant role in NOx emission. The 
obtained NOx emissions, up-to 60% of full 
load and 10% of methyl ester of palm oil 
blend, were obtained to be statistically 
non-significant. The un-oxidized and 
oxidized biodiesels produced NOx 
emissions by 10% and 12% higher than 
the diesel fuel. The effect of fuel oxidation 
on the NOx emissions was also found to 
be 3% to 4% higher. 
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