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Abstract 
 
The industrialization that develops with the increasing population causes an increase in demand for fossil 
fuels in the world, which affects the supply-demand balance. This imbalance also causes a rise in prices. 
Therefore, increased oil prices and oil dependency lead the countries to the production and use of new 
energy resources. At this point, countries are evaluating biomass for biofuel production to generate 
energy, thus increasing the share of biofuels in total energy consumption. In this study, Analytic 
Hierarchy Process (AHP) is used to structure the decision problem and to attribute weights to criteria. 
Among the evaluated physicochemical fuel properties, the most important one is calculated as heating 
value and also the Cottonseed Fame is determined as the most suitable biodiesel in terms of fuel 
properties among the evaluated biodiesels. 
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Analitik Hiyerarşi Proses Kullanarak Farklı Biyodizellerin Alternatif Yakıt 
Olarak Değerlendirilmesi 

 
Öz 
 
Artan nüfusla birlikte gelişen sanayileşme, dünyadaki fosil yakıtlara olan talebin artmasına neden olarak 
arz talep dengesini etkilemektedir. Bu dengesizlik fiyatlarda da artışa neden olmaktadır. Bu nedenle, artan 
petrol fiyatları ve petrol bağımlılığı, ülkeleri yeni enerji kaynaklarının üretimine ve kullanımına 
yönlendirmektedir. Bu noktada, ülkeler, biyoyakıt üretimi için biyokütleyi enerji üretecek şekilde 
değerlendirmekte ve böylece biyoyakıtların toplam enerji tüketimindeki payını arttırmaktadır. Bu 
çalışmada Analitik Hiyerarşi Süreci (AHP) karar problemini yapılandırmak ve ağırlıkları kriterlere 
atfetmek için kullanılmıştır. Değerlendirilen fizikokimyasal yakıt özellikleri arasında en önemlisi ısıl 
değer olarak hesaplanmış ve aynı zamanda pamuk yağı metil esterinin değerlendirilen biyodizeller 
arasında yakıt özellikleri açısından en uygun biyodizel olduğu tespit edilmiştir. 
 
Anahtar Kelimeler: Biyodizel, Analitik hiyerarşi süreci (AHP), Yakıt özelliği 
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1. INTRODUCTION 
 
One of the biggest problems that we have come up 
with in this century is the increase in energy 
demand due to industrialization, urbanization and 
rapid population growth. Searching for alternatives 
is the primary energy source that we have to do in 
this century. Fossil-based fuels are basically used 
to meet the needs of growing world population. 
With this usage, climate change and environmental 
problems caused by fossil fuels are confronted as 
irrefutable facts. Fossil fuels have been major 
sources of energy for couple of decades. Since it is 
a consumable energy source, and the demands of 
the people increase, this fact somehow pushes the 
scientists and governments towards the renewable 
energy sources.  
 
Biofuels are produced from many raw organic 
materials and biodiesel is one of the most 
promising biofuels among all. Oils which are an 
important part of human nutrition produced from 
oil plants. Hence the biodiesel is produced from 
oilseeds the production of biodiesel has an impact 
on vegetable oil prices. So scientists have concerns 
about the increase in food prices and the scarcity 
of food, and also the destruction of forests in order 
to expand biofuels production facilities, which 
would have harmful effects on the environment. 
However, with the conversion of non-renewable 
fats to biodiesel, both the increase in food prices 
and the need for fuel are partially hindered in this 
way. In particular, biofuels are at the forefront of 
these sources as they do not lead to an increase in 
carbon dioxide in the world.  In order to increase 
the demand for these products, countries apply 
new policies and support the production of the 
alternative fuels. Research on biodiesel, a 
sustainable energy source, is being undertaken as 
an alternative to fossil fuels. 
 
Biodiesel is considered an important source of 
renewable energy not only because of its potential 
to meet energy demand but also to reduce 
greenhouse gases [1]. Biodiesel, which is defined 
as an alternative to diesel, can be produced from 
methyl or ethyl esters of vegetable or animal oils 
[2]. The selection of the most suitable biodiesel 
source and proper mixing of biodiesel play an 

important role in the generation alternative energy 
production [3]. 
 
Following the energy crisis in the world in the 
1970s, the shift to alternative fuels led to various 
investigations [4]. Biodiesel is one of the sources 
that can play an important role in future energy, 
especially as an alternative to diesel fuel in the 
transport sector [5]. 
 
Biodiesel, which has characteristics similar to 
fossil fuels, can be a potential alternative fuel 
[6,7]. It is a less toxic and renewable fuel than 
traditional petrodiesel [8-12]. The fuel mixture, 
which contains 20% biodiesel and 80% diesel in 
volume and is called B20, can be used without 
diesel engine modification. However, as the 
amount of biodiesel in the mixture exceeds 20% 
by volume, several engine modifications are 
required [13-16]. Biodiesel is produced in the 
presence of a catalyst by transesterification of 
vegetable oils or fats with alcohol, usually 
methanol [7,11,17]. 
 
It has been observed that, unlike fossil fuel, the 
physicochemical properties of biodiesel differ 
from the biodiesel raw material depending on the 
type of fuel used, which has a significant effect on 
the dynamic performance of the engine and the 
potential performance of the engine during its use. 
On the other hand, the use of biodiesel as fuel has 
often been observed to cause a significant increase 
in fuel consumption, carbon monoxide, unburned 
hydrocarbons, particulate matter and NOx 
emissions [18]. Despite the fact that biodiesel has 
better properties than crude vegetable oils, the 
main disadvantages encountered with biodiesel are 
high viscosity, low volatility, poor spray 
characteristics, low energy content, increased 
nitrogen oxide (NOx) emissions, high clouding 
and pour point when compared to diesel [18]. 
 
Currently, fossil fuels especially diesel which is 
used as the transportation fuel in Turkey 
(according to the Turkish Statistics Agency 2017 
data, there are 11,102,943 diesel vehicles in 
Turkey which is equivalent to 50% of the total 
vehicles [19]; that causes not only numerous 
environmental problems but also strategic negative 
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consequences. Diversification of fuel for the 
transport sector in Turkey will be possible with the 
evaluation of various alternative fuels. Therefore, a 
long-term strategic energy program should be 
formed to ensure national energy security in the 
21st century. Hence, the Analytic Hierarchy 
Process (AHP) can be used to determine the best 
option among a number of alternatives. 
 
The AHP is a decision-making method first 
introduced by Saaty in the 1970s. Each element in 
every level is compared bi-directionally with 
respect to a target element [20]. When selecting 
the best choice among the alternatives, there 
should be a number of criteria. For each criterion, 
a weighted value should be calculated to show 
their importance. The alternatives are then given a 
performance score.  The total performance score of 
an alternative is the sum of the scores of the 
alternative for a particular criterion multiplied by 
the weight of the relevant criterion. The best 
alternative is the one with the highest overall 
performance score [20]. 
 
Sehatpoura et al evaluated various fuels (CNG, 
LPG, diesel, M85, E85, biodiesel, biogas and 
hydrogen) with AHP and found that compressed 
natural gas and liquid petroleum gas for light 
commercial vehicles in Iran is the most suitable 
alternative fuel when compared to other alternative 
renewable fuels [21]. Grasman and Sadashivam 
have done prioritization with AHP by using 
Biodiesel as a fuel in fleets [22]. Colak and Kaya 
proposed a Multi-Criteria Decision Model 
(MCDM) integrated model based on fuzzy sets in 
renewable energy alternatives in Turkey. The 
proposed fuzzy MCDM model combines the AHP 
based on interval type-2 fuzzy clusters and 
unresolved fuzzy TOPSIS methods. In addition, a 
sensitivity analysis was performed to examine the 
effects of the main criteria weights in the sequence 
[23]. Tasri and Susilawati have developed a 
selection methodology based on AHP for 
alternative renewable energy sources suitable for 
Indonesian power generation [24]. 
 
The purpose of this study is to select the most 
suitable biodiesel among the six different biodiesel 
for using as an alternative fuel. AHP was used for 

selecting the suitable biodiesel which is regarded 
as a multi-criteria decision-making problem. 
Literature studies have shown that, although there 
is a lot of work on biodiesel in our country, there is 
not any study on evaluation of biodiesel by using 
decision support systems. So this study will be a 
novel work in this area. The main difference of this 
study is using AHP to evaluate the 
physicochemical properties of six different 
biodiesels. 
 
2. MATERIAL AND METHOD 
 
The physicochemical characterized the properties 
of biodiesel. Some of these properties are heating 
value, Cetane number, density, viscosity, cloud 
and pour points, flash point, acid value, ash 
content, copper corrosion, carbon residue, water 
content and sediment, distillation range, sulfur 
content, glycerin, phosphorus and oxidation 
stability [24]. Among the stated physicochemical 
properties heating value, Cetane number, density, 
viscosity, pour point and flash point were chosen 
as indicating characteristics. Therefore, the 
objective of this paper is to decide the most 
suitable biodiesel among the evaluated six 
different biodiesels which meets the criteria 
according to the importance ratings determined by 
the experts. 
 
Experimental values of six different kinds of 
biodiesel were taken from literature [25-32] and 
Table 1 is formed.  
 
Table 1. Fuel properties of different kinds of 

biodiesel 

 
* The heating value is defined in EN 14213 as 35 MJ/kg [25].  
 
In this study, the Analytic Hierarchy Process 
(AHP) is attribute weights to criteria. Figure 1 
shows the hierarchy model for biodiesel type 
selection and Table 2 shows the Importance scale 
values and definitions. 
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Figure 1. Hierarchy model for biodiesel selection 
 
Table 2. Importance scale values and definitions 

[20] 
Numerical scale Verbal Scale 
1 Equal Importance 
3 Moderate Importance 
7 Very Strong Importance 
9 Extreme Importance 

2,4,6 and 8 Intermediate Values 
 
AHP was assessed using mathematical formulas 
given below. For the components stated below the 
diagonal, the formula 1 was used [33]. 
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In order to determine the significance levels of the 
factors, the matrix is calculated by using the 
normalization method with the formula 2 [34]. 
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Subsequently, the matrix C which is constructed 
by combining the B column vectors as many as the 
number of factors in a matrix format. The 
arithmetic mean of the row components forming 
the matrix C is taken from the column vector W, 
which is named as Priority Vector and showing 
significance values, is obtained (3).  
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Consistency Ratio (CR) is obtained by comparing 
the number of factors and a coefficient () called 
Eigen Value. For the calculation of (), firstly A 
the comparison matrix is compared with the 
priority vector W to obtain the D column vector. 
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E is calculated from equation (5) and taking the 
arithmetic mean value (6) will give the eigen value 
λ. 
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Once the  is calculated the Consistency Indicator 
(CI) can be determined by the formula (7). Also, 
Consistency Ratio (CR) can be determent by 
dividing the calculated with the formula (8), the 
value of CI to Random Consistency Index (RI) 
which is tabulated in Table 3. 
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Table 3. Random consistency index values [35]. 
n 1 2 3 4 5 6 7 8 9 10 
RI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49

 
The consistency test is completed when the CR is 
numerically calculated. If CR <10 % then the 
achieved data is consistent which means the 
comparison matrix is consistent.  If CR ≥10 % then 
the achieved data is inconsistent, so the 
comparison matrix should be revised [36]. 
 
3. RESULTS AND DISCUSSION 
 
In this section, a binary comparison matrix was 
prepared with the aim of evaluating the properties 
of biodiesel obtained from different vegetable oil 
and used as fuel by comparing them with AHP. 
 
3.1. Fuel Property Evaluation 
 
It has been determined that the following 
evaluation points are the most important properties 
in the fuel; Cetane number, density, viscosity, 
flash point, pour point, heating value. In order to 
form the comparison matrix specialists were asked 
to answer the priority chart. The comparison 
matrix is formed as shown in Table 4. 
 
Table 4. Comparison matrix of main criteria 
Comparison 
Matrix 

Cetane 
Number 

Density Viscosity 
Flash 
Point 

Pour
Point

Heating
Value 

Cetane Number 1.00 1.93 1.18 3.33 4.38 0.62 
Density 0.52 1.00 0.71 2.75 2.63 0.30 
Viscosity 0.85 1.41 1.00 2.58 3.75 0.63 
Flash Point 0.30 0.36 0.39 1.00 0.99 0.26 
Pour Point 0.23 0.38 0.27 1.01 1.00 0.24 
Heating Value 1.62 3.31 1.60 3.89 4.24 1.00 

 
Table 5. Weighted values of main criteria 

Importance levels of Main 
Criteria 

Weight (W) 

Heating Value 0.32 
Cetane Number 0.23 
Viscosity 0.19 
Density 0.14 
Flash Point 0.07 
Pour Point 0.06 

 
Normalization was done according to the formulas 
2 and 3 then the priority vector was obtained as 
follows. 

Table 6. Consistency ratio for fuel properties. 
Name  Result 
Maximum Eigen Value λmax  6.1 
Random Consistency Indicator (RI) 1.24 
Consistency Indicator (CI) 0.019 
Consistency Ratio (CR) 0.0154 

 
Consistency Ratio for fuel properties equals to 
0.0154 which is smaller than 0,1 then the 
comparison is consistent. According to calculated 
weighted main criteria are ranked in the following 
order: Heating value, Cetane Number, Viscosity, 
Density, Flash Point and Pour Point, respectively. 
 
3.2. Evaluation of Different FAMEs 
 
There are six different FAME for evaluation. For 
each fuel quality property, a matrix was formed by 
using importance scale values. The scale values 
were given according to DIN 14214. 
Normalization was done according to the formulas 
2 and 3 then the priority vector was obtained. 
 
3.2.1. Cetane Number 
 

The Cetane number (C) is the indication of 
ignition characteristics or the ability of the fuel to 
auto-ignite quickly after being injected. Better 
ignition quality of the fuel is always associated 
with higher CN value. A higher CN indicates the 
shorter time between the ignition and the initiation 
of fuel injection into the combustion chamber [37].  
 
Table 7. Comparison matrix for subcriteria cetane 

number 

 
Table 8. Weighted values of cetane number (CW)  
Importance levels of Subcriteria Cetane Number Weight (W)
Madhuca FAME 0.071791 
Rapeseed FAME 0.146164 
Cottonseed FAME 0.479117 
Peanut FAME 0.057513 
Jatropha FAME 0.213841 
Camelina Sativa FAME 0.031574 
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Table 9. Consistency ratio for cetane number 
Name  Result 

Maximum Eigen Value λmax  6.46999 

Random Consistency Indicator (RI) 1.24 

Consistency Indicator (CI) 0.093998 

Consistency Ratio (CR) 0.075805 

 
Consistency Ratio of Cetane Number equals to 
0.075805 which is smaller than 0.1 then the 
comparison is consistent. The subcriteria of Cetane 
Number of six biodiesels are ranked in the 
following order: Cottonseed FAME, Jatropha 
FAME, Rapeseed FAME, Madhuca FAME, 
Peanut FAME, Camelina Sativa FAME, 
respectively. 
 
3.2.2. Heating Value 
 
Heating value (H) is the amount of heating energy 
released by the combustion of a unit value of the 
fuel [38]. 
 
Table 10. Comparison matrix for subcriteria 

heating value 

 
Table 11. Weighted values of heating value (HW) 
Importance levels of Subcriteria Heating 
Value 

Weight (W) 

Cottonseed FAME  0.240124 

Peanut FAME  0.376157 

Jatropha FAME 0.091322 

Camelina Sativa FAME 0.087059 

Rapeseed FAME 0.031977 

Madhuca FAME 0.173361 

 
Table 12. Consistency ratio for heating value 
Name  Result 

Maximum Eigen Value λmax  6.468974 

Random Consistency Indicator (RI) 1.24 

Consistency Indicator (CI) 0.093795 

Consistency Ratio (CR) 0.075641 

Consistency Ratio of heating value equals to 
0.075641 which is smaller than 0.1 then the 
comparison is consistent. The subcriteria of the 
Heating value of six biodiesels are ranked in the 
following order: Peanut FAME, Cottonseed 
FAME, Madhuca FAME, Jatropha FAME, 
Camelina Sativa FAME, Rapeseed FAME, 
respectively. 
 
3.2.3. Density 
 
Density is the weight per unit volume. Oils that 
are denser contain more energy [38]. 

 
Table 13. Comparison matrix for subcriteria 

density 

 
Table 14. Weighted values of density (DW) 
Importance levels of Subcriteria Density Weight (W) 

Rapeseed FAME 0.364597 

Camelina Sativa FAME 0.263046 

Peanut FAME 0.036949 

Jatropha FAME 0.086171 

Cottonseed FAME 0.207526 

Madhuca FAME 0.41711 

 
Table 15. Consistency ratio for density 
Name  Result 

Maximum Eigen Value λmax  6.435087 

Random Consistency Indicator (RI) 1.24 

Consistency Indicator (CI) 0.087017 

Consistency Ratio (CR) 0.070175 

 
Consistency Ratio of density equals to 0.070175 
which is smaller than 0.1 then the comparison is 
consistent. The subcriteria of the density of six 
biodiesels are ranked in the following order: 
Rapeseed FAME, Jatropha FAME, Cottonseed 
FAME, Camelina Sativa FAME, Madhuca FAME, 
Peanut FAME, respectively. 
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3.2.4. Viscosity 
 
Viscosity (V) is one the most important property 
of any fuel as it is the measure of resistance to 
flow. It affects the operation of the fuel injection 
equipment and sprays atomization, particularly at 
low temperatures when the increase in viscosity 
affects the fluidity of the fuel [25,39]. 
 
Table 16. Comparison matrix for subcriteria 

viscosity 

 
Table 17. Weighted values of viscosity (VW) 
Importance levels of Subcriteria Viscosity Weight (W)
Camelina Sativa FAME 0.174950 
Peanut FAME 0.147787 
Rapeseed FAME 0.122739 
Cottonseed FAME 0.443205 
Madhuca FAME 0.081204 
Jatropha FAME 0.030115 

 
Table 18. Consistency ratio of viscosity 
Name  Result 
Maximum Eigen Value λmax  6.444353 
Random Consistency Indicator (RI) 1.24 
Consistency Indicator (CI) 0.081204 
Consistency Ratio (CR) 0.07167 

 
Consistency Ratio of Viscosity equals to 0.07167 
which is smaller than 0.1 then the comparison is 
consistent. The subcriteria of viscosity of six 
biodiesels are ranked in the following order: 
Cottonseed FAME, Camelina Sativa FAME, 
Peanut FAME, Rapeseed FAME, Madhuca 
FAME, Jatropha FAME, respectively. 
 
3.2.5. Flashpoint 
 
Flashpoint (F) is the temperature at which the fuel 
ignite when it exposed to a flame or a spark. It 
varies with the volatility of fuel. Since the flash 
point of biodiesel is higher than the diesel fuel it is 
safe for to transport, handling and storage [40]. 

Table 19. Comparison matrix for subcriteria flash 
point  

 
Table 20. Weighted values of flash point (FW) 

Importance levels of Subcriteria 
Flash Point 

Weight (W) 

Madhuca FAME 0.464211 
Rapeseed FAME 0.221876 
Peanut FAME 0.171968 
Cottonseed FAME 0.073697 
Camelina Sativa FAME 0.039639 
Jatropha FAME 0.028608 

 
Table 21. Consistency ratio for flash point 

Name  Result 
Maximum Eigen Value λmax  6,413561 
Random Consistency Indicator (RI) 1,24 
Consistency Indicator (CI) 0,082712 
Consistency Ratio (CR) 0,066703 

 
Consistency Ratio of Flash Point equals to 
0.066703 which is smaller than 0.1 then the 
comparison is consistent. The subcriteria of flash 
point of six biodiesels are ranked in the following 
order: Madhuca FAME, Rapeseed FAME, Peanut 
FAME, Cottonseed FAME, Camelina Sativa 
FAME, Jatropha FAME, respectively. 
 
3.2.6. Pour Point 
 
Pour point (P) is the temperature at which the 
amount of wax out of solution is sufficient to gel 
the fuel, thus it is the lowest temperature at which 
the fuel can flow. The behaviour of biodiesel at 
low temperature is an important quality criterion. 
This is because partial or full solidification of the 
fuel may cause blockage of the fuel lines and 
filters, leading to fuel starvation, problems of 
starting, driving and engine damage due to 
inadequate lubrication [25]. 
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Table 22. Comparison matrix for subcriteria pour 
point 

 
Table 23. Weighted values of pour point (WP) 

Importance levels of Subcriteria 
Pour Point 

Weight (W) 

Rapeseed FAME 0.375257 
Camelina Sativa FAME 0.194753 
Peanut FAME 0.115733 
Jatropha FAME 0.051013 
Cottonseed FAME 0.236669 
Madhuca FAME 0.026575 

 
Table 24. Consistency ratio for pour point 

Name  Result 
Maximum Eigen Value λmax  6.378289 
Random Consistency Indicator (RI) 1.24 
Consistency Indicator (CI) 0.075658 
Consistency Ratio (CR) 0.061014 

 
Consistency Ratio of Pour Point equals to 
0.061014 which is smaller than 0.1 then the 
comparison is consistent. The subcriteria of pour 
point of six biodiesels are ranked in the following 
order: Rapeseed FAME, Cottonseed FAME, 
Camelina Sativa FAME, Peanut FAME, Jatropha 
FAME, Madhuca FAME, respectively. 
 
Once the calculations were done for each 
physicochemical property. The weighted formula 
then formed for each FAME as follows: 
 

1.16.11.15.11.14.1

1.13.11.12.11.11.1

HWWPWWFWW

VWWDWWCWWAMEWeighted F




     (9)
 

 
By using the above formula weighted result was 
calculated. The results are tabulated in Table 25. 
 
Cottonseed FAME seems the best choice for 
producing biodiesel, on the other hand, Jatropha 
FAME seems the least preferred choice.  

Table 25. Ranked results of biodiesels 
Result Name 
0,31712 Cottonseed FAME 
0,12518 Madhuca FAME 
0,18449 Peanut FAME 
0,11819 Camelina Sativa FAME 
0,15428 Rapeseed FAME 
0,10074 Jatropha FAME 

 
4. CONCLUSION 
 
The increase in global warming threatens the 
ecological balance of the world. Starting from the 
droughts in the fuels, researchers have been 
pushing to make assessments on fuels based on 
criteria such as renewability, environmental 
impact, and cost-effectiveness. Recently, the use of 
biodiesel as fuel has become a centre of attraction 
among researchers as it is renewable, 
biodegradable, non-harmful, environmentally 
friendly and sustainable. 
 
In this study, the physicochemical properties of six 
different biodiesel (Cottonseed, Madhuca, Peanut, 
Camelina Sativa, Rapeseed, Jatropha) were 
evaluated by using the analytical hierarchy 
process. During this evaluation, 6 different fuel 
properties (heating value, Cetane number, 
viscosity, density, pour point and flash point) and 
6 different biodiesels were compared. According 
to calculated weighted results by using AHP, the 
importance of fuel properties is listed as heating 
value, Cetane number, viscosity, density, pour 
point and flash point, respectively. From this point, 
the evaluation of six different by AHP method 
showed that Cottonseed FAME has the most 
suitable fuel properties and the Jatropha FAME 
has the least preferable results among the 
evaluated biodiesels. In the future, evaluation of 
engine performance characteristics and emission 
values with AHP and evaluation of new additives 
such as nanoparticles [41,42] will be appropriate 
for the future studies. 
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