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ABSTRACT

For a long time, the diesel and gasoline have been utilized as fuel for internal combustion
engines. But the diminishing oil supplies along with the variable oil prices drive people to
obtain alternative sources for fuel. The sustainable fuel options may alter power
consumption that results in less pollution, less carbon and more variety of fuel supply. It
is generally a challenging task for decision makers to determine the best feasible fuel for
internal combustion engines among multiple choices because of the complicated task of
considering various attributes of performances and the lack of information available.
However, the right choice of the most feasible fuel option for internal combustion engines
can efficiently mitigate serious environmental troubles and over-consumption of energy
during transportation.

In this study, the diverse types of liquid fuel options for internal combustion engines are
compared in terms of critical characteristics determined within the scope of this research.
In this article, the quantitative evaluation model utilized provides decision makers with a
tool to be utilized during important strategic decision-making processes on issues with
regard to fuel policy in the near future. The applied model presents quantitative
conclusions that can contribute to enhance the decision-making progression.

0z

Uzun siiredir igten yanmal1 motorlarda benzin ve motorin yakit olarak kullanilmaktadir.
Ancak degisken yag fiyatlarinin yanisira azalan yakit kaynaklar1 insanlar1 alternative yakit
kaynaklar1 edinmeye itmektedir. Siirdiiriilebilir yakitlar, havay1 daha az kirleten, daha az
karbon salinimina yol acan gii¢ tiikketimini degistirebilen cesitli yakitlardir. Otoriteler
yakitlarin performansi ve 6zellikleri hakkindaki bilgi eksikligi nedeniyle igten yanmali
motorlarin alternatif yakitlar1 i¢in karar vermekte zorlanmaktadirlar. Bununla birlikte,
icten yanmali motorlar i¢in en uygun yakit segeneginin dogru se¢imi, nakliye sirasinda
ciddi gevresel sorunlari ve asir1 enerji titketimini etkili bir sekilde azaltabilir.

Bu caligmada, degisik tipteki sivi yakit se¢eneklerinden hangisinin igten yanmali motorlar
icin uygun oldugu degerlendirilmistir. Bu makalede, kullanilan nicel degerlendirme
modeli, karar vericilere yakin gelecekte akaryakit politikasi ile ilgili konularda dnemli
stratejik karar alma siireclerinde kullanilacak bir ara¢ sunmaktadir. Uygulanan model,
karar alma siirecinin ilerlemesine katkida bulunabilecek nicel sonuglar vermektedir.
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1. INTRODUCTION

Fossil-based energy sources have various purposes of consumption in different regions of a country
such as: commercial, transport, industrial, and domestic sectors for the mechanical production of power. These
sources’ speedy depletion and crude oil’s ever raising cost made the researchers to search for the other sources
of energy. The petroleum reserves’ deficiency is causing sustainable energy sources to be more appealing. In
addition, the fossil-based fuel’s cost is rising continuously because of the hike in raw oil cost. The increasing
concerns about the unpredictability of fossil-based fuel make alternative fuels more appealing to researchers
as well as the manufacturers. The environmental issues emerging from hazardous emissions and a limited
fossil-based fuel source motivates the searches for option fuels from sustainable-renewable resources [1]. The
most feasible way to meet this ever-growing requirement is by using option fuels [2].

The transportation sector relies heavily on fossil-based energy sources such as liquefied petroleum gas,
liquefied natural gas, diesel, and gasoline fuel. Therefore, there is an extensive recent concern in learning more
about acquiring fuels from biomass-based resources. The environmental laws and ever increasing demand
from automotive sector has encouraged the production of renewable fuel from biomass to replace fossil-based
fuels [3]. In addition to the combination of pollution and climate instability, issues of security, increasing fuel
prices, and rising poverty in agricultural and rural fields are propelling countries to pass effective incentives
for the utilization of these natural liquid energy sources, which is in turn brilliant investment [4].Burning fossil-
based fuels create higher amount of CO, and other harmful gases. Using bio-based counter-part rather than
fossil-based fuel is efficient in decreasing greenhouse gas and creating financial benefits by reducing health
care expenses as well. Hence, utilization of many bio-based fuel alternatives is more volatile than conventional

fuel, which can contribute to the solution of ozone trouble [5].
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Figure 1. The primary energy resources view as automotive fuels [6].
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The primary energy resources’ view as automotive fuels is given in Fig. 1 [6]. Some of the alternative
fuels have been utilized in reality and display a potential as future automotive fuels. Compared with fossil-
based conventional fuels, biomass-based non-conventional fuels have sustainability, energy power, and
superiority in environment effect. The liquefied petrol gas and liquefied natural gas are more environment
friendly, acceptable running variety, and minor running costs, and hence are able to replace the traditional
fossil-based fuels in the near future. In the mid-term period, the biomass-based fuels will probably develop to
be more cost efficient and sustainable. In the long period, the hydrogen is predicted to replace the traditional
fuels because of the trend of unsustainable generation pathway of the future and high investment costs [7-9].
But, bio-based fuels cannot be utilized directly because of high oxygen and water content, high corrosiveness,
viscosity, and low heating capacity [10]. For example, bio-gasoline can be produced from wood waste,
agricultural straw, animal oils, animal waste, and algae. In addition, vegetable oil can become more attractive
for the generation of bio-gasoline due to the numerous bio-varieties. All of the plant-based oils are eminently
viscous. Their viscosities are 9 to 17 times greater than fossil-based gasoline fuel. On the other hand, vegetable-
based oil’s heating capacity is lesser than half that of fossil-based gasoline. Hence these vegetable oils are
proposed to be transformed into bio-gasoline by hydrothermal or pyrolysis. However, these chemical processes

require high production cost [11-13].

There are articles that have evaluated a range of biofuels and fossil fuels according to structural
properties. For example, Frank et al compared a plenty of algae-based pathways for manufacturing renewable-
based fuels such as renewable gasoline and diesel, and bio-diesel [14], Sobrino et al. analyzed fossil-based
fuels with ethanol [15], Festel et al. analyzed a plenty of biofuels containing biodiesel and ethanol [16], and
Xie et al. compared a series of coal and biomass-based liquid fuel alternatives[17]. In the literature, few diverse
approaches are presented to evaluate the fuel options by multi-criteria analysis. For Taiwan’ urban fields,
Tzeng et al. used an integrated decision making methodology for the choice of option fuel buses. A set of 11
criteria was used for evaluation and comparison purposes. They utilized buses fueled with liquid propane gas,
compressed natural gas, diesel, methanol, hybrid electric buses and hydrogen fuel cell bus. Analytical
Hierarchy Process (AHP) was utilized to obtain the criteria weights along with VIKOR and TOPSIS
methodologies to evaluate and rank the option fuel buses [18]. To obtain the proper fuel mixture, Kone and
Buke used Analytical Network Process (ANP). By Super Decisions software, the proposed analysis was
applied to two different option scenarios with environmental indicators and electricity production[18].
Streimikiene et al. utilized the TOPSIS technique for comparative evaluation of power sources in
transportation. The evaluation depended on economic and environmental parameters. They also considered the
transportation infrastructure’s impact on the emissions and energy consumption by vehicles [20]. Through a
data envelopment analysis (DEA) method and Pareto optimal approach, Fazeli et al. (2011) presented a multi-
criteria assessment for the selection of the light-work vehicle fleets’ fuel alternatives. To determine the most
desirable alternative, they considered user’s approval, technology development’s risk, and pollutants’

emissions to the atmosphere, fuel supply availability, and transition costs as assessment criteria [21]. By using
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AHP, Pilavachi and Tsita assessed 7 option fuels for transportation sector in Greece. Internal combustion
engine, biofuels (1st and 2nd generation) and gasoline’s blends, fuel cells, electric vehicles, hybrid vehicles,
and plug-in hybrids were assessed according to policy and cost perspectives [22]. For road transportation,
Mohamadabadi et al. proposed PROMETHEE Methodology application for evaluation and enrichment for
ranking non-renewable and renewable fuel vehicles. The vehicles that depend on E85 ethanol, gasoline-electric
(hybrid), compressed natural gas, diesel, gasoline, and B100 biodiesel were assessed in regard to fuel cost,
vehicle cost, distance between refueling centers, vehicle alternatives accessible to the harmful emissions, and
consumer in their article [23]. Zhou et al. presented fuels’ multi-criteria evaluation to compare the traditional
fuels with renewable and new fuels. Pure ethanol, compressed natural gas, blend of 85% methanol and 15%
gasoline by volume, traditional diesel, and traditional gasoline were evaluated in regard to global warming
potential, life cycle cost, vegetable oil, vehicle alternatives available to consumer, net energy product, and
nonrenewable source depletion potency utilizing an LCA viewpoint [24]. Brey et al. used DEA method to
analyze and compare the fuel-cell vehicles with hybrid and traditional internal combustion engine vehicles in
terms of environmental, technical, and economic aspects. The used method entails more familiarity and
computation with the linear programming concepts [25]. In Malaysia, Najib and Abdullah developed an IF-
AHP (intuitionistic fuzzy analytic hierarchy process) for choosing the best power technology[26]. To resolve
alternative fuel group problem, Montajabiha used PROMETHEE Il methodology. By IFS, all criteria weights
and ratings of each alternative were presented. To display the methodology’s practicability, it was implemented
to maintainable power designing problems [27]. To determine the criteria weights and to rank the option fuels,
Paul et al. (2015) applied AHP, MOORA, and PROMETHEE methodologies. The determination of data in
regard to the assessment signs is pre-necessity before utilizing all these methodologies for obtaining the
maintainability order of the option fuels. Nevertheless, it is generally problematic or even impossible to utilize
accurate data with units to characterize the alternative fuels’ performances in regard to the assessment
indicators [28]. To assess the biodiesel optimum blend, Sakthivel et al. performed an analysis by combining
VIKOR and TOPSIS with ANP methodologies[29]. Liang and Ren utilized the fuzzy TOPSIS methodology
which was then used to obtain the marine fuels’ maintainability order and the fuzzy logarithmic least squares
methodologies to obtain the criteria weights for marine fuels’ maintainability evaluation[30]. Sehatpour et al.
used the PROMETHEE methodology to study the alternative fuels utilized in light vehicles including diesel,
biodiesel, liquid petroleum gas, compressed natural gas, ethanol, methanol, hydrogen, and biogas in regard to
the assessment indicator[31]. For shipping, Lutzen and Ren used fuzzy AHP to obtain the criteria weights for
maintainability evaluation of alternative energy resources and then rank the energy resources by unifying
Dempster-Shafer theory with MADA methodology[32]. For CO; emissions, Nocera and Cavallaro evaluated
alternative fuels by the three alternative scenario analyses[33]. In the years 2020-2030, Ang and Poh
performed backward and forward AHP to assess the possible plans and transportation fuels for Singapore
depending on the choice of the most proper fuel option for road transportation[34]. On the basis of multiple

criteria, Lanjewar et al. employed a hybrid multi-criteria method by using graph theory, as well as AHP
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methods for the nonconventional and conventional transportation fuels’ efficiency evaluation[35].
Papalexandrou et al. performed AHP to assess the biofuel production’s complete chain. The substitution’s
potential, the biofuel cost over the conventional fuels, the total cycle energy consumed and the total life cycle
emissions were considered as the criteria. The best alternative was determined to be the bioethanol produced
from wheat straw [36].

The aim of this paper is to investigate the most feasible liquid fuel alternative to utilize in the internal
combustion engines by using many critical comparison criteria from various scientific aspects. The assessment
scale points are defined for each of comparison criteria. The experts evaluated the performance of 8 fuel
alternatives (gasoline, diesel, biodiesel, ethanol, methanol, liquefied petroleum gas, liquefied natural gas, and
hydrogen) according to given points for each of criteria. Based on their significance, the weights for each
comparison criteria are found. The most feasible liquid fuel is determined with given assessment scale points
for each of fuel alternatives, and weighing for each of criteria based on their significance in internal combustion

engines.
2. MATERIAL AND METHOD
2.1 The Model Structure

To obtain a framework for relations with multi criteria decision-making issues, an AHP based model
is structured. Among decision levels, AHP models adopt a unidirectional hierarchical connection. AHP
methodology permits the hierarchical tree building and weighing each indicator through pairwise comparison
between indicators and criteria by a matrix to obtain a coherent and consistent administration of both
qualitative and quantitative data. To determine weights of criteria, such a method is used in this paper.

In an AHP hierarchy for choosing an optimum fuel for internal combustion engines, the goal would
be to choose the most appropriate alternative that satisfies various sets of criteria. These criteria are often
subdivided into several sub-criteria. This study involves six main criteria of top level. Composition of the fuel
involves Carbon, Hydrogen, and Oxygen. Physical and chemical properties of analyzed fuels are considered
as the second main group of criteria. Density, molecular weight, specific gravity, freezing point, boiling
temperature, and Reid vapor pressure are considered within this group. The third main criterion is the fuel
properties which involves cetane and octane numbers, energy content, flash point, auto ignition temperature,
viscosity centipoise, flammability, latent heat of vaporization, stoichiometric air/fuel ratio, and maximum
practice compression. The fourth group is the environmental criteria. HC, NOy, CO, PM10, CO., and ozone
forming impact of the selected fuel types are considered as the sub-criteria under this group. The fifth group
covers a set of qualitative criteria that are quantified based on expert evaluations for the purpose of this study.
Energy security impacts, fuel availability, types of vehicles available, maintenance issues, and safety are

evaluated. The final criterion involves financial aspects of the fuel types used. 8 Alternative fuel types are
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these criteria are constructed as shown in Fig.2 and Table 1, respectively.

Financial
Properties

Composition

Main
Criteria

Environment
Properties

Physical-
Chemical
Properties

Main
Criteria

Sub-criteria

Figure 2. Main criteria

Table 1. Hierarchy of criteria

Fuel Composition Physical- Environment Qualitative Financial
Properties Chemical P.
Cetane Carbon Density HC Energy Security Price
number Impacts
Octane Hydrogen Molecular NOXx Fuel Availability Production
number Weight cost
Energy Oxygen Specific CoO Types of vehicles
Content gravity available
Flash Point Freezing PM10 Maintenance
point Issues
Autoignition Boiling CO, Safety
Temperature temperature
Viscosity Reid vapor  Ozone-forming
Centipoise pressure impacts
Flammability
Latent heat of

vaporization
Stoichiometric
air/fuel
Max. Practical
compression

2.2 Result and Discussion
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While measurements for some criteria are readily available, some others can only be estimated with
respect to other variables. As it is the case in all multi-criteria decision models, the relative priorities of such
criteria need to be determined. This is accomplished by pairwise comparison of the factors, starting with the
main criteria. Below are the resulting priorities of composition, physical-chemical properties, fuel properties,

environmental properties, qualitative aspects, and financial properties shown in Fig. 3.

0,0504 0.0504 = Composition

® Physical-Chemical

Properties
0,0923 .
= Fuel Properties
Environmental
0,2536 Properties

B Qualitative Aspects

m Financial Properties

Figure 3. Priorities of main criteria

In the next step, there are groups of sub-criteria under each main criterion to be compared two by two.
Each pair of sub-criteria related to the fuel property is compared based on their impact on fuel property
criterion.

At this point, the comparison for fuel property criteria is made, and the method has obtained the local
priorities for this group. These priorities reflect on how much it adds to the weight of its parent, thus we need
to calculate the “global priority” of each sub-criterion which shows the impact of each on the overall goal of
determining the best fuel for internal combustion engines. The global priorities throughout the hierarchy should
add up to one. The global priorities of each sub-criterion are calculated by multiplying their local priorities
with the priority of its parent criterion which results in the following values for the sub-criteria under fuel

property. Fig. 4 shows the resulting global weights for these criteria based on pair wise comparisons.

Max. Practicle comp. ] 0,0169
Stoichiometric air/fuel ] 0,0238
Latent heat of vaporiz. | 0,0336
Flammability ] 0,0064
Viscosity _____ | 0,0086

Autoignition Temp. | 0,0468
Flash Point ] 0,0120
Energy Content | 0,0659
Octane 10,0950
Cetane 10,0950

0 001 002 003 004 005 006 007 008 009 O,
Figure 4. Global priorities of sub-criteria under fuel properties
The second group of sub-criteria involves the composition of the fuel in terms of C, H, and O. These
three atoms are evaluated in terms of their impact on the quality of fuel. The factors under the fourth group
27
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showing the physical and chemical properties of the fuel alternatives are also compared pairwise to assess their
impact. Financial criterion covers the production cost of the fuel and the price. The fuel alternatives are
evaluated from the environmental perspective due to its critical role on the sustainability of these energy
sources. HC, NO,, CO, PM10, CO; production of the fuel types along with their ozone impact are evaluated
under within this group. Finally, a set of qualitative properties such as energy security, fuel availability, types
of vehicles available, maintenance, and safety issues are grouped under this main criterion. All these elements
are compared as to how significant impact they have on the overall goal. Fig. 5 shows the global priorities of

the mentioned groups of sub-criteria.
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Figure 5. Sub-group priorities

After determining the priorities of the main criteria with respect to the overall goal of choosing the

optimum fuel and priorities of each sub-criterion with respect to their own main criterion, the fuel alternatives
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are compared two by two with respect to each sub-criterion. 8 different fuel alternatives are used for the
purpose of this investigation to be evaluated.

The properties of the selected alternatives are presented in Table 5-6 below:

Table 2. Physical and chemical properties[37-56]

Liquefied  Liquefied

. Methanol
. Diesel - Ethanol Petroleum  Natural
Gasoline (No. 2) Biodiesel (E85) (M85) Gas Gas Hydrogen
(LPG) (LNG)

Composition, Weight
%
Carbon 85-88 84-87 66.1 52.2 37.5 82 75 0
Hydrogen 12-15 33-16 13.7 13.1 12.6 18 25 100
Oxygen 0 0 18.2 34.7 49.9 0 0 0
Density, kg/m3 718.98 - 802.861-
@15,56 °C 778.95 886.742 826.827 792.08  794.47 505.68 128.22 -
Molecular Weight 100-105 200 88.15 46.07 32.04 44.1 16.04 2.02
Specific 0.72-0.78 0.81-0.89  0.744 079  0.79% 0.508 0.424 0.07
gravity,15,56°C
Freezing point, °C -40 -40-30 -164 -173.2 143.5 -305.8 -296 -435
Boiling temperature°c  20:57~ 18768~ 55 7778 65 4222 -16167  -20.13

' 225 343.33 ) ) ' '
Reid vapor pressure, 55.16—
kPa 103.4 14 53.8 15.86 31.72 1434.11  16547.42 -

Table 3. Fuel properties [37-56]
. Diesel - Ethanol ~ Methanol
Gasoline (No. 2) Biodiesel (E85) (M85) LPG LNG Hydrogen

Cetane no. 5t020 40to55 461to 60 0-54 N/A N/A N/A N/A
Octane no. 86t094 8to15 ~25 110 112 104 120+ 130+

Energy Content [kJ/m®]  31246.17-

(Lower heating value) 2354 28 35809.61 33318.585 21273.17 15955.58 23480.48 5919.59  14376.74

Energy Content [kJ/m®]  33552.14-

(Higher heating value) 34653 56 38597.16 35662.45 23558.51 18171.24 25478.75 661244  17004.32

Flash Point [°C] “4278 7389 100-170  12.78 1111 8722 -187.78 N/A
Autoignition 148.89 42278  454.44- 17.19- -
Temporature [°C] 257.22  315.55 793 510 17.22 1718
ViscosityCentipoise @

1556 °C 0.37-044 2.6-41  0.35 1.19 0.59 - - -
Flammability limits, 1.4-76 1-6 1684 4319  7.3-36 2295 53-15 4.1-74
volume%

Latent heat of vaporization

Ki/kg@ 15,56 °C 34890 23260 320.99 921.10 1176.96  449.15 509.40 446.82

Stoichiometric air/fuel,

. 14.7 14.7 11.7 9 6.45 15.7 17.2 343
weight

Max. Practicle

; . 10:1 23:1 23:1 19:1 19:1 17:1 17:1 -
compression ratio

Table 4. Weighted emissions obtained (in uS/km) for vehicles using alternative fuels on basis of exposed emissions [37-56]
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Diesel

Biodiesel

Ethanol

Methanol

Gasoline (No.2)  (soybean) (E85) (M85) LPG LNG  Hydrogen
HC 2643 2173 2461 2005 2488 1595 454 516
NOx 10113 15581 17694 1176 576 2114 3210 787
CO 164 33 26 30 28 5 2 2
PM10 361 7716 5145 1637 175 1703 103 128
Total 13281 25502 25327 4848 3267 5417 3768 1432
*The ozone-forming
impacts of burning the 2 1 5 4 5 5 6 5
fuel
CO; (Ibs COa/gal) 20 22 19 13 3 13 10 0
Table 5. Qualitative Characteristics [52-56]
Liquefied Liquefied
Gasoline Diesel Biodiesel Ethanol M(E;\;h;;)o' Petroleum Natural Hvdrogen
(No. 2) (soybean) (E85) Gas Gas ydrog
(LPG) (LNG)
Energy Security Impacts 2 1 5 4 4 2 3 5
Fuel Availability 6 5 3 2 2 4 1 1
Typ_es of vehicles 6 5 5 4 4 5 4 1
available today
Maintenance Issues 6 6 3 4 4 5 5 5
Safety 5 4 6 6 6 3 4 4
Table 6. Financial attributes [55-56]
. L Liquefied Liquefied
Gasoline (I,D\llgszl) (E Z)O%'ee;ﬁ; E(tEgg;)l '\/I(?\;h;;)m Petroleum Natural Gas  Hydrogen
: Y Gas (LPG) (LNG)

Price 0597  0.652  0.850 0525  0.436 0.750 0.665 0.317
($ per Liter)
Production cost g /4 887 2173 10,34  11.69 7.32 14.22 5,91

($/GJruel)

a National average price between July 1 and July 31, 2017

The final step in applying the AHP technique is pairwise comparisons of the alternatives with respect

to the sub-criteria. In order to design an objective scheme for this purpose, the maximum and minimum values

of the alternatives for each sub-criteria is determined. This range is divided into nine even ranges on a scale

from 1 to 9. Finally each alternative is placed in one of these ranges based on their values to compare them

with each other. Remainder of this section presents the priorities obtained under each sub-category using this

scheme.

3. CONCLUSIONS

The biomass-derived fuel is renewable and clean energy source that is considered to be a potential to

replace the traditional fuel. The multi-criteria evaluation methodology has been performed in transport projects

to choose among various options considering mostly economic, environmental, technical, safety, policy, and

social criteria.
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This study aims to find the most appropriate plant oil based on various criteria exist in the literature.
A list of criteria is evaluated and divided into five groups. Each criterion is appointed a relative weight as a
result of expert evaluations. Finally, AHP method is applied to the resulting scheme. Based on the calculations

above, the relative priorities corresponding to the attractiveness of each fuel about all factors are presented

below:
0,18
0,16
0,14
0,12
0,1
0,08 |
0,06 E
0,04
0,02 -
£ = - E
0 = - = m=Em | E=EmE
Composition Chem.-Phys. Fuel Prop. Environment Qualitative Financial Total
Prop. al Prop. Prop. Prop.
= Gasoline 0,0038 0,0049 0,0414 0,0103 0,0129 0,0153 0,0888
Diesel 0,0035 0,0065 0,0687 0,0089 0,0082 0,0181 0,1138
Biodiesel 0,0053 0,0051 0,087 0,0192 0,0204 0,0035 0,1404
Ethanol 0,0098 0,0051 0,0484 0,0301 0,014 0,0172 0,1247
= Methanol 0,0171 0,0046 0,0437 0,0388 0,014 0,0167 0,1349
=LPG 0,0035 0,0049 0,0328 0,0385 0,0058 0,0224 0,1078
= LNG 0,0031 0,0143 0,0312 0,0573 0,0052 0,0095 0,1207
= Hydrogen 0,0044 0,0048 0,0506 0,0504 0,0119 0,0468 0,1688

Figure 6. Fuel comparison
The obtained results indicate that the Hydrogen with a global priority of 0.1688 presents itself as the
optimum source of energy that satisfies all the criteria selected. On the other hand, Gasoline obtains the lowest
priority score of 0.0888. The results also indicate that LNG is the alternative that contributes the most to the
environment, presenting itself as an environment-friendly energy source.
Aside from providing a quantitative method to evaluate the alternative fuels, this study brings together
a wide range of properties that are grouped under a set of criteria. Various critical qualitative aspects of fuels

such as energy security and safety etc. are also quantified to be added into this quantitative analysis.

The model developed within the scope of this study can further be enhanced or improved to cover
different aspects of alternative energy sources for internal combustion engines and serve both the policy-
makers and the industry itself.

31



H. Bayindir / Dicle Universitesi Fen Bilimleri Enstitiisii Dergisi 8(3) (2019) 21-34

REFERENCES

[1] Sangeeta, Moka S., Pande M., Rani M., Gakhar R., Sharma M., et al. Alternative fuels: an
overview of current trends and scope for future. Renew Sustain Energy Rev 2014;32: 697-712.

[2] EIA, 2016b. International Energy Outlook 2016, U.S. Energy Information Administration
<http://lwww.eia.gov/outlooks/ieo/pdf/0484(2016).pdf> (last retrieved on February 2, 2017).

[3] Wang J., Bi P., Zhang Y., Xue H., Jiang P., Wu X, et al. Preparation of jet fuel range
hydrocarbons by catalytic transformation of bio-oil derived from fast pyrolysis of straw stalk.
Energy 2015;8:488-99.

[4] Demirbas, A., Competitive liquid biofuels from biomass, Applied Energy 88 (2011) 17-28

[5] Sadeghinezhad, E., Kazi, S.N., Sadeghinejad F., Badarudin, A., Mehrali, M., Sadri, R., Safaei,
M.R. A comprehensive literature review of bio-fuel performance in internal combustion engine
and relevant costs involvement, Renewable and Sustainable Energy Reviews 30 (2014) 29-44.

[6] https://www.ipcc.ch/publications_and_data/ar4/wg3/en/ch5s5-3-1-3.html

[71 Zhang, T., Possibilities of Alternative Vehicle Fuels -A literature review, Thesis, Energy
Systems Bachelor Program in Energy Systems, Faculty of engineering and sustainable
development, Department of Building, Energy and Environmental Engineering, 2015.

[8] Huiling, L., Bing, L. X., Hong, W., Jingdun. J, Biomass resources and their bio energy potential
estimation: a review. Renew Sustain Energy Rev 2013;26:344-52.

[9] Peitao, Z., Yafei S., Shifu, G., Zhengian, C., Kunio, Y., Clean solid biofuel production from
high moisture content waste biomass employing hydrothermal treatment. Appl Energy 2014;
131:345-67.

[10] Wang, S., Wang, Y., Cai, Q., Guo, Z., Production of biogasoline by Co-cracking of acetic acid
in bio-oil and ethanol. Chin J Chem Eng 2014;22(1):98-103.

[11] Balo, F., Ucar, A., Development of the insulation materials from coal fly ash, perlite, clay and
linseed oil, Ceramics-Silikaty 54 (2), 182-191

[12] Balo. F., Yucel, HL., Assessment of thermal performance of green building materials produced
with plant oils, International Journal of Material Science(IJMSCI) 3 (3), September 2013, 118-
129.

[13] Selvaratnam, T., Pegallapati, A.K., Reddy H., Kanapathipillai N., Nirmalakhandan N., Deng,
S., et al. Algal biofuels from urban wastewaters: maximizing biomass yieldusing nutrients
recycled from hydrothermal processing of biomass. Bioresour Technol, 2015, 182:232-238.

[14] Frank, E.D., Han, J., Palou, Rivera, I, Elgowainy, A., Wang, M.Q., Life-cycle analysis ofalgal
lipid fuels with the GREET model. Energy Systems Division, Argonne National Laboratory;
2011. Available from: https://greet.es.anl.gov/

[15] Sobrino, F.H., Monroy, C.R., Perez, J. L. H., Biofuels and fossil fuels: life cycle analysis(LCA)
optimisation through productive resources maximisation. Renew Sustain Energy Rev
2011;15(6):2621-2628.

[16] Festel, G, Wiirmseher, M, Rammer, C, Boles, E, Bellof, M. Modelling production cost
scenarios for biofuels and fossil fuels in Europe. J Clean Prod 2014;66(0): 242-253.

[17] Xie, X, Wang, M, Han, J. Assessment of fuel-cycle energy use and greenhouse gas emissions
for Fischer_Tropsch diesel from coal and cellulosic biomass. Environ Sci Technol
2011;45(7):3047-3053.

[18] Tzeng GH, Lin CW, Opricovic S. Multi-criteria analysis of alternate — fuel buses for public
transportation. Energy Policy 2005;33:1373-83.

[19] A.Kodne, T. Buke, An Analytical Network Process (ANP) evaluation of alternative fuelsfor

32


https://www.ipcc.ch/publications_and_data/ar4/wg3/en/ch5s5-3-1-3.html
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://greet.es.anl.gov/

[20]
[21]
[22]

[23]

[24]
[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]
[38]

H. Bayindir / Dicle Universitesi Fen Bilimleri Enstitiisii Dergisi 8(3) (2019) 21-34

electricity generation in Turkey, Energy Policy 35 (2007) 5220-5228

Streimikiene D, Balez'entis T, Balez entiene” L. Comparative assessment of road transport
technologies. Renew Sustain Energy Rev 2013;20:611-8.

Fazeli, R, Leal, V, Sousa, JP. A multi-criteria evaluation framework for alternative light-duty
vehicles technologies. Int J Multicrit Decis Making 2011;1:230-51.

Tsita, KG, Pilavachi, PA., Evaluation of alternative fuels for the Greek road transport sector
using the analytic hierarchy process. Energy Policy 2012;48:677-86.

Mohamadabadi, H.S., Tichkowsky, G., Kumar, A., Development of a multi-criteria assessment
model for ranking of renewable and non-renewable transportation fuel vehicles. Energy
2009;34:112-25.

Zhou, Z, Jiang, H, Qin, L. Life cycle sustainability assessment of fuels. Fuel 2007;86:256—63.

Brey, JJ, Contreras, |, Carazo, AF, Brey, R, Hernandez-Diaz AG, Castro A. Evaluation of
automobiles with alternative fuels utilizing multicriteria techniques. J Power Sources
2007;169:213-B.

Abdullah, L., Najib, L., Sustainable energy planning decision using the intuitionistic fuzzy
analytic hierarchy process: choosing energy technology in Malaysia. Int. J. Sustain. Energ. 35
(4), 2016, 360-377.

Montajabiha, M., An extended PROMETHE Il multi-criteria group decision making technique
based on intuitionistic fuzzy logic for sustainable energy planning. Group Decis. Negot. 25 (2),
2016, 221-244

Paul, S., Sarkar, B., Bose, P.J., Eclectic decision for the selection of tree borne oil(TBO) as
alternative fuel for internal combustion engine. Renew. Sustain. Energy Rev.48, 2015, 256-
263.

Sakthivel, G., llangkumaran, M., Gaikward, A., A hybrid multi-criteria decisionmodeling
approach for the best biodiesel blend selection based on ANP-TOPSISanalysis. Ain Shams
Eng. J. 6 (1), 2015, 239-256.

Ren, J., Liang, H., Measuring the sustainability of marine fuels: a fuzzy group multi-criteria
decision making approach. Transp. Res. Part D Transp. Environ. 54, 2017, 12-29.

Sehatpour, M.H., Kazemi, A., Sehatpour, H., Evaluation of alternative fuels for light-duty
vehicles in Iran using a multi-criteria approach. Renew. Sustain. Energy Rev. 72, 2017, 295-
310.

Ren, J., Litzen, M., Selection of sustainable alternative energy source for shipping: multi-
criteria decision making under incomplete information. Renew. Sustain. Energy Rev. 74, 2017,
1003-10109.

Nocera, S., Cavallaro, F., The competitiveness of alternative transport fuels for CO2 emissions,
Transport Policy 50, 2016,1-14

Poh, K.L., Ang, B.W., Transportation fuels and policy for Singapore: an AHP
planningapproach. Comput. Ind. Eng. 1999;37(3):507-25

Lanjewar, PB, Rao, R.V., Kale, A.V., Assessment of alternative fuels for transportationusing
a hybrid graph theory and analytic hierarchy process method. Fuel,2015;154:9-16.

Papalexandrou, M.A., Pilavachi, P.A., Chatzimouratidis Al. Evaluation of liquid biofuelsusing
the analytic hierarchy process. Process Saf Environ Prot.2008;86(5):360-74.
www.afdc.energy.gov

American Petroleum Institute (API), Alcohols and Ethers, Publication No0.4261, 3rd ed.

33


http://www.afdc.energy.gov/

[39]
[40]
[41]
[42]

[43]
[44]

[45]
[46]

[47]

[48]
[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

H. Bayindir / Dicle Universitesi Fen Bilimleri Enstitiisii Dergisi 8(3) (2019) 21-34

(Washington, DC, June 2001), Table 2.

McCormick, R.L., Biodiesel Handling and Use Guidelines—Fourth Edition, National
Renewable Energy Laboratory, 2009

Owen, K., and Coley, T., Automotive Fuels Reference Book: Second Edition. Society of
Automotive Engineers, Inc. Warrendale, PA. 1995.

Petroleum Product Surveys: Motor Gasoline, Summer 1986, Winter 1986/1987. National
Institute for Petroleum and Energy Research.

American Petroleum Institute (API), Alcohols and Ethers, Publication No. 4261, 3rd ed.
(Washington, DC, June 2001), Table B-1.

Heywood, J., Internal Combustion Engine Fundamentals. McGraw-Hill Inc. New York, 1988.

The National Biodiesel Board website reports that "most maj6r engine companies have stated
formally That the use of blends up to B20 will not void their parts and workmanship
warranties."Accessed (http://mvww.biodiesel.org/using--biodiesel/oem--information/oem--
statement--summary--chart)

Greenhouse Gases, Regulated Emissions, and Energy Use in Transportation (GREET) Model,
version 1. Input Fuel Specifications. Argonne National Laboratory. Chicago,IL, 2013.
Methanol Institute. Fuel Properties. Accessed:
http://www.methanol.org/Energy/Resources/Alternative--Fuel/Alt--Fuel--Properties.aspx
Sheehan, J., Camobreco, V., Duffield, J., Graboski, M., and Shapouri, H., An Overview of
Biodiesel and Petroleum Diesel Life Cycles. Report of National Renewable EnergyLaboratory
(NREL) and US-Department of Energy (DOE), 1998.

Energy Information Administration. Monthly Energy Review. Summary For 2006

McCormick, R.L., Williams, A. Ireland, J., Brimhall, M., and Hayes, R.R., Effects Of
Biodiesel Blends on Vehicle Emissions. NREL Milestone Report NREL/MP-40540-40554,
2006.

Wang, M., Energy And Greenhouse Gas Emissionsimpacts of Fuel Ethanol. Presentation to
the NGCA Renewable Fuels Forum, August 23, 2005. Argonne National Lab. Chicago, IL
Kelly, K., Eudy, L., and Coburn, T., Light---Duty Alternative Fuel Vehicles: Federal Test
Procedure Emissions Results. Report of National Renewable Energy Laboratory (NREL),
NREL/TP, 1999, 25540-25818,

Murray, J., Lane, B., Lillie, K. and McCallum, J.,. An Assessment Of the Emissions
Performance of Alternative and Conventional Fuels. Report of the Alternative Fuels Group of
the Cleaner Vehicles Task Force. Norwich, UK, 2000

Beer, T., Grant, T., Morgan, G., Lapszewicz, J., Anyon, P., Edwards, J., Nelson, P., Watson,
H., & Williams, D., Comparison of Transport Fuels on The Stage 2 Study of Life-Cycle
Emissions Analysis of Alternative Fuels for Heavy Vehicles, Australian Greenhouse Office,
Southern Cross Inst. of Health Research, (EV45A/2/F3C), book, Melbourne University, 2011
Queddeng, E. A., Decision Analysis Using Value-Focused Thinking To Select Renewable
Alternative Fuels, Air University ,Thesis, March 2005

Clean cities alernative fuel price report, Department of energy, Energy efficiency &renewable
energy, July 2017

DOE Stanford University, College of the desert and green econometric research, 2017

34



