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Abstract. Aviation gases have been performing a significant role in the social and economic growth of any nation,
and demand is anticipated to rise in the upcoming years as a result of the accelerated development of technology.
Particularly, growing urbanization has significantly increased fossil fuel use, and excessive reliance on carbon-
based fuels has seriously harmed the environment worldwide. As the globe looks for fresh approaches to combat
"climate change and global warming", "Renewable fuels and hydrogen" have emerged as the ecological sectors'
saviors. One such industry is aviation. The current aviation sector's objective is economically efficient aviation. To
prevent global warming, there is gaining awareness in attaining carbon-neutral aviation. Since it is defined as
comparing their respective priority in a limited number of options, the selection of the best sustainable AAF can be
thought of as "a multi-criterion decision-making (MCDM) problem”. Here “The EDAS method” is used to select the
most preferred alternate aviation gasoline. The rank of “Algal-based fuel is third, Petroleum refining is fourth,
Soybean-based fuel is second and Fischer-Tropsch synthesis based on natural gas is first”. This study's findings
indicate that among the alternative aviation fuels considered, "Fischer-Tropsch synthesis based on natural gas" is
the best option, whereas "petroleum-refined Aviation gasoline (avgas)" is the least popular.

Keywords: Sustainable alternative aviation fuels, GHG emissions, social benefits, Efficiency and MCDM

1. INTRODUCTION

Recent years have seen a significant increase in interest in "sustainable aviation fuel (SAF)", a feasible substitute for
non-renewable fossil fuels that are produced from renewable bio-based supplies. The SAF offers a much smaller CO2
emission effect when subjected to fossil sources [1,2]. Given the benefits to the ecology, SAF is currently not economically
competitive because of its high manufacturing costs. Several organizational initiatives, financial assistance from the
government, and strong laws are required to promote the universal implementation of SAF by the aviation sector [3]. By
enhancing technical comprehension of the production processes, examining the demands of the supply chain, and lowering
the uncertainties and risks related to launching “commercial-scale bio-refinery projects, incentives" are also required to
make SAF affordable with fossil energy [4]. The ecological impacts of SAF use, including carbon offset and water use, are
also severely examined. Also investigated is a thorough comparative evaluation of various bio-conversion techniques using
diverse feedstocks. SAF can dramatically cut "CO2 emissions from the aviation sector" and make a significant contribution
to climate change remedies, although there are still technological, economic, and policy obstacles [5,6]. As the transition
to carbon-neutral mobility proceeds, the aviation sector is under more stress than ever to reduce its carbon footprint. A
further factor supporting the need for fewer emissions is the expectation that commercial aircraft traffic will continue the
steady expansion it had before the pandemic. To reduce dependency on fossil fuels and achieve future emission objectives,
alternative fuel use is crucial. " Sustainable aviation fuels (SAF)", which comprise bio and synthetic fuels, are currently
the most practicable choice. As a long-term solution, hydrogen is also getting considered [7,8].

At the moment, kerosene fuels make up the majority of aviation fuels, however, it is acknowledged that switching to
"sustainable aviation fuels (SAFs)" is both advantageous and necessary as petroleum dregs are depleting and, consequently,
their prices are rising. The IATA has identified the production of drop-in self-sustaining petroleum products as possibly
the best potential program to lower the sector's impact on the ecosystem because traditional fuel economy breakthroughs
are inadequate to satisfy the company's objectives for carbon reduction and power generation along with sophisticated
aircraft architecture or hydrogen involvement require extensive construction reconfiguration of the entire segment [9,10].
In particular, one of the key pillars supporting the advancement of sophisticated aviation fuel technology is fuel supply. In
recent years, various sustainable alternative fuels, such as coal, gas, and biomass, have been employed in aviation fuel
manufacturing in addition to the traditional dissolved crude products used to make aviation fuel. These alternative aircraft
fuels (AAFs) can not only expand the sources of aircraft fuel but also firmly guarantee the supply of aircraft fuel while

Copyright@ REST Publisher 10


https://restpublisher.com/journals/aae/

Jaganathan Rajamanickam.et.al / Aeronautical and Aerospace Engineering, 1(3), September 2023, 10-17

taking environmental conservation into account [11,12]. Since more sophisticated aviation fuel innovations are more
helpful to enable the attainment of a low-carbon aviation sector, it is imperative to support and advocate the use of a variety
of alternative fuels to enhance and promote the sustainable expansion of the aviation industry. When confronted with a
variety of AAFs that can be offered as candidates for aviation power, it is typically of utmost importance to choose the best
AAF by weighing factors such as "product costs, availability, technological maturity, sustainability", etc. To put it another
way, various aviation fuels may appear to differ regarding "economic, social, and other factors" [13,14]. Even though
several new AAFs may have more favourable environmental effects than conventional aviation fuels, they may not be as
advantageous in other ways. When faced with several conflicting criteria, this makes it difficult for decision-makers (DMs)
to choose the best aviation fuel, which is also known as "a typical multi-attribute decision analysis (MADA) problem". The
purpose of this study is to help DMs evaluate the sustainability of AAFs and choose the most appropriate one from a
comprehensive view. As a result, it is crucial to investigate their sustainable showings to choose the most self-sustaining
fuels for aeroplanes throughout their lives [15,16]. In this study, four aviation fuels are being considered as alternatives:
"Fischer-Tropsch synthesis based on natural gas (A4), Algal-based fuel (A1), Petroleum refining (A2), and soy-based fuel
(A3)". Regarding the DMs, it is acknowledged that the AAF selection is a rather difficult issue that calls for DMs to
concurrently take into account "environmental, social, and technical performance in addition to economic
performance™ [17]. "Economic (Capital cost, Production cost per unit), environmental (GHG emissions), social (Social
benefits, Efficiency), and technical criteria (Innovation) are chosen to be evaluated the sustainability aim. Additionally,
from the body of current literature, sub-criteria relevant to each requirement were gathered and vetted.

2. MATERIALS AND METHODS

Keshavarz Ghorabaee et al. established the evaluation technique called "EDAS (Evaluation Based on Distance from
Average Solution) (2015)". The “distance from average solution (AV)" correlated to the best option in the EDAS technique
[18]. "The positive distance from average (PDA) and the negative distance from average (NDA)" are the first two
measurements produced by the EDAS approach. These metrics can display the variance between every alternate solution
and the median answer [19]. Greater PDA scores and lesser NDA rates will therefore signify the ideal solution. Larger
PDA and/or NDA values indicate that the alternative option is superior to the average answer [20].

» Select the characteristics that best define the decision possibilities for the given decision problem. It constructed the
choice matrix X, which shows how different solutions fare in comparison to particular standards.

X11 X¥12 "t X1
X =|X21 X2t Xop (D)
X31 X322 *t Xan
» Weights for the criteria are expressed in equation 2.
w; =[W1 - Wp], where 37 (W1 0 W) =1 2)

> The average result concerning all criteria must be computed using the formulas presented below, per the
specification of the EDAS method:

1 kij
AV, = —— 3

n
» The “positive distance from average (PDA)” is expressed in equation 4. Here B is “Beneficial criteria” and C is
“non-beneficial criteria”.

max(0,(x;j—AVjj)

AVij | ] €B
PDA;j =< )
(0,(AVij—x;j) .
AV,:]' | J €c

» The “negative distance from average (NDA)” is expressed in equation 5. Here B is “Beneficial criteria” and C
is “non-beneficial criteria”.

max(O,(AVij—xij)

jeB
NDAU = max(O?;i-j—AV--) (5)
(X ij .
AVi]' | J €c
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> Applying equation 2 calculated by multiplying by factors 4 and 5, respectively, "the weighted sum of the positive
and negative distances from the average solution for all options™ is normalized. The below Equation calculates
"weighted sums of the positive and negative distance".

» The “weighted sum of the positive and the negative distance from the average solution for all alternatives” is
normalized using equations 8 and 9.

SP;
NSPi - max;(SP;) (8)
SN;
NSN; =1 - () (9)

»  The “average of the normalized weighted sum of the positive and negative distances from the average solution for
all alternatives” is used to determine the “final appraisal score (ASi) for all alternatives”.

AS; = (NSPi;NSNi) (10)
where “0 < ASi < 1”. The alternative with “the highest appraisal score” is selected as the most preferred choice among the
other preferred choice [21,22]. In this research, “Algal-based fuel (A1), Petroleum refining (A2), Soybean -based fuel (A3),
and Fischer-Tropsch synthesis based on natural gas (A4)”, are being chosen for evaluation as alternatives. For the
assessment, the criteria closely related to the conservation target are chosen, namely “economic (Capital cost, Production
cost per unit), environmental (GHG emissions), social (Social benefits, Efficiency) and technical criteria (Innovation)”.

3. ANALYSIS AND DISCUSSION

TABLE 1. Decision matrix for sustainability selection of AAFs
AAFs | EP1 | EP2 | EP3 | EP4 | EP5 | EP6
AAF1 6 5 7 7 5 6
AAF2 4 6 2 4 5 5
AAF3 7 6 6 6 6 5
AAF4 6 5 3 3 3 1
AVj | 575|550 | 450 | 5.00 | 475 | 4.25

Table 1 shows data for the “Decision matrix for sustainability selection of AAFs”. the alternatives considered are
“Algal-based fuel (AAF1), Petroleum refining (AAF1), Soybean -based fuel (AAF1) and Fischer-Tropsch synthesis based
on natural gas (AAF1)”. The attributes are considered “social benefits (EP1), Efficiency (EP2), Innovation (EP3), Capital
cost (EP4), Production cost per unit (EP5) and GHG emissions (EP6)”. “Social benefits, Efficiency and Innovation” are
beneficial attributes. “Capital cost, Production cost per unit and GHG emissions” are non-beneficial attributes. Then, “the
corresponding average solution (AV) for all evaluation criteria” is calculated from equation 3 which can be seen in the last
row of Table 1.

sustainability selection of AAFs

Social benefits  Efficiency  Innovation  Capital cost  Production GHG emissions
cost per unit

e Algal-based fuel we Petroleum refining

wms Soybean -based fuel Fischer-Tropsch synthesis
based on natural gas

FIGURE 1. sustainability selection of AAFs

Figure 1 represents the data for the sustainability selection of AAFs. the alternatives considered are “Algal-based fuel
(AAF1), Petroleum refining (AAF1), Soybean -based fuel (AAF1) and Fischer-Tropsch synthesis based on natural gas
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(AAF1)”. The attributes are considered “social benefits, Efficiency, Innovation, Capital cost, Production cost per unit and
GHG emissions”. “Social benefits, Efficiency and Innovation” are beneficial attributes. “Capital cost, Production cost per
unit and GHG emissions” are non-beneficial attributes.

TABLE 2. PDA
0.0435 | 0.0000 | 0.5556 | 0.0000 | 0.0000 | 0.0000
0.0000 | 0.0909 | 0.0000 | 0.2000 | 0.0000 | 0.0000
0.2174 | 0.0909 | 0.3333 | 0.0000 | 0.0000 | 0.0000

0.0435 | 0.0000 | 0.0000 | 0.4000 | 0.3684 | 0.7647

Table 2 displays the PDA corresponding to the evaluation criteria. “The positive distance from average (PDA) value”
is calculated using “the average solution” from table 1 concerning “type of criteria (Beneficial criteria and non-Beneficial
criteria)” as displayed in equation 4.

TABLE 3. NDA
0.00000 | 0.09091 | 0.00000 | 0.40000 | 0.05263 | 0.41176
0.30435 | 0.00000 | 0.55556 | 0.00000 | 0.05263 | 0.17647

0.00000 | 0.00000 | 0.00000 | 0.20000 | 0.26316 | 0.17647
0.00000 | 0.09091 | 0.33333 | 0.00000 | 0.00000 | 0.00000

Table 3 displays the NDA corresponding to the evaluation criteria. “The Negative distance from average (NDA) value”
is calculated using “the average solution” from table 1 about “type of criteria (Beneficial criteria and non-Beneficial
criteria)” as displayed in equation 5.

TABLE 4. Weight
0.1667 | 0.1667 | 0.1667 | 0.1667 | 0.1667 | 0.1667
0.1667 | 0.1667 | 0.1667 | 0.1667 | 0.1667 | 0.1667
0.1667 | 0.1667 | 0.1667 | 0.1667 | 0.1667 | 0.1667

0.1667 | 0.1667 | 0.1667 | 0.1667 | 0.1667 | 0.1667

Table 4 shows the weights distributed to the alternatives. Here weights are equally distributed among evaluation
parameters “social benefits, Efficiency, Innovation, Capital cost, Production cost per unit and GHG emissions”. The
weights assigned to the test parameters add up to one.

TABLE 5. Weighted PDA

Weighted PDA SPi
0.00725 | 0.00000 | 0.09259 | 0.00000 | 0.00000 [ 0.00000 | 0.09984
0.00000 | 0.01515 | 0.00000 | 0.03333 | 0.00000 | 0.00000 | 0.04848
0.03623 | 0.01515 | 0.05556 | 0.00000 | 0.00000 | 0.00000 | 0.10694
0.00725 | 0.00000 | 0.00000 | 0.06667 | 0.06140 | 0.12745 | 0.26277

Table 5 shows the data values of “the Weighted Positive Distance from the Average and the sum of the Weighted
Positive Distance from the Average”. It is calculated using equation 6. “The weighted matrix of PDA” is calculated using
the multiplication of the matrix of PDA from table 2 and the matrix of criteria weight W from table 4. Then “the sum of
the weighted PDA values” is calculated corresponding to the alternates.

TABLE 6. Weighted NDA

Weighted NDA SNi
0.00000 | 0.01515 | 0.00000 | 0.06667 [ 0.00877 | 0.06863 | 0.15922
0.05072 | 0.00000 | 0.09259 | 0.00000 | 0.00877 | 0.02941 | 0.18150
0.00000 | 0.00000 | 0.00000 | 0.03333 | 0.04386 | 0.02941 | 0.10660
0.00000 | 0.01515 | 0.05556 | 0.00000 | 0.00000 | 0.00000 | 0.07071

Table 6 shows the data values of “the Weighted Negative Distance from the Average and the sum of the Weighted
Negative Distance from the Average”. It is calculated using equation 7. “The weighted matrix of PDA” is calculated using
the multiplication of the matrix of PDA from table 3 and the matrix of criteria weight W from table 4. Then “the sum of
the weighted NDA values” is calculated corresponding to the alternates.

TABLE 7. NSPi and NSNi value
AAFs | NSPi NSNi

AAF1 | 0.37995 | 0.12277
AAF2 | 0.18452 | 0.00000
AAF3 | 0.40697 | 0.41265
AAF4 | 1,00000 | 0.61043

Table 7 shows the normalized values of “the Weighted Positive Distance from the Average and the Weighted negative
Distance from the Average”. SPi and SNi values are normalized by equations 8 and 9 using values from tables 5 and 6.
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NSPi and NSNi

1.20000
1.00000
0.80000
0.60000
0.40000
0.20000
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Algal-based fuel Petroleum Soybean -based  Fischer-Tropsch
refining fuel synthesis
based on natural
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FIGURE 2. NSPi and NSNi value

Figure 2 shows a graphical representation of the normalized values of “the Weighted Positive Distance from the
Average and the Weighted negative Distance from the Average”. SPi and SNi values are normalized by equations 8 and 9
using values from tables 5 and 6.

TABLE 8. ASi
AAFs ASi
AAF1 | 0.25136
AAF2 | 0.09226
AAF3 | 0.40981
AAF4 | 0.80522

Table 8 shows the final appraisal score of alternative aviation fuels calculated by using 10. The final appraisal score
values were calculated using the average of NSPi and NSNi. Here the final appraisal score for “Algal-based fuel (AAF1)
is 0.25136, Petroleum refining (AAF1) is 0.09226, Soybean -based fuel (AAF1) is 0.40981 and Fischer-Tropsch synthesis
based on natural gas (AAF1) is 0.80522”.

Petroleum refining Soybean -ba

FIGURE 3. final appraisal score of alternative robots

Figure 3 illustrates the final appraisal score of alternative aviation fuels calculated by using 10. The final appraisal score
values were calculated using the average of NSPi and NSNi. Here the final appraisal score for “Algal-based fuel (AAF1)
is 0.25136, Petroleum refining (AAF1) is 0.09226, Soybean -based fuel (AAF1) is 0.40981 and Fischer-Tropsch synthesis
based on natural gas (AAF1) is 0.80522”.

TABLE 9. Rank

AAFs Rank
| Algal-based fuel 3
Petroleum refining 4
Soybean -based fuel 2
Fischer-Tropsch synthesis based on natural gas 1
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Table 9 shows the final rank of alternative aviation fuels calculated by using 10. In this instance, the options are listed
in decreasing order by the "final assessment score (AS)". Here rank of “Algal-based fuel is third, Petroleum refining is
fourth, Soybean-based fuel is second and Fischer-Tropsch synthesis based on natural gas is first”. The ranking order is
“AAF4>AAF3>AAF1>AAF2”

Fischer-Tropsch synthesis
based on natural gas

Soybean -based fuel

Petroleum refining

Algal-based fuel

TABLE 4. The rank of alternative robots

Figure 4 shows a graphical representation of the final rank of alternative aviation fuels calculated by using 10. The
options are listed here in order of descending of "the final appraisal score (AS)". Here rank of “Algal-based fuel is third,
Petroleum refining is fourth, Soybean-based fuel is second and Fischer-Tropsch synthesis based on natural gas is first”.
The result of this paper shows that “Fischer-Tropsch synthesis based on natural gas is the best alternate aviation fuel and
petroleum refined Aviation gasoline (avgas) is the least preferred” among the selected alternate aviation fuels.

4. CONCLUSION

As the globe looks for new strategies to combat "climate change and global warming" sustainable fuels like hydrogen
have emerged as saviors for environmentally harmful industries like flying. Ecological flying is currently the company's
main priority. As a way to slow global warming, the goal of achieving carbon-neutral flying is becoming more and more
popular. Hydrogen is a successful alternative energy source that is suited. It is abundant, pure, and produces no carbon
dioxide, but after use, all that is left behind is water, which has the power to cool the environment. Additionally, one of the
most crucial pillars supporting the advancement of sophisticated aviation fuel innovation is the availability of fuel.
Recently, in addition to the aircraft fuels produced from conventionally distilled crude goods, several promising alternative
energies have also been employed in aviation energy production. For instance, aircraft fuels can be derived from "coal,
gas, and biomass". These "alternative aviation fuels (AAFs)" have the potential to diversify avgas fuel sources while also
firmly ensuring the supply of aviation fuel while taking environmental conservation into account. This study's goal is to
help DMs evaluate the sustainability of AAFs and choose the most appropriate one from a broad perspective. It is crucial
to analyses their sustainable performances to choose the most ecological fuels for aircraft during their lives. The rank of
“Algal-based fuel is third, Petroleum refining is fourth, Soybean -based fuel is second and Fischer-Tropsch synthesis based
on natural gas is first”. The result of this paper shows that “Fischer-Tropsch synthesis based on natural gas is the best
alternate aviation fuel and petroleum refined Aviation gasoline (avgas) is the least preferred” among the selected alternate
aviation fuels.
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