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ARTICLE INFO ABSTRACT

Keywords:
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Developing countries

This study focuses on implementing electric vehicles (EVs) in developing countries where energy production is
mainly based on fossil fuels. Although for these countries the environmental short-run benefits of the EVs cannot
offset the short-run costs, it may still be the best option to implement the EVs as soon as possible. Hence, it is
necessary to evaluate the alternatives to introducing EVs to the market due to the environmental concerns that
created an opportunity for some developing countries to catch up with the international competition. Therefore,
we develop a case scenario to explore the decision-making process in implementing the EVs with three alter-
natives and twelve criteria. We solve the decision-making problem by using Type-2 neutrosophic numbers
(T2NNs) based on the RAFSI (Ranking of Alternatives through Functional mapping of criterion sub-intervals into
a Single Interval) method. The proposed model combines the advantages of the RAFSI technique, and it applies
T2NNs to address the uncertainties. The results show that the alternatives that may suspend the implementation
of the EVs are inferior. Direct implementation of EVs is prioritized. The policy implications of the results are
discussed in the study.

Renewable energies
MCDM

Neutrophic sets
RAFSI approach

1. Introduction A recent study (Sahin, 2022) put forward an interesting case analysis

in a developing country, Turkey. The results show that in the total traffic

The environmental benefits of EVs are obvious in various aspects.
Different types of EVs are proposed to be implemented for the sake of
environmental protection (Yuan and Cai, 2021). The EVs market is
getting bigger and expanding to supply different tastes (Tchetchik et al.,
2020; Benzidia et al., 2021) The increasing number of patents show that
EVs are the future of the automotive industry (Yuan and Li, 2020; Hain
et al., 2022; de Paulo et al., 2020). However, the extra demand for
electricity created by the increased use of EVs should be a concern for
decision-makers. Unsurprisingly, under some circumstances, the cost of
using EVs can exceed its benefits in the short run time.

demand, there is optimal use rate of electrical Autonomous Vehicles
(AVs) which is between 30 % and 50 %. Also, the increase in the number
of these electrical AVs can affect the occurrence of traffic accidents. The
major reason behind this appears to be the resource of electricity supply
in the country, in addition to the infrastructural challenges. As elec-
tricity is primarily produced from fossil fuels in Turkey, the environ-
mental costs of using electrical AVs exceed its benefits.

The emergence of specific technologies may differ across countries
(Lietal., 2021). Moreover, the transformation of the existing system is a
challenging issue and may fail because of various reasons, from
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macroeconomic conditions to the national industry’s international po-
sition. Technological strategies must be determined over micro and
macro economies as well as the stakeholders’ needs (Mohamad and
Songthaveephol, 2020; Wu et al., 2021; Ball et al., 2021; Ye et al., 2021).
Although the economic and technical conditions are appropriate, soci-
ety’s acceptance of the new technology may also be an obstacle (Adu-
Gyamlfi et al., 2022; Featherman et al., 2021). Some policy mixes in both
macro and micro levels that can cure at least some of the problems and
prepare the existing system for the transformation period (Raven and
Walrave, 2020; Deuten et al., 2020). Even some major changes in culture
and consumer behavior that are required can be promoted by the policy
makers (Kohler et al., 2020; Jiang et al., 2022; Moon et al., 2021; Jaiswal
et al., 2021; Huang et al., 2021a). The company-wide and system-level
changes must be planned by respecting the existing traditions (Wessel-
ing et al., 2020; Singh et al., 2021; Llopis-Albert et al., 2021b; Babar and
Ali, 2021). All the evidence from the literature clue in the difficulties of
policymaking in implementing EVs regarding its economy-wide impacts
as well as the technology diffusion in society. In this study, we aim to
explore the decision-making process, and to reach some policy impli-
cations in implementing EVs when environment-friendly energy pro-
duction is an additional concern in a country. Different scenarios that
simulate real-life conditions and reveal the bottlenecks of the transition
problems are possible to consider analyzing this strategic decision-
making process (Kishita et al., 2020; Krawinkler et al., 2022). The
major concern that we focus on is the structure of the energy market, and
the rate of change in fossil fuel consumption as the use of EVs increases
in traffic.

The infrastructural investments are expensive and constitute a sig-
nificant financial constraint in both the transportation sector and energy
sector. The impact of transformation on the automotive industry is more
obvious, and it may be required to support the stakeholders financially
(Llopis-Albert et al., 2021a; Gao and Zhang, 2022). While implementing
EV technology requires a lot of investment, it has a strong impact on the
whole economy (Tamba et al., 2022). This is especially true in terms of
how the transformation process affects the energy market most directly
where as the demand for fossil fuels for vehicles decreases, the demand
for electricity and hydrogen increases. Fossil fuel consumption is ex-
pected to be reduced with the implementation of EVs in transportation.
It is more likely that the implementation of EVs achieves successful
climate actions in a shorter time if electricity production does not
require fossil fuels. Investments in renewable energy resources in
developed countries have long since started this process (Pereira et al.,
2022). However, fossil fuels are still the major sources to produce
electricity in most of the developing world. For example, hydrogen de-
mand is expected to be doubled by 2040 (Park et al., 2022), yet the
paradigm shift that comes along with the new EV technologies can be an
opportunity for those developing countries who are trying to catch up
with the global competition in the automotive industry (Altenburg et al.,
2022). In that respect, it is not about whether to implement EVs or not,
but it is about how to implement the EVs so that the utilization can be
optimized. Therefore, it is vital to offer decision-makers in developing
nations an understanding of alternate methods for the utilization of
electric vehicles (EVs). Fuzzy based decision making models have been
successfully integrated into various problems (Zhou et al., 2022; Gopal
and Panchal, 2021).

In this study, a Type-2 neutrosophic numbers (T2NNs) based
methods RAFSI method is applied to choose the best alternative among
the three alternatives. The T2NNs are used to address incomplete,
indeterminate, and inconsistent information, which is why T2NNs are
effective at handling uncertain information. RAFSI provides flexible
decision-making and simulation of different risk levels to effectively
control the robustness of the results. The analysis results indicate that
the improved model based on T2NNs is a powerful, robust, and appli-
cable tool that can be applied to solve decision-making problems.

The rest of this study is structured as follows. Section 2 provides a
literature review. Section 3 defines the problem, alternatives, and
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criteria. The methodology is explained in Section 4. The case study,
results, discussion, and policy implications are provided in Sections 5, 6,
and 7, respectively. Finally, the conclusion of the study is explained in
Section 8.

2. Literature review

According to a study regarding driven factors of renewable energy
development, the best way to promote renewable energy is through high
feed-in-tariff (FIT) pricing, simple transmission access, and minimal
transmission adjustments (Alagappan et al., 2011). From a different
perspective, energy itself is known as a “strategic commodity”. There-
fore, especially in developing countries, sustainable energy is a trend-
topic, and renewable energy transition from fossil fuel combustion as
a primary energy supply is a long-term must (Sen and Ganguly, 2017).
Moreover, incrementation in investment in the region’s development of
renewable energy will be boosted by economic growth (Xu et al., 2019).
In addition, to advance the growth of renewable energy power genera-
tion, it will be beneficial to support the development of renewable en-
ergy technologies that will lower development, maintenance costs, and
increase reliability, applicability, and energy conversion efficiency
(Dincer et al., 2022). Altogether, it can be concluded that encouraging
renewable energy development could create a better future not only for
the electric vehicle industry but also for a sustainable economy and
environment.

Encouraging the use of electric vehicles could be done in various
ways. Benefits gained from it could exceed its costs. Lifting barriers in
front of EV adoption is the key to boosting the EV population. Local and
national governments may take action to increase the rate of transition
to EVs. Incentive policies such as operation subsidy, purchase subsidy,
access to high occupancy vehicle lanes, and free parking could be the
points in a written list (Kwon et al., 2018). Other than the governmental
assistance, the flexibility provided by regulations could result in good
feedback. Madina et al. (2016) state that accesses to private home
charging, in particular, is anticipated to be a significant factor in the
adoption of electric vehicles as long as owners can cover high yearly
mileage, charge their EVs more cheaply at night, and receive incentives
for EV purchases. To sum up, accomplishing proper ways to encourage
the use of electric vehicles could increase the civilization of the country
in many parts.

However, creating financial support results in different conse-
quences. First of all, fuel tax directly affects usage and its capital could
become a possible source for subsidies. The average gallon of gasoline in
the United States costs forty cents more in state and federal taxes than it
would without those taxes. This amounts to $8 billion in annual tax
receipts (EIA, 2008). Fuel taxes may not originally have been developed
for environmental purposes, but their impact is certainly ecological
(Parry and Small, 2005). Another outcome is that implementing a car-
bon tax plays a significant role in climate change actions. If fiscal rev-
enues aren’t redistributed, carbon taxes will impose a higher cost on
polluters than either command-and-control policies or emissions trading
systems with an initial free allocation of permits (Keohane et al., 2017).
Carbon taxes have been a popular idea among economists and interna-
tional organizations (EEA, 1996; OECD, 1996). In the future, vehicle tax
reform for internal combustion engines could be a new course of action.
Although there may be some discomfort for consumers, the transition
could be more sustainable financially. For example, Norway started this
procedure years ago. In 2007, the travel part of the tax was replaced by
the potential intensity of the vehicle’s CO5 emissions (Ciccone, 2018).

3. Problem definition

The latest climate events and their social and economic effects
enforce an ultimate change in the traditional way of modern life. The
transportation sector is carrying some burden of this transformation as
well. From pollution control to energy efficiency, various concerns are
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being closely watched. Clean and efficient alternatives are expected to
be developed. Using electrical vehicles (EVs) is highly encouraged
especially because of their positive impacts on the environment. How-
ever, EVs require significant infrastructural investments. In this study,
three alternatives to the EV adaptation process are analyzed using
decision-making with 4 aspects and 12 criteria. The decision hierarchy
of the decision-making problem is illustrated in Fig. 1.

3.1. Definition of alternatives
The definition of alternatives is explained in the following:

Aj: Encouraging renewable energy development: Energy is the world’s
most valuable asset. Today, most energy is provided by fossil fuels,
yet the consequences of climate change cannot be disregarded (Stern
and Stern, 2007). Economic damage caused by climate change could
equal the whole cost of World Wars I and II. It also addresses envi-
ronmental concerns. Renewable energy production could be the light
that humanity is looking for to thrive on our only planet.

Ag: Encouraging the use of electric vehicles: The widespread availability
of electric vehicles is a trend that can be seen in both developed and
developing countries. The source of the electricity that will be uti-
lized in EVs is the most contentious aspect of this discussion because
it is the most important question. Aside from that, electric vehicles
have significantly fewer greenhouse gas emissions than vehicles
powered by internal combustion engines. The promotion of the use
of electric vehicles will make a significant contribution to the
accomplishment of the goals of sustainable development. The
adoption of electric mobility across the globe is helping to lessen
humankind’s negative impact on the environment, lessen reliance on
fossil fuels, and broaden the range of available energy sources for
transportation (Onat and Kucukvar, 2022).

As: Regulation of the existing system through taxation and penalties:
Because the primary goal of changing the existing system is to reduce
GHG emissions and break free from the energy-dependent position
caused by fossil fuel combustion, governments could enact new
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legislation to regulate the existing system through taxation and
penalties. From the Kyoto Protocol in 1997 to the Paris Agreement in
2015, this approach has been legally popular and active. According
to Goulder (2020), interactions between policy efforts and the
financial system have a significant impact on policy reforms’ politi-
cal viability, distributional equality, and cost-effectiveness.

3.2. Definition of criteria

(1) Social and Political Aspect:

C1: Social acceptance (benefit): The usefulness of any novelty
intended for society is proportional to its acceptance by society.
The impact of alternatives on society and people’s reactions to
them are critical variables in determining their efficacy. The
user’s comfort with the use of the technology also has a consid-
erable impact on whether they intend to employ auto systems or
renewable energy sources (Park et al.,2018).

Co: Reduced political support (cost): Decision-makers must win
public support, and the simplest way to do so is to increase their
level of comfort. Aside from reducing GHG emissions, the EU’s
energy crisis caused by the Russia-Ukraine war needs alternate
energy sources and new taxes. For example, the results of a survey
done in Switzerland on changing support for renewable energy
sources are particularly fascinating. It also revealed the biggest
tendencies toward higher levels of support since the war, with
slightly under a third of respondents increasing their support
(Steffen and Patt, 2022).

Cs: Enhanced social inclusiveness (benefit): The social inclusivity
of the alternatives is an essential problem because the usage areas
of these alternatives may be limited. These advances necessitate
conscious people to reach their full potential. The key concerns
have been identified as familial factors that impact purchasing
decisions, a lack of trust in EVs because they use a developing
technology, and related societal difficulties because most con-
sumers are not early adopters (Goel et al., 2021).

T2NNs based MCDM Model

Implementation of EVs in Developing Countries

( Main and sub-criteria

o/

X

Social and Political ] [ Technical Readiness ]

C4: Technical Infrastructure
C1: Social acceptance C5:Preventive Maintenance
C2: Reduced Political support Services
C3: Enhanced Social inclusiveness C6: Availability of supply
chain

Image in International

Financial and Economic .
Community

A

C10: Requirement for the
adaptation rate

C11: The need for readiness
and resilience

C12: Enhanced global image

C7: The need for availability
C8: Job creation

C9: Enhanced macroeconomic
environment

CERENY A

Fig. 1. The decision hierarchy of the decision-making problem.
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(2) Technical Readiness Aspect:

3

(4

-

-

C4: Need for existence of technical infrastructure (cost): The use of
electricity as a source of power is necessary for electric vehicles.
They will require specialized infrastructure to function properly.
Although there has been an increase in investment in infra-
structure as a result of this market’s expansion over time, there is
still not enough public infrastructure to meet the demand. At this
time, existing gas stations will house fast-charging infrastructure
with high power of up to 350 kW. This will be the case for Ireland,
the United Kingdom, the United States, and Germany, as well as
the Tesla Supercharger network (Funke et al., 2019).

Cs: Need for existence of preventive maintenance services (cost):
Because of the way they are built, renewable energy systems like
solar panels and electric vehicles need to have regular mainte-
nance performed for them to be used for extended periods. In
contrast to the framework that has been established for electric
vehicle services, renewable energy facilities already have a well-
established service infrastructure in place. As was to be antici-
pated, maintaining the considered framework in a working state
for a longer time, and consequently increasing the device’s
accessibility, results in a greater amount of energy given, and
consequently, a higher income (Rinaldi et al., 2017).

Ce: Availability of supply chain of physical capital to implement the
alternative (benefit): The growing demand for EVs and renewable
energy necessitates the supply chain of items such as batteries,
cells, technologies, and so on. The most common battery type is
Lithium-Ion, and according to economic theories, if manufac-
turers are unable to make enough batteries to fulfill demand, the
EV business will suffer. Because of major technological ad-
vancements, changes in battery structural design, changes in the
supply chain and manufacturing process, as well as network re-
lationships, the transition to electromobility creates uncertainty
in the automotive supply chain (Marcos et al., 2021)

Financial and Economic Aspect:

Cy: The need for availability of financial support (cost): When the
project is completed, financial support is the most important
factor. To make aspirations a reality, both renewable energy
sources and electric vehicles must be economically sustainable.
Penalties and taxation are two methods that governments could
use to raise cash. Environmental taxes, for example, are used to
alter the overall price of producing power from fossil or non-fossil
sources (Abdmouleh et al., 2015).

Cg: Job creation (benefit): The range of the EV and renewable
energy industries creates a huge number of job opportunities. For
instance, the maintenance and repair of EVs differ from those of
vehicles with internal combustion engines. Although additional
jobs are projected to be produced in the household power in-
dustry, as stated in the preceding section, employment growth
estimates are provided for both the battery manufacturing and
charging network businesses (Becker et al., 2009).

Co: Enhanced macroeconomic environment of the country
(benefit): Every country has priorities that are directly tied to its
geographical location and political status. Some EU members
could redistribute resources to increase renewable energy sour-
ces, while other countries must prioritize public welfare.
Furthermore, countries with economic insecurity face greater
dangers than economically stable countries. Because of the two-
way causal relationship between economic growth (GDP per
capita) and renewable energy, per capita income influences the
development and consumption of renewable energy, and
encouraging economic development is beneficial to the growth of
renewable energy (Shakouri and Khoshnevis Yazdi, 2017).
Image in International Community Aspect

C10 Requirement for the adaptation rate of the industries to the
regulations (cost): To mitigate the effects of climate change,
industrialized and developing countries with the ability to change
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are compelled to act. The latter differs from the former in that
emerging countries’ growth may be hampered due to the limited
use of ecologically unfriendly resources. However, the benefits of
environmentally friendly technologies (EFT) may outweigh their
costs. Annual forages planted during the fallow season produced
more energy than they consumed, resulting in a lower energy
ratio than in conventional cropping systems (Deng et al., 2021).

C11: The need for readiness and resilience to climate change (cost):
Governments are being forced to take climate action in trans-
portation. Such agreements are mainly signed by developing
countries. The extent to which current infrastructure is robust
and prepared for disasters is critical in the decision-making pro-
cess. Infrastructure could be harmed if enough precautions are
not taken and no plans are made to prepare for future disasters.
Infrastructure must be available if the new transportation system
is to be integrated. The growing number of EVs may cause con-
cerns in the future due to oversupply; however, countries may be
able to tackle these issues by investing in the industry with less
money than projected. Payback guarantee issues could be
resolved by integrating renewable energy sources with EV
charging stations (Alghoul et al., 2018).

C12: Enhanced global image of the government (benefit): In today’s
global environment, a government is no longer the sole decision-
maker for international community-related acts. Global images
are increasingly crucial for governments as nations become more
intertwined through trade and financial difficulties. Governments
take steps to strengthen their international power, comfort, and
reputation. Climate change measures have been one of the most
important topics related to reputation in recent years. Furthermore,
making a decision may affect other countries due to agreements. As
a result, governments must use greater caution when executing
movements. Despite officials at the Ministry of Environment seeing
the national benefit of forest preservation and carbon trading
mechanisms when compared to the Ministries of Foreign Relations
(MRE) and Science and Technology (MS&T), this ministry’s role in
universal agreements is negligible (Lahsen, 2013).

4. Methodology

Zadeh (1965) introduced the fuzzy set theory to address the un-
certainties in knowledge. Afterward, Atanassov (1986) generalized the
fuzzy sets theory to the intuitionistic fuzzy sets that represent the
membership and non-membership functions. Later, the neutrosophic
sets were presented by Smarandache as an extension of fuzzy sets in
(Smarandache, 1998). Neutrosophic sets have been successfully applied
to decision problems (Abdel-Basset et al., 2022; Mishra et al., 2021;
Donbosco and Ganesan, 2022; Broumi et al., 2023). The membership
functions are illustrated in Fig. 2. In this section, some of the funda-
mental notations and operations are provided on Type-1 neutrosophic
and Type-2 neutrosophic sets, and the steps of the proposed decision-
making model are given as follows:

4.1. Type-1 neutrosophic set

Definition 1 (Smarandache, 1998). Let F be a universe of discourse.
A neutrosophic set g in F is represented by truth 7, (f), indeterminacy
{p(f), and falsity ¢, (f) membership functions. These functions are
expressed by:

o ={{, 7(), (), wp ()] fEF} €))

where these functions present real subsets of [ ~0,1"], 4 (f), £,,(f), and
@p(f) : F— [70,1"]. The sum of three membership functions must
satisfy:

70§”‘”@(f)+cg<1(f)+(ﬂ@(f) §3+7 V/EF (2)
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4.2. Type-2 neutrosophic set

The Type-2 neutrosophic numbers (T2NNs) were presented by
Abdel-Basset et al. (2019), and extend the neutrosophic set developed by
Smarandache (1998). The fundamental definitions and operations of
T2NNs are defined by:

Definition 2 (Abdel-Basset et al., 2019). Let F be a universe of

discourse and N[0, 1] be the set on S[0, 1]. A T2NNs Z in F is expressed by

Z = {{f, (), &), 02())| f €F}, where z;(f) = F - N[0, 1],
&(f) © F — N[0, 1],and g,(f) : F — N[0, 1].

A T2NNS N are represented by a truth 7, (f), indeterminacy ¢, (f),
and falsity ¢;(f)memberships and defined by 7m;(x) =

(”ﬂz (f) s T, (f) s Ty, (f) )’ CZ(X) = (§ﬂ7 (f) ; C§7 (f) ) €¢i (f) ): and
@;(x) = (9.,(f), ¢;,(f), #,,(f)) belonging to the truth, indetermi-
nacy, and falsity memberships of f in Z, and for every f € F: 0 <
7 (> + &)’ + 0, (F)* < 3

A Type-2 neutrosophic number (T2NN) can be represented by Z =
(7, () 7, () s 70,(£)) (G, ()5 C, () &y, (),

@z, 95, (F)s 0,,()))-

Definition 3 (Abdel-Basset et al., 2019). Let two T2NNs 21 and 22 be

expressed by:

Zi =((7e, ()5 75, () 70, (1)) (6, ) &, () 6, ),
(00, 00, ()2 @, 1)) ),

and

Zo =( (70, (). 7, () 70, () + (60, () G, () 4, D))
(00, 00, ()2 0, 1)) )

Some basic operations can be expressed by:

(a) Addition “@”
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(c) Scalar multiplication

QZ = ((1- (=, (), 1= -n, () 1= -7,())")

(€)% @) €,0)*),
(@, 0% (0,1, (0, 1))%) ),
)
where Q > 0.
(d) Power
2" = (5,0 (e, (D), (7, ())*)
(1-0-@&, M) 1-a azv))‘i —(1=¢, ("),
(1= =0, )% 1= =g, ()™ 1-(1=0,(N)*) )-
(6)

where Q > 0.
Definition 4 (Abdel-Basset et al., 2019). The score function H(i) of
7 is can be expressed by:

H(Z)= 12<8+(ﬂn7(f)+2(ﬂ:i(f))+ﬂ<a7(f))*(an(f)JrZ(CgZ(f))Jr(ﬁ(f))

—(@,() +2(0, (1) +9,,(1))-
6

The accuracy function K(Z) of Z is expressed by:

—

K(Z) = 3 (1, (N +2 (7, () + 7, () = (@, () +2(0, () +0,,()))

)

The relations between H(Z) and K(Z) can be defined as follows:

4

DIf H(21)>H(22), then Kll is greater than 7., denoted by 71> Zo.

2) If H(Z1) = H(Z»), and K(Z1))K(Z,), then Nj is superior to Zs,
denoted by Kh > Klz.

3) If H(Z1) = H(Z,), and K(Z1)
denoted by 21 = 22.

:K(Zz)7 then 21 is equal to 22,

2102 = ((Ra, () + 70, (1) = 72, (D70, (D)) (2, () + 75, () = 7, (), (1))

s (B, () 4 70, () = 70, (D), ().
(60, 00, )5 &, 140, () <, (), ),
(0, e, 0)5 0, (D0, () 0, (D0, (1)) ),

(b) Multiplication “® ”

20920 = (s, () + 75, (). 7, (), () % ()74, ()
(0, 1)+ 0, (1) = 0, P, (), &, (4L, )
=L, (N¢, (1), &, (D48, (N =4, (f){,ﬁz f) )
(0, )+ 0, (1) = 0, )02, () 0, () + 005, ()
— g, (1oe, (). 0, () +0,, (f) 04, (N0, () ).
(€))]

(3)

4.3. T2NNs based RAFSI model

The RAFSI model (Zizovi¢ et al., 2020) was introduced to efficiently
process group uncertain and unspecified information. This section pro-
vides a T2NNs based RAFSI model for choosing the most suitable al-
ternatives for imposing electric vehicles. The RAFSI model has been
successfully integrated into a variety of decision making problems
(Alosta et al., 2021). The stages of the proposed T2NNs based RAFSI
model are presented in Fig. 3.

The evaluation criteria, alternatives, and the group of experts are
defined to construct the proposed model. The set g; = (%1, %4, ..., $,)
having i = 1,2, ...,n alternatives is assessed by mthe decision criteria of
the set ¢; = (61,62, -+, 6m) having j = 1,2, ..., m criteria using the group
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Membership functions

(a) Fuzzy sets

Membership functions
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Non-mermbership
function

(b) Intuitionistic fuzzy sets

A
1
2,
“
%, 6
e,
% iy,
e
1
1
0 X
1 ]
|
|
9 |
g | pfAN---==- -— %
= %5%&
13} )
< X
=] %%
< 2%
E 0 %
= ; %,
2! !
£ !
s
0

(c) Neutrosophic sets

Fig. 2. Some fuzzy sets and their membership functions.

of experts n; = (11,1, -.-,71.)(£ =1,2,...,e). The linguistic terms are

determined. ¢ @1 g2 e 2
811 812 eeees 8im
s . S . <
Step 1. Create the initial decision matrix X = (;(y) with T2NNs. G = (g),, = : 821 8n  eeee 8om 9
mxn 3 b
Experts provides their opinions for each alternative regarding each
decision criterion using linguistic terms. Sm
8in 8w  eeeees 8nm
[ZJ B ZC T I . )
S wherel <i<nand1l <j<m.
Xu X e Xim
S S
X=(x ,;;)m.m = _2 X X eeeees Xom (€)) Step 3. Find the weights of the criteria by applying Eq. (6) with the
: . . . help of experts opinions in terms of each criterion. The criteria
S weights are represented by w; = (j =1,2,...,m).
Xin KXo woveee Xom

wherel1 <i<nand1l <j<m.
Afterward, the linguistic terms in the initial matrix into the T2NNs
decision matrix are converted.

Step 2. Calculate the score values G = (gi‘) using T2NNs based on
mxn
the initial matrix with the help of Eq. (6):

{(aAl,a,/)7for benefit criteria
J

Step 4. Find the ideal and anti-ideal values using y; and Eq. (10). The
experts provide two values aj, and a,;, where a;; denotes the ideal
value of g;, and ay, is the anti-ideal value of g;. It can be seen that aj, >
aa; for benefit (max), and ay < ap for cost (min) criteria.

10)

(a,j ,aAI), for cost criteria

Step 5. Build the standardized decision matrix T = (), using Egs.
(11)-(13). In order to make all the criteria of the initial decision
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Aggregation Process =
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Step 3. Determine the criteria ( )
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weights
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)

Step 1. Create the initial
decision matrices

v

Step 2. Calculate the score
values of each alternative

v

( )
Step 4. Find the ideal and anti-

ideal values
\_ J

Step 5. Structure the
standardized decision

v

-
Step 6. Obtaine the normalized
decision matrix

v

Step 7. Calculate the criteria
function of alternatives

Number based RAFSI

1C

Sensitivity Analaysis

Type-2 Neutrosoph

g

Stage 3

Fig. 3. The flowchart of the proposed T2NNs based RAFSI model.

matrix or to transfer them to the criteria range [J1, 24, we are where Jy; and J; denotes the relations. a; is the value of the i-th
creating many sequences from the interval A with A — 1 points added alternative for the j-th criterion from the initial decision matrix.
between the highest and lowest values of the criteria interval. Later,
the sub-intervals into the criteria interval are mapped with the help ¢ Pr o2 &
of functions ®;, ®,, ®3 and as illustrated in Fig. 4. T Tz eeeees Tim
S
$1 <8 <85 < T < Fs < T < Snt < S an  T=u =, | T2 o Tan a3
where ®;4(x) denotes a function. It maps sub-intervals into the criteria [
interval [J1, S2x] using Eq. (12). Tin Ton e Tom
San — S =31 — A Soa
D,(x) = o +— - 12 Step 6. Find the normalized decision matrix with the help of Egs.
%~ o~y (14)-(17)
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Fig. 4. Mapping of sub-intervals into the criteria interval.
Tij . .
25 i j€max Table 1
v, = 5 (14 The list of the alternatives and evaluation criteria for imposing electric vehicles
P if j€min in developing countries.
T
Y Main- Sub-criteria Types
and 6 represent the arithmetic and harmonic means, respectively. criteria
P P y

The p and § values are found using Egs. (15)-(16) for min and max
sequence of the elements J,; and J.

a3 &
f= «51;«527\ (15)
2
§=5—7 (16)
5 T,

Afterward, the values are normalized with the help of Eq. (17).

o1 g ®
i
€1 €12 .o Elm
G2
N= (Sij)m(m = . €y Epn ...l Eum (17)
gm
Ein € oen.n. Enm

where ¢; € [0,1] is the elements of X.

Step 7. Obtain the criteria function of each alternative 6; using Eq.
(18).

m
0; = wign +wrep + - +wig; = Zw/e,-/- (18)
=1

Then, rank the alternatives in decreasing order according to the
values of ;.

5. Case study

To simulate the decision-making process in implementing EVs where
the electricity is mostly produced by fossil fuels, we consider a scenario
that includes three alternatives: One alternative is to focus on the
renewable energy development first, before starting to finance the
implementation of EVs; another alternative is to focus on the imposing
the EVs by directing the available financial resources to the process; a
third alternative is to maintain the status quo for a while and to regulate
the existing system before transforming the whole system. In choosing
the alternative to implement EVs, we build up a set of 12 criteria based
on literature and experts’ opinions. Different outcomes may occur in
different countries because of the importance of the 12 criteria. The case

Social and Political (MC;)

C Social acceptance Benefit

Cy Reduced political support Cost

Cs Enhanced social inclusiveness Benefit

Technical Readiness Aspect (MC5)

Cy Need for the existence of technical infrastructure Cost

Cs Need for the existence of preventive maintenance services. Cost

Ce Availability of supply chain of physical capital to Benefit
implement the alternative

Financial and Economic Aspect (MCs)

C; The need for availability of the financial support Cost

Cs Job creation Benefit

Co The enhanced macroeconomic environment of the country ~ Benefit

Image in International Community Aspect (MCj,)

Cio Requirement for the adaptation rate of the industries to the Cost
regulations

Ci1 The need for Readiness and resilience to climate change Cost

Cia Enhanced global image of the government Benefit

Table 2
The linguistic scale for evaluation ratings of the criteria (Abdel-Basset et al.,
2019).

Linguistic variables/terms T2NN

Weakly important (WI) <(0.20, 0.30, 0.20), (0.60, 0.70, 0.80), (0.45, 0.75,

0.75)>

Equal important (EI) <(0.40, 0.30, 0.25), (0.45, 0.55, 0.40), (0.45, 0.60,
0.55)>

Strong important (SI) <(0.50, 0.55, 0.55), (0.40, 0.45, 0.55), (0.35, 0.40,
0.35)>

Very strongly important <(0.80, 0.75, 0.70), (0.20, 0.15, 0.30), (0.15, 0.10,
(VSD 0.20)>

Absolutely important (AI) <(0.90, 0.85, 0.95), (0.10, 0.15, 0.10), (0.05, 0.05,
0.10)>

scenario is tested in Turkey through questionnaires by Turkish experts
from academia and the transportation sector. The novel method that we
used to solve the decision-making problem is tested against two other
already existing fuzzy methods.
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Table 3
The linguistic scale for evaluation ratings of alternatives (Abdel-Basset et al.,
2019).

Linguistic variable Type-2 neutrosophic number

Very Bad (VB) <(0.20, 0.20, 0.10), (0.65, 0.80, 0.85), (0.45, 0.80, 0.70)>

Bad (B) <(0.35, 0.35, 0.10), (0.50, 0.75, 0.80), (0.50, 0.75, 0.65)>
Medium Bad (MB) <(0.50, 0.30, 0.50), (0.50, 0.35, 0.45), (0.45, 0.30, 0.60)>
Medium (M) <(0.40, 0.45, 0.50), (0.40, 0.45, 0.50), (0.35, 0.40, 0.45)>
Medium Good (MG) <(0.60, 0.45, 0.50), (0.20, 0.15, 0.25), (0.10, 0.25, 0.15)>
Good (G) <(0.70, 0.75, 0.80), (0.15, 0.20, 0.25), (0.10, 0.15, 0.20)>

Very Good (VG) <(0.95, 0.90, 0.95), (0.10, 0.10, 0.05), (0.05, 0.05, 0.05)>

5.1. Proposed methodology results

Three alternatives are defined under four main and twelve sub-
criteria, and these criteria are used to select an alternative to imposing
electric vehicles in developing countries with the help of six experts. The
list of the alternatives and criteria is reported in Table 1.

The linguistic ratings for the evaluation of the alternatives and
weighting of the criteria are given in Tables 2 and 3.

The twelve criteria are evaluated by six experts using the linguistic
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Step 3. Applying Eq. (6), the weight coefficient of the criteria is
found with the help of Table 4. The weights of each criterion are
illustrated in Fig. 5 and presented in Table 7.

Step 4. The ideal a4, and anti-ideal o, values for each criterion are
defined using Eq. (10) and Table 6 and are listed in Table 8.

Step 5. The standardized normalized decision matrix is obtained
using Egs. (11)-(13) and Tables 6 and 8. The values of the matrix are
presented in Table 9.

Step 6. The normalized matrix of each alternative is found using Egs.
(14)-(17) and Table 9, and are presented in Table 10.

Step 7. The overall values of each alternative are obtained using Eq.
(18) and Table 10. These values are given in Table 11. The ranking of
the alternative by 6; in decreasing order is listed in Table 11 as

Table 6
The score values of each alternative regarding criteria.

terms given in Table 2. The expert opinions of each alternative regarding Alternatives G C G G G G
the criteria using linguistic terms given in Table 3 are collected. The Ay 0.878 0.834 0.832 0.800 0.780 0.888
evaluation results are reported in Tables 4 and 5. Az 0.893 0.847 0.855 0.742 0.758 0.887
Az 0.819 0.742 0.857 0.890 0.896 0.816
. L. i Type Max Min Max Min Min Max
Step 1. The linguistic assessments of alternatives are transformed
into the corresponding Type-2 neutrosophic numbers using Table 5
with the help of Table 3 and structured .the initial d.eCISIOI‘I matl.'lx. Alternatives c Ce C Cio e Cia
Step 2. The score values of each alternative concerning are obtained
: : A 0.750 0.886 0.895 0.805 0.742 0.879
using Egs. (8) and (8), and are presented in Table 6. !
§ B4 ®) (&), P Ay 0.800 0.893 0.896 0.778 0.780 0.889
A3 0.778 0.769 0.874 0.733 0.758 0.831
Type Min Max Max Min Min Max
Table 4
The linguistic assessments of the criteria regarding criteria by experts.
Experts Criteria
G Ca Cs Ca Cs Ce G Cs Co Cio Ci1 Ci2
E; Vsl VSI AL Al St St Vsl EI AL EI Vsl SI
E, EI VSI St VSI St AL Al St VSl VSl AL SI
E3 VSI VSl EI Al EI AL Vsl VSI AL VsI Vsl SI
Eq Al VSI WI VSI EI AL Al VSI VSI St Vsl EI
Es VSI EI EI VSI Vsl AL VSI VSI AL VSI SI SI
Eq SI Al EI VSI Vsl AL Al EI St St Vsl SI
Table 5
The linguistic assessments of the alternatives regarding criteria by experts.
Alternatives Experts Criteria
C C, Cs Cq4 Cs Cs C; Cg Coy Cio Cn Ci2
Ay E; G B VG B VB VG B G VG B VB VG
Es G MG B B M MG VB G MG B VB G
Es G MB M MG MB G VB G G MB B VG
E4 G M M M B MG B VG VG B VB VG
Es G MB M MB M MG VB G VG B VB VG
Es MG G MB VB VB VG VB MG MB MG VB VG
A, E; G VB G VB VB VG VB VG VG VB MG VG
Eo VG G MG VB VB MG MG G MG MB B G
E3 G G MB B B G B VG VG VB B G
E4 VG MB M VB VB VG VB VG VG VB VB VG
Es VG MB MG VB MB G B VG G VB B VG
Es G G G VB VB B G MG B G VB VG
As E; VG VB M G G M G B G VB B M
Ey VB VB VG VG VG VB B B G VB MB M
E3 B B M G G B B B MG VB VB MG
E4 MB VB M VG VG VB VB VB VG VB VB M
Es M VB M B MB MG VB M MG VB VB MG
Ee B VB VG G VG VG VB VB B VB VB MG
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Fig. 5. The weights of each criterion.

Table 9
The standardized normalized decision matrix.

Table 7
Weighting coefficients of each criterion.

Aggregated T2NNs of the criteria Score Normalized Alternatives G G G Cs Gs Cs

values values Ay 4.882 4.342 2.578 3.488 3.009 5.418
G <(0.68,0.65,0.63), (0,0,0), (0,0,00> 0.885 0.084 A 5633 4.679 3762 2.041 2457 5.365
G <(0.73,0.68,0.66), (0,0,0), (0,0,0)>  0.895 0.085 As 1933 2041 3863 5757 5889  1.807
C;  <(0.47,0.43,0.41), (0,0,0), (0,0,0)>  0.811 0.077 Type Max Min Max Min Min Max
Ccs  <(0.78,0.75,0.75), (0, 0,0), (0,0,0)>  0.918 0.087
Cs  <(0.56,0.53, 0.5), (0, 0, 0), (0, 0, 0)>  0.843 0.080
Cs  <(0.78,0.76,0.81), (0, 0,0), (0,0,0)>  0.926 0.088 Alternatives G Ce Co Cro C Cis
C,  <(0.79,0.76,0.78), (0, 0, 0), (0,0,0)>  0.923 0.087
Cs  <(0.61,0.56,0.52), (0,0, 0),(0,0,0)> 0.855 0.081 A 2.249 5.638 5.750 3.620 3.082 4.959
Co  <(0.76,0.74,0.76), (0, 0, 0), (0,0,0)>  0.916 0.087 Ag 3.491 5.825 5.783 2.942 5.019 5.452
Cio <(0.62, 0.6, 0.57), (0, 0, 0), (0, 0, 0)>  0.867 0.082 Az 2.942 2.733 4.678 1.833 3.914 2.551
C1 <(0.74,0.71, 0.7), (0, 0, 0), (0, 0, 0)>  0.904 0.085 Type Min Max Max Min Min Max
C1»  <(0.48,0.51, 0.5), (0, 0, 0), (0, 0, 0)>  0.832 0.079

Table 10

ranked in > > ¢,. It can be seen that is the most suitable
§2 > §1 > 3 2 The normalized matrix.

alternative.
Alternatives C; Cy Cs Cy Cs Ce
L A 0.697 0.197 0.368 0.246 0.285 0.774
5.2. Validation of the results Az 0.805 0183 0537 0420 0349 0766
As 0.276 0.420 0.552 0.149 0.146 0.258
In this section, the results of the proposed T2NNs based RAFSI model
are tested and validated by comparing it with T2NNs based TOPSIS
(Abdel-Basset et al., 2019) and T2NN based CoCoSo (Deveci et al., Alternatives C, Cs Co Cio Cn Ciz
2022). The ra}nkmg results of each .methodology .are show.n in Fig. 6, and A 0.381 0.805 0.821 0.237 0.278 0.708
are reported in Table 12. The ranking of alternatives obtained from each Ay 0.245 0.832 0.826 0.291 0.171 0.779
methodology is Az > A; > As. Each T2NNs based model obtained A to As 0.291 0.390 0.668 0.468 0.219 0.364
be the most suitable alternative while A3 is the less suitable alternative
for the three methodologies.
Table 11
6. Results and discussion The overall values of each alternative.
Alternatives 0; Rank
All the methods verified the same solution that the implementation N 0.484 N
. - . - - 1 -
of EVs directly is best to start immediately although it may cause a Ay 0.515 1
higher consumption of fossil fuels in the short run. The second alter- As 0.349 3
native has the highest rank, while the first alternative is the second-best
Table 8
The set of ideal and anti-ideal values.
Alternatives C; Cy Cs Cy4 Cs Ces C; Cs Co Cio Cu1 Ci2
Ideal 0.9 0.7 0.9 0.7 0.7 0.9 0.7 0.9 0.9 0.7 0.7 0.9
Anti-ideal 0.8 0.9 0.8 0.9 0.9 0.8 0.9 0.7 0.8 0.9 0.8 0.8

10
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Proposed Model Abdel-Basset et al. (2019)'s Model Deveci et al. (2022)'s Model
Methodologies
Fig. 6. The comparison of the proposed model with existing T2NN based MCDM models.
7. Policy implications
Table 12

The ranking results of comparative analysis.

Proposed model Abdel-Basset et al. Deveci et al. (2022)

(2019)
Overall values  Rank  Overall values Rank  Overall values  Rank
A;  0.484 2 0.766 2 2.228 2
A,  0.515 1 0.844 1 2.257 1
Az 0.349 3 0.156 3 1.868 3

option, and the third one is the least favorable.

The results put forward that even in the case where energy produc-
tion is highly dependent on fossil fuels, the investments should be
directed to the implementation of EVs at the first hand. Although
environmental concerns are the prior reasons behind the support given
to the development of EVs, the benefits can be agreed to be utilized in
the long run.

The investments that are made to improve renewable energy pro-
duction are highly important not just for the transportation industry but
for the whole economy. It is inevitable to accelerate renewable energy
production for all the countries, taken the depleting fossil fuel resources
of the world. However, the results of the model imply that it should be
already an ongoing process while societies are adapting themselves to
the new environment-friendly technologies socially, culturally, and
economically.

The regulations can be temporary solutions in transition periods to
encourage stakeholders to relinquish traditional systems and internalize
environment-friendly technologies. Yet, the results hint at the direct
implementation of the new technology is significantly prioritized for the
model.

As a result, the findings of the model suggest that the direct impo-
sition of EVs is prioritized over the other alternatives that may tempo-
rarily suspend the implementation process in developing countries. Even
if the short-run costs may exceed the short-run benefits, the environ-
mental concerns are serious enough so that the expected long-run ben-
efits override the short-run losses.

11

The enormous increase in energy demand since the beginning of
industrialization caused the Western world finally to search for non-
fossil energy sources. After all, the reallocation trials of the fossil fuel
resources of the world had led to drastic consequences such as the world
wars or the Cold War period. The recent urges to take climate action
accelerated the efforts in producing energy from renewables. Unfortu-
nately, the developing world is not ready to invest in renewable energy
resources, yet. We are all in the same boat, and the countries, whether
developed or not, have to take climate action. However, the imple-
mentation of environment-friendly solutions, such as the use of EVs, can
create some additional problems due to the lack of required infrastruc-
ture. In this study, we analyze a decision-making process for imple-
menting EVs in a developing country in which energy production is
mainly from fossil fuels. If it is a fact that the environmental benefits of
the new technology can be only utilized in the long run, could it be still
in the best interest of a country to implement it directly? The results of
the model give a significant positive answer to that question.

The results imply that alternatives that may improve the short-run
environmental benefits of the use of EVs are seen as the delaying of
the implementation process. Renewable energy production is highly
important, and must be done but it should be prioritized over the direct
implementation process.

The implementation of EVs is already a challenging process. It re-
quires a gentle planning procedure that includes macro-and microeco-
nomic concerns. The financial investments, which are economy-wide,
are supposed to be supported by the government. Studies show that
manufacturers of EVs as well as the other stakeholders in the automotive
industry are better to be financially supported at the first stages of the
transition period (Gao and Zhang, 2022) However, excessive subsidies
may cause uncontrollable imperfections and market failures (Ye et al.,
2021). In other words, careful industrial policies have to be designed
and then practiced. Moreover, the consumers’ preferences may tend to
stick to traditional vehicles depending on the lifestyle and demography
of the country (Huang et al., 2021b; Bas et al., 2021). Therefore, first,
consumer tastes should be tested and then strong promotions should be
provided to the consumers to convince them to use EVs. Even in some
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cases, traditional vehicles can be adapted to new technologies, such as e-
rickshaws in India (Singh et al., 2021). This kind of hybrid solution that
brings traditional and new technology together can be much more easily
internalized. Yet, it may take some time for consumers to be convinced
about the benefits of EVs. From both the consumer and producer sides,
there are various obstacles to solve. Industry-wide transformation of the
business models may be required.

The implementation of EVs also transforms a lot of other industries
other than automotive, such as the transportation networks and the lo-
gistics sector (Monios and Bergqvist, 2020). Similarly, the vertical
markets are also directly affected by the transition. The production of
power systems to charge EVs, or hydrogen production, requires huge
investments that cannot be financed by the government’s budgets.
Therefore, it may take some time before authorities to come up with an
appropriate financing system such as a public-private partnership
(Sheng et al., 2020).

All in all, the implementation process of EVs is not easy and takes
time. The results that we obtained in this study show that the experts are
aware of the process. In a developing country that is ready to use the
opportunity window opened by a newly introduced technology, sus-
pension of the process is not a favorable option against all the odds.
Indeed, the short-run environmental benefits of EVs can be increased
through further use of circular economy concepts such as recycling
power batteries (Chen et al., 2022). Moreover, the economic and envi-
ronmental long-run benefits are both so strong that it is worth taking the
short-run losses.

8. Conclusion

In this study, we explore the decision-making process for imple-
menting EVs in a developing country where energy is mainly produced
from fossil fuels. A scenario is developed to analyze the decision-making
process, where three alternatives are considered. The alternatives are to
focus on the timing of implementation of the EVs considering the short-
run environmental costs can exceed the benefits of EVs. The results of
the model show that even though fossil fuel use may increase in the
short-run period, the direct implementation of the new system is
prioritized. The policy implications of the results are discussed in this
study. The long-run benefit expectations are so strong that the short-run
losses can be tolerated. Moreover, the implementation process is already
challenging, and it requires a specific amount of time and financial in-
vestment. Renewable energy production should be invested but it
shouldn’t slow down the direct implementation of EVs.

Here, we consider only the timing of the implementation process of
EVs taking the probable short-run losses into account. When electricity
is produced by fossil fuels, such losses are inevitable. The policy-making
process regarding the adaptation process is a fertile research area. How
the technological acceptance pace of society can be evaluated in the
process is also an interesting dimension to be included in a model. Also,
different agent-based models can be considered in the decision-making
process (Mehdizadeh et al., 2022). Another future work would be
contributing to the strategic management literature by studying how the
innovation policy mixes can be used for the implementation of EVs
(Phirouzabadi et al., 2022). The limitations of the study are that an
expert cannot evaluate an alternative equally in terms of all criteria.
Therefore, the criteria can be grouped under the main criteria, and the
decision-making model can be run by giving weight to the experts for
these groups.
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