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Abstract

Objectives: To evaluate the efficiency of the multi-objective battery-swapping
electric vehicle transshipment problem by analyzing the total cost and time
involved in the entire distribution process. Methods: A multi-objective battery-
swapping electric vehicle transshipment model is formulated and a case study
on a food grain company is considered to demonstrate the pertinent nature
of this model. Due to real-life uncertainty, Fermatean fuzzy parameters are
considered in this model. Existing neutrosophic fuzzy programming and linear
weighted sum method have been used to obtain the solutions for the multi-
objective transshipment model. Findings: A comparative study has been made
for both multi-objective electric vehicle transshipment and multi-objective
electric vehicle transportation problems with battery swapping as well as
charging technology. Optimum Solutions obtained for the case study by using
these two prescribed methods reveal that the multi-objective transshipment
problem with battery swapping gives the minimum transportation cost and
time than the charging technology. Obtained solutions for multi-objective
electric vehicle transshipment problems with battery swapping show a
reduction of 7.8% in cost and 11.19% in the charging technology. Meanwhile,
obtained solutions for multi-objective electric vehicle transshipment problems
show a reduction of 14% in cost and 14.4% in time than the multi-objective
transportation problem. Novelty: The efficiency of multi-objective electric
vehicle transshipment problems with battery swapping technology under the
Fermatean fuzzy environment has not yet investigated in the literature.
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1 Introduction

In the recent competitive market of transportation business, the transshipment problem plays a significant role in logistics and
supply chain management. A transshipment problem is a special type of linear programming problem that involves moving
goods from source to destination through one or more intermediate points. Sometimes source and destination can perform
as intermediate points due to circumstantial changes, emergencies, and deficiency of goods. It was first invented by Orden
(1956). Recently, researchers have developed a transshipment problem to handle uncertainty arising from several challenges,
including limited data, and a lack of information, equipment failures, traffic conditions during the distribution process. To
handle the uncertainty, the Fuzzy set was first introduced by Zadeh (1965). Kumar, A., presented an algorithm to solve the
transshipment problem with a single objective in an intuitionistic fuzzy environment. (V) L. Sujatha discussed the single objective
fuzzy transshipment problem by using the fuzzy one-point method.® The prescribed researchers examined the transshipment
problem by converting it into a transportation problem using buffer stock to find the optimum solution for a transshipment
problem. Converting the transshipment problem into a transportation problem can lead to more complexity and take much
time to solve the problem due to more nodes and arcs being added to serve as source and destination. Raju Prajapati proposed
a heuristic algorithm based on a minimum spanning tree approach for solving a single objective transshipment problem
directly.® In the complex world, decision-makers have been focused on two or more objectives simultaneously instead of
a single objective to deal with the interconnected obstacles. AI-Sultan, A.T. created a multi-objective model for transshipment
problems based on various sizes of vehicles and routes. ) In recent years, few researchers only have discussed the transshipment
problem with multiple objectives. Extensive study is needed for multi-objective transshipment problems.

In the contemporary world, Electric mobility has been steadily increasing globally, as an aspect of preventing the greenhouse
gas emissions and oil dependency caused by vehicle transport. Electric vehicles (EVs) have substantially less or zero tailpipe
emissions and enhanced fuel efficiency when compared to internal combustion engine vehicles. When using the charging
technology for electric vehicles, users come across various challenges like energy inefficiency, limited flexibility, lack of
compatibility, and long charging times. Among these challenges, longer charging time is one of the most significant problems
that affects the usability of electric vehicles, logistics, and customer satisfaction in the entire transshipment system. Fortunately,
these issues can be addressed by battery swapping technology in which a drained battery is replaced with full charged one.
Gunalay, Yavuz proposed an innovative model and decision support approach for evaluating the urban transshipment problem
by using electric vehicles. ®» Madhanakkumar, N, et al. discussed an optimal battery-swapping mechanism for electric vehicles
to minimize the cost based on energy consumption and time. ) A complete and systematic review of the electric vehicle battery
swapping and charging station operation optimization approaches is described by Cui, Dingsong, et al. ")

To the best of our knowledge, there exists no literature taking into consideration to study the efficiency of the Multi-Objective
Electric Vehicle Transshipment Problem (MOEVTrP) with battery-swapping technology. In this paper, battery swapping
technology has been incorporated into the multi-objective electric vehicle transshipment problem to enhance the efficiency of
logistic operations by reducing cost and time based on battery swapping technology. Consequently, the transshipment problem
has been examined directly, rather than converting them into a transportation problem. Compared to the transportation
problem, this approach enhances the operational efficiency optimizes the total distribution cost, and maintains a strong
relationship with customers. The proposed model is formulated in a Fermatean fuzzy environment. Senapati and Yager
introduced the Fermatean fuzzy set and it is an extension of the Pythagorean fuzzy set where the sum of the cubes of membership
and non-membership degrees is required to be less than or equal to 1. Based on previous discussions on the transshipment
problem and recent research articles on the transshipment problem, there are no existing methodologies for addressing the
transshipment problem under the Fermatean fuzzy environment. In this paper, transportation cost, time, demand, and supply
parameters of a proposed problem have been treated as Fermatean fuzzy numbers as they are the most effective fuzzy set and
more capable of handling higher levels of uncertainty. A case study on Food Grain Company has been discussed to demonstrate
the nature of this proposed model by using two existing methods named neutrosophic programming and linear weighted sum
method. The outline of the rest of the paper is described as follows. Section 2 presented the basic knowledge of Fermatean fuzzy
number, assumption, notation, and mathematical formulation of the proposed model, deterministic model, and optimization
methods to solve the proposed model. Section 3 presented numerical examples, results, and discussions. Finally, section 4
describes conclusions and future research.
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2 Methodology
2.1 Preliminaries

Definition 2.1.1(©

Let X be a non-empty set. A Fermatean fuzzy set E¥ of X is defined as EF = {(z, izp(2), vgr(2)) : 7 € X} where
pgr(7),vr(z) + X — [0,1] are membership and non-membership functions. Additionally, the Fermatean fuzzy number
satisfies the condition 0 < (ugr(2))® + (vgr(z))® < 1. Further, for all z € Xdegree of hesitation is defined by mzx(z) =

V1= (pgr ()3 —(vge(2))3.

Definition 2.1.2(®

A triangular Fermatean fuzzy number (TFEFN) is defined by EF = {(e', e™, e™), p, q) whose membership and non-
membership functions can be described as

sty el <w<en leme"ralemell  fel<ap<em
_ . P ifx=em B . q ifr=e™m
/’[/EF (.’I}) - E:::Z'W)Zp) Zfem <zr< e’ UEF (.’l?) - % Zf em™ <zr< e’
0 ifr<eorz>er 1 ifr<elorz>e”

Here p and ¢ represents the maximum value of M F(uzr)and the minimum value of M F(vzr) respectively, such
that p € [0,1],¢q € [0,1] and 0 < p3 + ¢® < 1. Consider p = 1 and ¢ = 0. Then TFFN is in the form EF =
<(el,em,e"), (el/,em/,e”/» whose M F(j15 )and M F (v )can be represented by

(x—el) - l m mo_ . 1
Ten—eh) zf; <z i e . o ife g;; < emm
1 ifr=e ifr=e
~ ) = - V& xTr) = m .
N’EF ( ) E:rijn)f; Zf@m S T S e’ EF ( ) g:%m ’Lf e™ <zx< e’
0 ifr< elorz>er 1 ife< eorz>e”
Wheree! <el <e™ <e” <e.
Definition 2.1. 3®
Consider EF = <(el,em7e") , (el/,em/,e"/» be a triangular Fermatean fuzzy number. Then R(ET) =
’ 7
(e +demten )1<€2l +4e™+e” ) js a ranking function for triangular fermatean fuzzy number E .

Definition 2.1.4 ©

Let X be a universal set. A neutrosophic set Ein X is defined by E= {< T Tgy), 15w, FBaypsex > } where Truth
(I'z(x)), Indeterminacy (Iz(x)), Falsity membership Fz(z) functions such that T'z(x),I5(x),F'z(x) : X — [0,1]. Also
satisfied with the following condition 0 < T'(x) 4+ I5(z) + Fg(z) < 3.

Definition 2.1.5('%

Energy consumption for vehicles can be examined from various kinds of perspectives, such as well-to-wheel (WTW) and tank-
to-wheel (TTW). Most of the transportation fuel consumption uses TTW mode. In this mode, fuel which is loaded by the
freight is converted into automobile power. In this paper, we have considered energy consumption based on TWW mode.
The energy consumption of electric vehicles in logistics operations is affected by various factors, including road conditions,
frontal area, weight, speed, acceleration, and distance. Air resistance and road congestion are two factors that affect the dynamic
variation of vehicle speeds, and these factors in turn affect the amount of electricity consumed. The weight of the electric
vehicle is considered here as both empty and loaded. The energy consumption of electric vehicles can be defined as follows:
€i;="Cij (w +x”)d~f‘; +'yv2d~fj, where ¢, ; =a+gsinb, ;+gC,.cosl, ; isa constant related to road sections;and v = 0.5C; Ap
is coeflicient related to Electric vehicles.
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2.2 Mathematical Model

In a multi-objective transshipment problem, products are transported from m sources and n destinations through one or more
intermediate points. Here m sources and n destinations act as transshipment points. Different parameters and notation are used
to formulate a mathematical formulation defined as follows

2.2.1 Notations and Assumptions
The below-mentioned notations are used to construct our model

« m number of sources

« n number of destinations

o af' Fermatean availability of i*" source

K2
. bf Fermatean availability of j¢" destination
* ;; quantity of product to be transported from it"point to 5t point
. tF Fermatean transportation time from i*" point to j*" point
. dF neutrosophic distance from i*"point to j*" point

o N F number of battery swapping stations from 7" point to j*point
e f power consumption cost per Kilowatt-hour

o« usage cost of electric vehicles per hour

sy Battery swapping service time

2.2.2 Fermatean fuzzy multi-objective electric vehicle transshipment problem (MOEVTrP) with battery
swapping technology:
The mathematical model for multi-objective electric vehicle transshipment problem (MOEVTrP) is defined as follows

Zern Zm+n +ﬂ[ ” (’LU—‘rl‘ )dF +’7’U ” }y” +zm+n Zm+n SfN”yij

MinZ§=3"" Z"”” (T5 45, NE )y,

Subject to the constraints

m+n m+n ~F
E xij—g T, = afi=1,2,3,4,.
J=1 j=1

+ + o
Zm nxij—zm nxji:bf,j:m—l—l,m—l—Q,...,m—l—n

i=1 i=1

x;; 20Vi, 7 =1,2,3,....m+n

_J 0z;;=0

Yii =\ 1 z;; >0
The aim of the objective function (1) is to reduce the total costs which include the usage cost of electric vehicles, power
consumption cost of electric vehicles, and waiting cost in charging stations. The objective function (2) seeks to reduce total

travel time and waiting time at the recharge station. Constraints (3) and (4) states that availability of sources and customers
requirement.
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2.2.3 Deterministic Model

In this Fermatean multi-objective transshipment model, the parameters such as time, distance, number of swapping stations,
supply, and demand are considered triangular Fermatean fuzzy numbers to resolve the prevailing uncertainty in real-life
situations. So, this model becomes complex to solve directly. Therefore, this model is transformed into the deterministic model
by utilizing the score function as follows:

MinR(Z{) = 7" 0 ) + Blatw + 2,5 RAS) +90? RS Yy + 7" 0" s RO )y 1)

MinR(ZE) = X7 S (R(ES) + 5 ,R(VE) )y, (22)
Subject to the constraints
m+n m+n ~FN\ -

Zj:l i —Z Ty = =R(a;),i=1,2,3,4,....m (2.3)

m+n m+n TE\
E —Z =R ), j=m+1,m+2,.. ,m+n (2.4)
z;; 20V, 7 =1,23,...,m+n (2.5)

Ox..=0

2.3 Solution Procedure

To obtain the optimum solution for this above deterministic model, two methods are used in this paper as follows: (i)
Neutrosophic Fuzzy Programming and (ii) Linear weighted sum method

2.3.1 Neutrosophic fuzzy programming method

According to the neutrosophic Zimmermann’s principles, this modernistic approach has been developed to obtain optimum
solutions to multi-objective problems. ') The neutrosophic compromising programming method is based on a neutrosophic
set that consists of three membership functions (maximization of truth and indeterminacy, minimization of falsity membership
function) used in certain optimization situations.Bellman and Zadeh have presented three fuzzy set notions: fuzzy decision (D),
fuzzy goal (G), and fuzzy constraints (C). These concepts were then applied in numerous instances of decision-making under
fuzzy conditions. We know that the fuzzy decision can be defined as D = G N C. Neutrosophic decisions set D ; together with
their corresponding set of objectives and constraints, can be defined in an equivalent manner as follows:

Dy= (}ﬁl ) (Sﬂ C ) =(x,Tp(z),Ip(z), Fp(z))where T (x) :min{ jz:ii E?)” ggz Ei;: g:g: ((Sf)> } Yrex,,

1
— i Igy (2), Iga (), Igy (2) — i Faoi(2), Fga (), Fay (2)

Iplr) =min { Ier (@), I (@), T, (@) } Vo EX , Fplz) =min { Fn (@), Fen (¢), Feos (2) } vEEX,

Where T (), I p(x), F5(x) are the truth, indeterminacy, and falsity membership function of neutrosophic decision set
D . The bounds for each objective function to formulate the various membership functions for multi-objective transshipment
problems have been determined. The upper and lower bounds for each objective function are denoted by L, and U;, which
can be calculated as follows: each function is optimized as a single objective function under given constraints. After solving all
the objective functions individually, solution sets have been solved. Afterward, these solutions are substituted in each objective
function to examine the bounds for each objective as follows U,, = maz [Z,,(X*)] and L, = maz [Z,,(X*)|Vk=1,2,3...K.
Then the bounds for the neutrosophic environment are obtained as follows:

ULl =U,, L} = L, for the truth membership

UF =UF LE = LT +t,(UF — LT )for falsity membership

Ul =LF +s,(UF—LT),LL = LT for indeterminacy membership

https://www.indjst.org/ 4878
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Where t,,, s, are predetermined real numbers in (0, 1) utilizing lower and upper bound, the linear membership function
under a neutrosophic environment is defined as follows:

1 if Z(x) < LE
T— .
T (Ze(@) = § ey il LY < Zi(2) <UR,
0 if Z(x) > UL
I__ T .
I(Z.(2) = § Sboar i Lk < Zi(w) <UL,
0 if Z(x) > UL
1 if Z(x) < LY
F— .
Fo(Z(@) = S if L < Z(2) <UL,
0 if Z,(x) > UF

Where L(k'> #* U,(v') for all objective functions. If for any objective function, L =u ,(€'> then the value of membership will be
equal to 1. Then the neutrosophic optimization problem can be described below:

mazming_q 2.3, xlp(Z,(@))

minmazy,_y 33, . Fy(Zy (7))

Subject to

Equations Equations (2.3), (2.4), (2.5) and (2.6)

After that, by using auxiliary parameters, the model M, can be converted into the following problem under a neutrosophic
environment

My = maz A

mazt

minm

Subject to

Ty (Zy(x) = A

1,(Zy(z) = 0

Fy(Zy(w) >

Subject to

Equations Equations (2.3), (2.4), (2.5) and (2.6)

Using the linear membership function, the above model M, can be expressed as

My : Max(A+60—n)
Subject to

Zy(x)+ (U =LA U

Zy(x)+ (U = L)0 < Uy,

Zy(2) = (U =L < Uy,
Equations Equations (2.3), (2.4), (2.5) and (2.6)

A>O0, >0 A+0+n<3

A\One0,1],k=1,23,.K
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2.3.2 Linear weighted-sum method
In this method, a multi-objective optimization problem is converted into a single objective problem by pre-multiplying each
objective function with an assigned weight and then combining its multiple objective functions.!?) Here we have considered
W, as the weight of each objective function. The weight W is described as the preference over the objective functions. The
greatest weight is defined for the more important objective function and the lowest weight is considered for the less important
objective function. Then combine them into a single objective function Zi: L Wi Z), with Zi: | Wy, = L. The following steps
are used to obtain the solution for the deterministic multi-objective transshipment problem.

M, :Minimize Zi:l WkR(Zf(a:”))

Subject to equations Equations (2.3), (2.4), (2.5) and (2.6)

The two methods prescribed in 2.3.1 & 2.3.2 have been solved with the help of Lingo Global Solver (20.0) to find the optimum
solutions for the proposed model.

3 Result and discussion

3.1 Numerical example

The supply data of three food grain warehouses situated in Lucknow, Chandigarh, and Kolkata and demand requirements of
Srinagar, Jodhpur, Gangtok, and Siliguri in India are taken from multi-objective fixed charge transportation problem solved
by Midya S, Roy SK., for investing the proposed multi-objective transshipment problem. "> While using the ordinary vehicle
for the transportation process, the decision maker faces many challenges. Assume that, the company distributes food grains
by using electric vehicles with battery-swapping technology to overcome the disadvantages of using the ordinary vehicle. Due
to circumstantial changes, emergency situations, both source and destination act as transshipment points. Some parameters
related to electric vehicles are considered here which are taken from ! as follows: the battery swapping service time s §=0.1h;

gravitational constant g = 9.81(m/s?); The average speed of the electric vehicle is considered as 60km /h; rolling friction
coefficient C,. = 0.01; road angle (rad) 6 = 0°; window area of the vehicle A = 7.15m?; Usage cost &« = $16.1/h; charging cost
B = $0.11/kwh. The decision maker wants to minimize the logistic cost associated with energy consumption cost, usage cost,
and service time in swapping stations and minimize the duration of transportation through the given route (=1,2,3,4,5,6, 7;
j=1,2,3,4,5,6,7). Supply and demand are measured in tons. Distance in kilometers and travel in hours are considered. Distance,
time, number of swapping stations Supply and demand are assumed as triangular Fermatean fuzzy numbers and they are
mentioned in Tables 1, 2, 3 and 4. The decision maker wants to find the number of items transported from i*" point to j*"
point to satisfy the total requirement.

Table 1. Distance betweenit" point and j*" point

df,  ((775,781,790);(765,781,799)) R(df,)="781.4
dF,  ((1000,1010,1020);(990,1010,1030))  R(df3)=1010
dFf, ((1315,1328,1338);(1305,1328,1347)) R(d},)=1327.4
df, ((914,923,927);(919,923,932)) R(d¥5) =923
df,  ((1060,1065,1070);(1055,1065,1075))  R(dLs) = 1065
df, ((940,945,950); (930,945,955)) R(df;)=944.6
d¥,  ((940,945,950); (930,945,955)) R(df,)=944.6
df, ((775,781,790);(765,781,790)) R(d%;)=1781.4
dL,  ((1785,1789,1795);(1775,1789,1800))  R(dL;)=1788.9
dL,  ((560,569,578); (551,569, 587)) R(dL,) = 569
dLs  ((720,725,730);(715,725,735)) R(dy) =725
dL;  ((1840,1845,1850);(1835,1845,1855))  R(dL;) = 1845
dL,  ((1718,1724,1730);(1712,1724,1736))  R(dL,)=1724
df,  ((1000,1010,1020);(990,1010,1030))  R(d%,)=1006.6
dL,  ((1785,1789,1795);(1775,1789,1800))  R(dL,)=1788.9
dL,  ((2330,2338,2346);(2322,2338,2354))  R(d%,) = 2338
dfy ((1930,1934,1938);(1926,1934,1942))  R(d}y) = 1934
dLs  ((694,702,710);(686,702,718)) R(dLg) =702
dL,  ((574,582,590); (566,582, 598)) R(df;) = 582
dF,  ((1315,1328,1338);(1305,1328,1347)) R(dl,)=1327.4

Continued on next page
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Table 1 continued

dE, ((560,569,578); (551,569, 587)) R(d},) =569
dfy ((2330,2338,2346);(2322,2338,2354))  R(d}3) = 2338
dfy  ((1130,1137,1144);(1123,1137,1151))  R(dL;)=1137
dfy  ((2380,2383,2386);(2377,2383,2389))  R(dky) = 2383
df. ((2270,2272,2274);(2268,2272,2376))  R(dLy) = 2272
df, ((914,923,927);(919,923,932)) R(df}) =923
dE,  ((720,725,730); (715,725,735)) R(df;,) =725
dfy  ((1930,1934,1938);(1926,1934,1942))  R(dL,) = 1934
df,  ((1130,1137,1144);(1123,1137,1151))  R(df,) =1137
dfs  ((1980,1985,1990);(1975,1985,1995))  R(dLy) = 1985
dE,  ((940,945,950); (930,945,955)) R(dE,)=944.5
df, ((1060,1065,1070);(1055,1065,1075))  R(dL,) = 1065
df,  ((1840,1845,1850);(1835,1845,1855))  R(dL,) = 1845
dfs  ((694,702,710); (686,702, 718)) R(dEy) =702
df,  ((2380,2383,2386);(2377,2383,2389))  R(df,) = 2383
dfs  ((1980,1985,1990);(1975,1985,1995))  R(dLs) = 1985
df,  ((110,113,116);(107,113,119)) R(df;) =113
df,  ((110,113,116);(107,113,119)) R(dE))=944.6
df,  ((1718,1724,1730);(1712,1724,1736)) R(dL,) =1724
dfy  ((574,582,590); (566, 582,598)) R(dfy) =582
df,  ((2270,2272,2274);(2268,2272,2376))  R(dL,) = 2272
dfy  ((2270,2272,2274);(2268,2272,2376))  R(dLy)=944.5
df, ((110,113,116);(107,113,119)) R(dF;) =113
Table 2. Transportation time betweeni®" point and ;%" point

TF ((11,13,14);(10,13,16)) R(t1,) =12.9

tfy  ((15,17,19);(13,17,21)) R(tf;) =17

i ((15,17,19);(13,17,21))  R(iF,)=22.2

i ((14,15,16);(13,15,17)) R(Ef)=15

TR ((17,18,19);(16,18,20)) R(Ef,) =18

T ((15,16,18);(14,16,19)) R(if)=16.2

TE ((11,13,14);(10,13,16)) R(iL) =13

TE, ((28,30,31);(27,30,31)) R(iL,) =30

I, ((9,10,11);(8,10,13))  R(i£,) =10

T ((10,12,13);(9,12,14))  R(EL)=11.8

TE. ((30,31,32);(28,31,33))  R(iL;)=30.9

tf, ((28,29,30);(26,29,31)) R(tk,)=28.9

tf ((15,17,19);(13,17,21)) R(t¥)) =17

i, ((28,30,31);(27,30,33))  R(EL,)=29.9

IE ((37,39,40);(36,39,41)) R(ff,) =38.83

T ((29,32,33);(28,32,34))  R(EEL)=31.7

T ((11,12,13);(10,12,14))  R(EL,) =12

t£ ((8,10,11);(7,10,13)) R(t;)=9.9

TE((21,22,24);(20,22,25))  R(E))=22.2

tE, ((9,10,11);(8,10,13)) R(t35) =10.1

thy  ((37,39,40);(36,39,41)) R(tk;)=38.8

tr. ((18,19,20);(17,19,21)) R(t)5) =19

T ((39,40,41);(38,40,42)) R(EE,) =40

i ((37,38,39);(36,38,40)) R(Ef,) =138

tE ((14,15,16);(13,15,17)) R(f)) =15

iF,((10,12,13);(9,12,14))  R(Ef,) =12

Continued on next page
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Table 2 continued

tls ((29,32,33);(28,32,34)) R(tf;)=31.7
tf,  ((18,19,20);(17,19,21)) R(tf,)=19
tf. ((32,33,34);(31,33,35)) R(ify) =33
tf. ((30,31,33);(29,31,34)) R(iL,)=31.2
t& ((17,18,19);(16,18,20)) R(tf;) =18
t&5  ((30,31,32);(28,31,33)) R(tf,) =30.9
ts  ((11,12,13);(10,12,14)) R(tf;) =12
t&, ((39,40,41);(38,40,42)) R(tf,) =40
tly  ((32,33,34);(31,33,35)) R(tfs) =33
zg7 ((1,2,3);(1,2,4)) R(zg‘7)=2.08
tf ((15,16,18);(14,16,19)) R(#L))=16.2
T, ((28,29,30);(26,29,31)) R(#E,)=28.9
5 ((8,10,11);(7,10,13))  R(tF3)=9.9
tf,  ((37,38,39);(36,38,40)) R(tf,)=38
ty ((30,31,33);(29,31,34))  R(F;)=31.2
s ((1,2,3);(1,2,4)) R(tfg) =2.08

Table 3. Number of swapping stations betweeni*"

point and 5" point

((15,16,17); (14, 16, 18))

)
((19,20,21); (18,20, 22
((26,27,28);(25,27,29
((18,19,20);(17,19,21
((20,21,22);(19,21,23
((18,19,20);(17,19,21
((15,16,17);(14,16,18
((35,36,37); (34, 36,38
((11,12,13);(10,12,14
((14,15,16);(13,15,17
((36,37,38);(35,37,39
((34,35,36); (33,35, 37
((19,20,21); (18,20, 22
((35,36,37); (34, 36,38
((46,47,48); (45,47, 49
((38,39,40); (37,39,41
((13,14,15);(12,14,16
((11,12,13);(10,12,14
((26,27,28);(25,27,29
((11,12,13);(10,12,14
((46,47,48); (45,47, 49
((22,23,24);(21,22,24
((47,48,49); (46,28, 50
((45,46,47); (44,46, 48
((45,46,47); (44,46,48
((14,15,16);(13,15,17
((38,39,40); (37,39,41
((22,23,24);(21,22,24
((39,40,41); (38,40, 42
((37,38,39);(36,38,40
((20,21,22);(19,21,23
((36,37,38);(35,37,39
((13,14,15);(12,14,16

R(NE) =16
R(NT3) =20
R(NE) =27
R(NE) =19
R(NTy) =21
R(NE) =19
R(NE)=16
R(NL) =36
R(NE)=12
R(NE) =15
R(NE,) =37
R(NL) =35
R(NE) =20
R(NE,) =36
R(NE,) =47
R(NE)=39
R(NE) =14
R(NIE) =12
R(NE)=27
R(NE) =12
R(N) =47
R(NI) =22
R(NJ,) =48
R(NL) =46
R(NE)=19
R(NE) =15
R(NE) =39
R(NE) =22
R(NE,) =40
R(NE) =38
R(NE) =21
R(NE,)) =37
R(NE)=14

o
o

Continued on next page
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Table 3 continued

NE, ((47,48,49);(46,28,50)) R(NE,) =48
NE,  ((47,48,49);(46,28,50)) R(NE,) =48
NE  ((39,40,41);(38,40,42)) R(N{y) =40
NE O ((2,3,4);(1,3,5)) R(NE)=3
NE (18,19, 20) (17,19,21)) R(NL)=19
NI, ((34,35,36);(33,35,37)) R(NL,)=35
NI ((11,12,13);(10,12,14)) R(NL) =12
NE,  ((45,46,47);(44,46,48)) R(NL,) =46
NI ((37,38,39);(36,38,40)) R(NZiy) =38
NI ((2,3,4);(1,3,5)) R(NE)=3
Table 4. Supply and Demand

al" ((7,8,9);(6,8,10)) R@af)=8
af'  ((10,11,12);(9,11,13))  R(al) =11
af  ((17,18,19);(16,18,20)) R(al)=18
b ((4,5,6);(3,5,7)) R(bF)=5
by ((8,9,10);(7,9,10)) R(bL)=9
by ((11,12,13);(10,12,13)) R(bF) =12
bE  ((7,8,9);(6,8,10)) R(bE)=8

3.2 Optimal solution and comparative study

By using two methods prescribed in 2.3.1 & 2.3.2, the obtained optimum solutions of deterministic multi-objective electric
vehicle transshipment problem (MOEVTrP) with battery swapping technology using Lingo Global Solver (20.0) are presented
in Table 5. Consequently, the comparison between multi-objective electric vehicle transshipment and transportation problems
with battery swapping as well as charging technology is detailed in Table 6.

Table 5. Optimum solutions for multi-objective electric vehicle transshipment problem obtained from two methods

Model

Multi-objective electric vehicle
Transhipment problem with battery
swapping technology

Neutrosophic fuzzy programming Linear weighted sum method

T15 =207 = 2Ty = 4295 = 6,237 =
17,076 =12,R(ZT) =
$1683.76,R(Z}) = 69.4h

T15 =217 = 2,294 = 4295 =
6,237 = 17,276 = 12,R(Zf) =$1624.4,
R(ZE)=67.9h

Table 6. Comparison of multi-objective electric vehicle transshipment and transportation problems with battery swapping as well as
charging technology

Model Neutrosophic fuzzy programming Linear weighted sum method

Multi-objective electric Swapping technology Tig = 2,17 = 2,9y = 4o5 = L1 = 2,817 = 2,894 = 4Tg5 =
vehicle transhipment 6,37 = 1Ta76 = 12,R(ZF) = 6,237 = 127 = 12,R(Z}) =
problem $1683.76,R(ZL) = 69.4h $1624.4, R(Z¥) = 67.9h
Charging technology T1s = 2,17 = 2,94 = 4To5 = T15 = 2,x17 = 2,295 = 6,
6,237 = 17276 = 12R(Z]) = w37 = 1Ta76 = 12,R(ZT) =
$1819.6,R(ZL) = 76.8h $1751.99,R(Z¥) = 75.5h
Multi objective electric Swapping technology T11 = 2,214 = 2,91 = 4T = xy; = 4xi4 = 2,297 =
vehicle transportation 6,253 = 12 2034 = 1R(ZF) = 8333 = 1224, 5,R(2’1F) _
problem $2112.47,R(Z5) = 81.1h $1852.9,R(ZL) =77.7h
Charging technology T11 = 2,14 = 2,91 = 4Tos = T11 =4,T14 = 2,899 = 8Tgy =
6033 = 12234 = LR(ZF) = 6a33 = 12,254 = 5, R(Z]) =
$2472,R(ZL) =90.1h $1997.09,R(Z%") = 86.4h
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4 Conclusion

Long charging time is one of the significant disadvantages of traditional charging methods in electric vehicles as it affects
the total transportation cost and delivery time, during the distribution process. Introducing battery swapping in the electric
vehicle transshipment problem will help mitigate these impacts effectively. Due to uncertainty in the real-world scenario, the
proposed model has been formulated under a Fermatean fuzzy environment. Pareto optimum solutions have been obtained for
neutrosophic programming and the linear weighted sum method using the Lingo Software package. The results conclude that
the linear weighted sum method gave a better solution than the neutrosophic programming method. The case study has been
discussed for both multi-objective electric vehicle transshipment and transportation problems with both swapping as well as
charging technology. From the obtained solutions, there is a significant difference in the value of the objective functions between
swapping and charging technology. Obtained solutions for multi multi-objective electric vehicle transshipment problem
(MOEVTrP) with battery swapping shows a reduction of 7.8% in cost and 11.19% in the charging technology. Consequently,
obtained solutions also show that the multi-objective electric vehicle transshipment problem (MOEVTrP) shows that 14.4%
reduction in time and a 14% reduction in cost than the multi-objective transportation problem. The proposed model may be
extended by integrating essential environmental factors and social factors to enhance sustainability in the future direction.
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