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Sustainable fuzzy rough multi-objective multi-route cold
transportation model with traffic flow and route constraints
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Abstract

Refrigerated transportation is a reputed worldwide preservation technique for perishables but not always a pollution free mean of
transport. Most of the countries, including India, employ environmentally unsustainable diesel-based cooling systems throughout the
entire distribution time. So, this paper proposes two sustainable multi-objective binary linear programming transportation models
for fully diesel-based refrigerated trucks and for diesel refrigerated trucks with electric plug-in. Other than the vehicles’ running time,
the models consider additional time components notably precooling time, traffic idling time, resting time that are unavoidable during
cold transit. Route constraint is also added in the models to choose the optimum route from the multiple transport routes. Traffic
flow between each route is considered as one of the objectives along with the operating expenses and distribution time and they
are taken to be triangular fuzzy rough numbers to handle real-life uncertainty. The data of sea fish is taken for case study and the put
forward models are solved using existing methods of multi-objective optimization like Fuzzy Goal Programming and Weighted Fuzzy
Goal Programming in LINGO (19.0). The results are compared to highlight the conveyance that offers better operational efficiency and

favours environmental sustainability.
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Introduction

The transportation problem is a distinct linear programming
problem that minimizes or maximizes transportation
metrics related to the distribution of products from sources
to destinations. Amidst the diverse products, perishables
such as fruits, vegetables, flowers, meat, poultry, etc., always
demand exceptional transportation due to their quick
reactivity to temperature changes. Kumar A & Agarwal S
(2023) performed a literature review on Indian agri-fresh

PG & Research Department of Mathematics, Holy Cross
College (Autonomous), Affiliated to Bharathidasan University,
Tiruchirappalli-620002, Tamil Nadu, India.

*Corresponding Author: J. Merline Vinotha, PG & Research
Department of Mathematics, Holy Cross College (Autonomous),
Affiliated to Bharathidasan University, Tiruchirappalli-620002, Tamil
Nadu, India, E-Mail: merlinevinotha@gmail.com

How to cite this article: Gladys, L.B., Vinotha, J.M. (2025).
Sustainable fuzzy rough multi-objective multi-route cold
transportation model with traffic flow and route constraints. The
Scientific Temper, 16(1):3656-3663.

Doi: 10.58414/SCIENTIFICTEMPER.2025.16.1.11
Source of support: Nil

Conflict of interest: None.

© The Scientific Temper. 2025
Received: 13/01/2025

Accepted: 25/02/2025

foods and remarked that the challenges while incorporating
perishability received a comparatively higher attention in the
supply chain. Scherhaufer S, Moates G, Hartikainen H, Waldron
K & Obersteiner G (2018) appraised the environmental effect
of food waste in Europe and emphasized the importance of
food waste prevention. Temperature sensitive items are lost
numerously in the post-production stages and so demand
for special preservation and solid waste management
technologies are increasing each day.

Cold supply chain is one among the flourishing
preservation technologies that helps in refrigerated storage
and distribution of perishables. Gupta P, Kumar P, Elarga
HHHH & Hafner A (2023) thrashed out the statistics on
Indian refrigerated transport market and elaborated certain
strategies to vanquish the difficulties in them. Arora M, Kumar
R & Raju TB (2023) identified the issues in the Indian cold
supply chain for frozen food products in which sustainability,
cold chain awareness and infrastructure, safety, quality were
found profound. The ecological consequences of various
traditional cold chain methods are analysed by Ferretti
I, Mazzoldi L & Zanoni S (2018) and portable refrigerated
units are suggested as an effective replacement to enhance
sustainability. Though fossil fuels are the most available
and reliable energy sources, environmentalists disapprove
them due to their polluting nature. An explicit comparison
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between the fuel types and a SWOT analysis is performed
by Yaqoob H, Teoh YH, Goraya T. S, Sher F, Jamil MA, Rashid
T & Yar K.A (2021) to discover the optimum sustainable fuel
and to adopt electric vehicles. Xu F, Crawford C, Feng Y, Lin
Z &LiS (2023) examined the environment-economic power
of diesel, hybrid electric and plug-in hybrid electric trucks
to stress on the importance of switching conventional
non-renewable fuel-based vehicles to electric vehicles. This
kind of environmental awareness has aroused the thirst for
lowering unsustainability which includes emission from
refrigerated transport and so Neittaanmaki P, Akimov K,
Akimova V & Tuovinen R (2024), Yakavenka V, Mallidis |,
Vlachos D, lakovou E & Eleni Z (2020) analysed sustainable
objectives to favor green transportation.

Apart from fuel types, supply chain managers are
frequently analysing other additional constraints needed for
effective movement of goods as traditional transportation
models contain only the supply and demand constraints
which is inadequate for the present era. Constraints for
product capacity by Gupta S, Ali | & Ahmed A (2020),
conveyance capacity by Haley KB (1962), budget restriction
by Giri PK, Maiti, MK & Maiti M (2015), Kundu P, Kar S & Maiti
M (2013), Majumder S, Kundu P, Kar S, & Pal T (2019), safety
factor by Baidya A, Bera UK & Maiti M (2013) etc. are already
initiated for enhancing transportation. There always exists
multiple routes between a source and destination and
they vary in distance, travel time, road condition and so on.
So, route optimization is one of the significant measures
handled by the logistics industry to meet customer’s demand
while repressing additional expense and distribution time.
Shivani and Rani. D (2024) proposed a multi-objective 4D
green solid transportation problem with multiple routes
under two different driving styles. Erkut E and Ingolfsson A
(2000) proposed models for avoiding a catastrophe while
transporting hazardous materials by accessing and finding the
best route among the available paths. Multi-route scenarios
are already discussed in transportation problem, but route
constraints are not frequently debated though they have a
greater impact on efficiency, productivity, safety, customer
experience etc. Xie Land Cao C (2021) discussed a multi-modal
and multi-route 0-1 integer programming transportation
model for hazardous materials with several route constraints.

Various types of time namely travel time, loading and
unloading time, idling time, fueling time, transfer time,
resting time etc. incur during freight transportation and
their ignorance have a significant impact on operational
cost, inventory management, delivery deadline, customer
service, environment, safety etc. Sambracos E & Ramfou |
(2013) estimated the effects of change in Freight Transport
Time (FTT) on the economic performance of manufacturing
companies. The impact of diesel vehicles idling on fuel
consumption and exhaust emission are discussed by
Rahman SA, Masjuki HH, Kalam MA, Abedin MJ, Sanjid A &

Sajjad HJEC (2013). The effect of congestion on fuel cost and
travel time cost was discussed by Errampalli M, Senathipathi
V and Thamban D (2015) with development of fuel and time
related congestion equations. Truck Stop Electrification
(TSE) or shore power for truck is already introduced in some
countries to cutdown unsustainability during transit. TSE
sites are much useful for perishables as they are more prone
to temperature changes when the truck engine is shutdown.
Numerous other solutions are suggested and practiced by
Baghestani A, Tayarani M, Allahviranloo M & Gao HO (2020)
to reduce the impact of these kind of uncertain time in
literature yet they remain unadopted in many countries.

Though there exist enough awareness on the importance
of route optimization on the multi-route transport network
with varying distribution time, no mathematical model is still
investigated in literature on this subject. Also, the efficiency of
various transit conveyances is not analysed in models as they
differ by cost, performance, environmental impact, energy
source and availability, maintenance. Traffic flow is one among
the striking factors of transport emission but is neglected in
general though its minimization enhances environmental
sustainability. Thus, this paper proposes models for traffic flow
optimization through optimal route selection and resolves
fuzzy rough cold transportation problem to negotiate the
ignorance of various time components and the advantage
of conventional vehicles with electric plug-in option which is
not yet adopted in many countries including India but could
be a remarkable choice for sustainability.

Preliminaries
Fuzzy Rough Set

Aset A =[(H™ ,u ") : (A", u +Y)]iscalledafuzzy
H H
rough set of the real line where x w“and u .Y are
H H

membership functions defined from R to [0,1] such that
]:]‘RL c I:I‘RU .

Triangular Fuzzy Rough Set
A triangular fuzzy rough set H" is interpreted as

WH™ HMY where g7t :(hL,,hz,hL3) & AW :(hUl,hz,hU3)
such that 4V, <h* <h, <h*; <hY; and its membership
functions are defined by

x—ht,

ht <x<h,
hy —h*,
L
L x—h7; L
s (X)=4——F hy <x<hvy
0 otherwise
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xohy W, <x<h, G A =(g" 1", gy~ gy 1Y)
hy —h",
e Multiplication
U 'x_hU3 h hU
Hn (x): - U 2Sx< 3 ~ ~ 9 ~9 ~ 9 =9 L)

A hy— Y GRw A% = [(G‘RL XHRL):(GRU « [JRU )]

0 therwi. ~q ~
otherwise G x gt :(ngthl,gthz,gL3th3)

Confidence interval at the o —level

The rough interval obtained by defining a—ii for the

fuzzy rough number

Y = [(hLl,hz,hL3) :(hUl,hz,hU3ﬂ where a €[0,1] is

([:Im) [hLl(a), ht, (a)J = [hLl +(hy —h" ot 'y + (hy — h%)a}

o

(I:[ﬂw) [hUl(a),hU3(a)J _ [hU] +(hy —hY Da, bt + (b —h%)a}

Ranking function for Triangular Fuzzy Rough Interval
For A" = [(hLl,hz,hL3) :(hU],hz,hU3 )J , the ranking
function is

1
()= [ (@) + h5(@) + (@) + 1 @) ) da
0

A e

Arithmetic Operations on Triangular Fuzzy Rough Interval

Let G =[(gL1ag2agL3) :(gul,gz,g%)} and
A% = [(hLl,hz,hL3) :(hUl,hz,hU3 )] be two triangular
fuzzy rough numbers.

e Addition

G¥ 4 g% :[(G\RL +I_~IERL):(G~‘RU +I_~15RU):|
G+ H = (gh +hy gy + 1y, gty +hY)
G+ A = (g% + 1Y), g, + 1y, 8"+ 1Y)
e Subtraction

GY_g% = [(Gm _FIERL):(GSRU _jgRu )J

G‘RL _[_NliRL :(gL1 _hLl,gz _hz,gL3 —hL3)

G x AU =(gU1 XhUpgz XhzagUs XhUz)

e Division

0 AMGY 7 =[(GM - ) (6N - )]
G 0 = (gt gy sy gty )

G gt Z(gU1 +hUpgz +hzagU3 +hUs)

Sustainable Multi-Objective Multi-Route Fuzzy Rough
Cold Transportation Models

Assumptions

«  Precooling is performed only at the sources of the
distribution network in both the models and its duration
varies with conveyance type.

« Traveling time, idling time due to traffic flow and resting
time are route dependent and so equal in both the
models.

+ Idling time due to traffic flow on each route affects the
idling time of all the other vehicles moving on that route
in both the models.

« In Model-A, fully diesel refrigerated truck rest only at
lay-bys while in Model-B, diesel vehicle with plug-in
rest only at TSE sites and they do not impact traffic flow.

Limitation

+  Fueling time and off-route times for resting places like
truck stop electrification site and fuel station is not
considered in both the models.

Notations & Decision Variables

C“lﬂ - fuzzy rough diesel cost per liter

@?.3 -fuzzy rough diesel cost for electric power per kilowatt

P" - fuzzy rough power needed for electric refrigeration
tp
source

®_ fuzzy rough precooling time with diesel at the ith

~e \‘R . . . . .
1y - fuzzy rough precooling time with electricity at the

ith source
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f,m -fuzzy rough resting time during transport from it source
to j*" destination via rt" route

f,?‘ - fuzzy rough idling time incurred by traffic flow in rth
route between i" source and j" destination

3‘ - fuzzy rough traveling time from it source to jt
destination via r'" route

" _ fuzzy rough emission factor for diesel
f?‘ -fuzzy rough diesel consumption per hour of travel time

- fuzzy rough diesel consumption per hour of idling
time due to traffic flow
f":‘ - fuzzy rough diesel consumption of auxiliary unit per
hour of resting time
écm - fuzzy rough emission cost

k3 - fuzzy rough traffic flow of the r route from it source
to j* destination.
&?‘ - fuzzy rough supply at the i*"source

I;‘;t - fuzzy rough demand at the jth destination

- quantity of items transported from it" source and j"
destination via r" route

- binary variable denoting the usage of r'" route between
iandj
Description & Mathematical Formulation

Transportation Model for Fully Diesel-Based Refrigerated
Truck (Model-A)

Diesel Refrigerated trucks are the commonly preferred
transportation mode used for cold transportation as they are
more durable and have sufficient fuel station infrastructure.
The following is the mathematical formulation of a fully
diesel-based reefer, which utilises an auxiliary diesel unit
when the engine is off.

J_ R
MinZ, = CY' ZZZ(f?‘;? TT e, + a5 ) vy,
=i j= r=
I J R
&Yl R L pRpR 7R,
€ zzz( t I/I ltl Ur+f (t /))yljr
=l j= r=
(1a)
-
MinZ, = ZZZI{W Vijr (2a)
=i j= r=
I J R
: SR, zdR, R
MinZy=3 > > (G + 15 i3 + 70 kv, (32)
=i j= r=

Subject to

J R
Dy <ahi=1.2,..1 (42)

j=1 r=1

/I R
DD 2bl =12 (52)

i=l r=1

R
zyljr Slvlzlﬂzaﬂl&J=1’27’J (6a)
r=1
N
yr_O Vlj,l"&x e”Z (7a)
1 i ; >0
Yi = (8a)
0 else

Transportation Model for Diesel Refrigerated Truck with Elec-
tric Plug-In (Model-B)

Innovative refrigerated transportation has a huge global
impact on distribution and supply chain, and so many
logistic providers have started to focus on cold transport
means. Though fully diesel operated trucks have many
advantages, it is clearly harmful to the environment. This
model is specially designed for refrigerated trucks with plug-
ins that perform electric refrigeration whenever needed
with the aid of plug-ins.

I J R
. ‘Ji ‘Ji ‘Ji TRIW
Mln’ Zl |:ZZ ( 1 1/1 k!;r')yﬁp }

0 ”J:[ ShY el TN (ib)
+CN Py, @+,

+
m-
—
N
I ag
™M g
Yo
;‘"‘3’1
<3
+
~
E
i
=
L

=i j= r=
MinZ, _ZZZ@W B + 0k )y, (3b)
Pl

Subject to (4a) - (8a).

(1a) and (1b) are the objective corresponding to operating
expense. First part of (1a) is the diesel consumption cost for
precooling, traveling, idling and resting time of refrigerated
truck, the second part is the emission cost for the same. The
first part and third part of (1b) is the diesel consumption cost
for traveling and idling time and its respective emission cost
while second part of (1b) is the electrification cost during
precooling and resting time. (2a) and (2b) is the overall traffic
flow measured in Passenger Car Units (PCU) along the multi-
route network which is same for both the models. (3a) and
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(3b) is the total distibution time of a completely diesel-based
refrigerated truck and diesel reefer truck with electric plug-
in. (4a) and (5a) are the supply and demand constraints while
(6a) denote the route optimization constraint.

Solution Methodology

All the fuzzy rough coefficients are made deterministic using
the ranking function and the models are solved using the
following two methods.

Fuzzy Goal Programming Approach (FGPA)

Itis one of the multi-objective optimization methods which
focuses on reducing the distance between the optimum
value and the aspiration level of each of the kobjectives. The
mathematical formulation of the fuzzy goal programming
approach, as stated by Zangiabadi M & Maleki H (2007), is

Mint

st (x)+d, +d,*

1 if Z,(x)< L,
Z -L
=1, where p, (x) = I—M if L, <Z,(x)<U,
Up =Ly
0 if Z,(x)>U,

r2d, ,k=12,..,K
d, d =0&7e€[0,]]
and (4a)—(8a)

Weighted Fuzzy Goal Programming Approach (WFGPA)
This method was introduced by Hannan EL (1981) to overcome
the disadvantages of traditional goal programming
by assigning weights to each goal with respect to its
significance or decision maker’s priority. The following is
the mathematical formulation of WFGPA.

K K
MinZwk(d,; +dk+),2wk =1
k=1 k=1

st (x)Nd,” d," 1,where py(x)

1 if Z ()<L
Zi(x)- Ly .
=12 Tk if L, <Z, (x)<U
U, -1, if Ly <Z(x) <Uy
0 if Z,(x)>U,

d,d =0 & re[0,1]

and (4a)—(8a)

Results and Discussion

Case Study
Sea fishes are available in almost all districts of Tamil Nadu
due to its enhanced transportation facilities. The sea
fish demand of district of Ariyalur, Tanjore and Trichy are
moreover satisfied by nearby districts like Nagapattinam
and Ramanathapuram. Average daily demand of seafish
in each district is found from questionaire. Multiple routes
between the sources and destination, their distance and
time are furnished from Maps (Tables 1-4). Average Traffic
flow is found from the National Highways Authority of India
(NHAI) website by analyzing the tolls on specific routes
(Table 5). The cost for the model is taken from various
secondary databases.

C]' =Rs.[92,93.6,94.5]1[91,93.6,95], C’y =Rs.[13.5,15,18.3]
[12,15,20] per kWh,

707" =11.8,2,31[1.6,241 hr, 75" = [1.8,2.4,3] [2,2.4,3.4] hr,

7% =1[09,0.1,1.51[0.81,2] hr, 75 =[1,1.2,1.51 [09,1.2,1.7] hr,
' =1159.5,160,161.5] [157,160,162] tonne,

@y = [102.75,104,105.5] [100.5,104,107.25] tonne, h" =
[47.5,52,52.5] [47,52,53] tonne,

Table 1: Distance (in km)

DESTINATION
SOURCE ROUTE 2 ’
1 131 88 151
1 2 119 95 180
3 160 101 183
1 253 196 177
2 2 243 213 196
3 236 185 215

Table 2: Fuzzy Rough traveling time (in hrs)

1 2 3
ior
1 [3.25,3.5,3.75] [2.4,2.5,2.75] [3.3,3.39,3.43]
[3,3.5/4] [2.3,2.5,2.8] [3.2,3.39,3.5]
1 2 [3.4,3.6,3.7] [2.22,2.4,2.5] [3.74,4.15,4.8]
[3.2,3.6,3.8] [2.1,2.4,2.6] [3.5,4.15,5]
3 [4.1,43,4.7] [2.79,2.85,2.9] [4.58,4.6,4.62]
[4,4.3,5] [2.7,2.85,2.92] [4.5,4.6,4.7]
1 [3.8,4.47,5.12] [2.3,3,3.62] [2.9,3.1,3.75]
[3.5,4.47,5.3] [2,3,3.7] [2.7,3.1,4]
2 9 [4.33,4.5,4.8] [2.6,3.54.5] [3.62,3.7,3.8]
[4.2,4.5,4.9] [2.1,3.54.7] [3.53.7,3.9]
3 [4.5,5,5.7] [3.2,4,4.75] [3.1,3.7,4.2]
[4,5,6] [3/4,4.8] [3,3.7,4.6]
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Table 3: Fuzzy Rough resting time (in hrs)

1 2 3
[0.3608,0.3885,0.41625] [0.2664,0.2775,0.30525] [0.3663,0.3763,0.3807]
[0.333,0.3885,0.444] [0.2553,0.2775,0.3108] [0.3552,0.3763,0.3885]
[0.3774,0.3996,0.4107] [0.2464,0.2664,0.2775] [0.4151,0.4607,0.5328]
[0.3552,0.3996,0.4218] [0.2331,0.2664,0.2886] [0.3885,0.4607,0.555]
[0.4551,0.4773,0.5217] [0.3097,0.3164,0.3219] [0.5084,0.5106,0.5128]
[0.444,0.4773,0.555] [0.2997,0.3164,0.3241] [0.4995,0.5106,0.5217]
[0.4218,0.4962,0.5683] [0.2553,0.333,0.4018] [0.3219,0.3441,0.4163]
[0.3885,0.4962,0.5883] [0.222,0.333,0.4107] [0.2997,0.3441,0.444]
[0.4806,0.4995,0.5328] [0.2886,0.3885,0.4995] [0.4018,0.4107,0.4218]
[0.4662,0.4995,0.5439] [0.2331,0.3885,0.5217] [0.3885,0.4107,0.4329]
[0.4995,0.555,0.6327] [0.3552,0.444,0.5273] [0.3441,0.4107,0.4662]
[0.444,0.555,0.666] [0.333,0.444,0.5328] [0.333,0.4107,0.5106]
Table 4: Fuzzy Rough idling time (in hrs)
1 2 3
[0.0228,0.0245,0.0263] [0.0192,0.02,0.022] [0.0165,0.017,0.0172]
[0.021,0.0245,0.028] [0.0184,0.02,0.0224] [0.016,0.017,0.0175]
[0.0204,0.0216,0.0222] [0.0111,0.012,0.0125] [0.0187,0.0208,0.024]
[0.0192,0.0216,0.0228] [0.0105,0.012,0.013] [0.0175,0.0208,0.025]
[0.0205,0.0215,0.0235] [0.01674,0.0171,0.0174] [0.0229,0.023,0.0231]
[0.02,0.0215,0.025] [0.0162,0.0171,0.0175] [0.0225,0.023,0.0235]
[0.0152,0.0179,0.02048] [0.0115,0.015,0.0181] [0.0174,0.0186,0.0225]
[0.014,0.0179,0.0212] [0.01,0.015,0.0185] [0.0162,0.0186,0.024]
[0.013,0.0135,0.0144] [0.0104,0.014,0.018] [0.0145,0.0148,0.0152]
[0.0126,0.0135,0.0147] [0.0084,0.014,0.0188] [0.014,0.0148,0.0156]
[0.0225,0.025,0.0285] [0.016,0.02,0.0238] [0.0124,0.0148,0.0168]
[0.02,0.025,0.03] [0.015,0.02,0.024] [0.012,0.0148,0.0184]

b3 =[137,139,1451[136,139,146] tonne, b3’ =[71.4,73,74.6]

[71,73,75] tonne,

Table 5: Fuzzy Rough Traffic flow (in pcu)

1 2 3
| r
1 [91,93,95] [64,65,67] [52,53,55]
[90,93,97] [63,65,68] [51,53,57]
1 2 [85,87,88] [62,63,65] [90,93,97]
[84,87,90] [61,63,66] [91,93,98]
3 [63,64,68] [61,64,66] [93,94,97]
[62,64,69] [60,64,69] [91,94,98]
1 [55,57,58] [51,52,54] [48,50,53]
[54,57,59] [49,52,56] [45,50,54]
2 2 [49,51,52] [46,47,49] [46,47,49]
[48,51,55] [44,47,50] [45,47,50]
3 [85,87,88] [91,93,94] [46,49,52]
[83,87,90] [89,93,96] [45,49,53]

P"=[34.6,36,37.71[34,36,38.5] kWh, é_?} =[2.6,2.64,2.68]
[2.53,2.64,2.7] Kg CO_/litre,

&.” = Rs. [97.4,100,103.2] [97,100,105] per Kg CO,, 1} =
[2.6,3,4.3] [2,3,5] litres/hr,

7 =1[3.74.2,4.65] [3.3,4.2,4.8] litres/hr, /¥ =[0.3,1,1.2]
[0.25,1,1.5] litres/hr.

Solutions

Fuzzy Goal Programming Approach (FGPA)

In the following Tables 6, 7 & 8, C1=Diesel cost incurred from
travel, C2=Diesel cost incurred from traffic idling, C3= Diesel
costincurred from precooling and resting, CE=Electrification
cost incurred from precooling and resting at TSE sites,
E1= Emission cost incurred from travel, E2= Emission cost
incurred from traffic idling, E3= Emission cost for precooling
and resting, P= Precooling time, R= Resting time, I=Idling
time, T= Travel time.
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Table 6: Comparison of solutions from FGPA for model-A and model-B

MODEL A MODEL B
ci 5127.960 c1 5127.960
@i 971.6287 (@) 971.6287
a 932.1353 CE 3528.907
2 El 14678.54 E1 14678.54
E2 2739.873 E2 2739.873
E3 2686.005
TOTAL 13614 TOTAL 2704691
z, 218 218
T 132151 T 132151
L 3.1656 L 3.1656
2 P 9.55 P 4.85
R 1.4669 R 1.4669
TOTAL 27.3976 TOTAL 22,6976

Table 7: Results from WFGPA for Model A for the above-mentioned

weights

Weights i ii jii

Z, C1 5335.560 5127.96 4699.643
C2 7837.937 971.6287 1328.103
a3 937.1599 932.1353 921.7688
E1 15272.78 14678.54 13452.5
E2 2655.714 2739.873 3745.086
E3 2700.483 2686.005 2656.133
TOTAL 27843.49 27136.14 26803.24

Z, 214 218 251

z, T 13.75 13.2151 12.1113
L 3.0684 3.1656 43271
P 9.55 9.55 9.55
R 1.5263 1.4669 1.3444
TOTAL 27.8948 27.2976 23.3327

Weighted Fuzzy Goal Programming Approach (WFGPA)
Varying weights for which the solution is found are
(0.05,0.9,0.05), (0.3,0.4,0.3), (0.8,0.1,0.1). Here, the traffic
flow's weightage is varied to favor sustainability.

Conclusion

The transportation sector procures and puts numerous
items from the industrial and manufacturing sectors for
sale. As route optimization is a crucial segment of perishable
item transportation, the above models are proposed.
From the two models, it is easy to note that the operating
expenses and distribution time for a refrigerated trailer with
the plug-in (Model B) is comparatively lower than the fully
diesel-based refrigerated truck (Model A). Also, it is observed

Table 8: Results from WFGPA for Model B for the above-mentioned

weights
Weights i ii iii
C1 5335.560 5127.96 4699.643
C2 941.7837 971.6287 1328.103
CE 3562.082 3528.907 3460.461
% E1 15277.78 14678.54 13452.5
E2 2655.714 2739.873 3745.086
TOTAL  27767.92 27046.91 26685.8
Z, 214 218 251
z, T 13.7501 13.2151 12.1113
L 3.0684 3.1656 4.3271
P 485 4.89 485
R 1.5263 1.4669 1.3444
TOTAL  23.19477 22.6976 22,6327

that the time taken for precooling using electric plug-ins is
lower than diesel-based precooling, which greatly impacts
the operational cost, including emission cost in model A.
The emission cost is higher for Model A than for Model B.
The result also pinpoints the effect of traffic flow on idling
time and carbon emission cost during transportation. In
both models, the overall operating expense and overall
time do not decline linearly with the traffic flow as routes
are of different distances. An increase in idling time and
emission cost is observed with an increase in traffic flow in
both models. But undoubtedly, the plug-in model (model
B) is more environmentally efficient than the conventional
diesel one (model A), which clearly intensifies the need
for shore powers and electrification. From the solutions,
WFGPA renders the best solution than FGPA. Alternative
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conveyance options and technology can be studied in
the proposed multi-route traffic flow optimization model
to add more sustainability. Anti-idling charges and traffic
congestion costs can be included as future extensions. Other
time parameters, including fueling time, off-route time,
loading and unloading time, station dwell time, etc., can
also beincluded in the model and resolved using advanced
innovation or additional constraints.
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