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Abstract: In the recent era, the rapidly increasing trend of e-commerce business creates opportu-
nities for logistics service providers to grow globally. With this growth, the concern regarding the
implementation of sustainability in logistic networks has received attention in recent years. Thus, in
this work, we have focused on the vehicle routing problem (VRP) to deliver the products in a lesser
time horizon with driver safety concern considerations in business (B2B) e-commerce platforms. We
proposed a sustainable logistics network that captures the complexities of suppliers, retailers, and
logistics service providers. A mixed-integer nonlinear programming (MINLP) approach is applied to
formulate a model to minimize total time associated with order processing, handling, packaging,
shipping, and vehicle maintenance. Branch-and-bound algorithms in the LINGO optimization tool
and genetic algorithm (GA) are used to solve the formulated mathematical model. The computational
experiments are performed in eight different case scenarios (small-sized problem to large-sized
problem) to validate the model.

Keywords: B2B e-commerce logistics; VRP; time horizons; sustainability; exact optimization;
metaheuristic approaches

1. Introduction

There is an increasing trend of the e-commerce industry in recent years worldwide
as more people are opting for online shopping. This is because of the range of products
on the same platform, transparency of prices offered by sellers, convenience, discounts,
and cashback offers provided by the e-commerce companies. Rising internet penetration
into cities and rural areas of India further adds to the growth of e-commerce. Moreover,
in the current scenario of COVID-19, to avoid personal contact, people have relied on
online shopping, even for groceries and other basic household needs. Due to this, there is a
significant growth of logistics companies, and the expected increment in it is expected to
be USD 15.5 trillion within the forthcoming 10 years. Indian logistics companies’ raise is
expected to be about 9-10 percent in a very short period [1].

The classic vehicle routing problem (VRP) puts attention on finding the shortest route
that helps find the minimum time windows for the order delivery. Generally, the overall
cost and time have a linear relation with the traveling distance [2]. The logistics service
providers (LSPs) face new challenges like improving road safety concerns for drivers in
driving time and road overcrowding. These challenges can be tackled by introducing
some policies in favor of driver safety and road traffic. Policies may be responsible for
tackling the difficulty level during efficient vehicle routes and enhancing the transport
expenses regarding driver safety concerns [3]. Sustainability has become an essential factor
for the financial performance as well as for implementation of a sustainable supply chain
in practices in B2B e-commerce environment. Therefore, it is imperative to implement
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sustainability in practice by LSPs among the supply chain performers [4]. Moreover, there
is a distinct silence in the sustainable B2B e-commerce logistics network design with drivers’
safety concerns when trying to achieve minimum order delivery time.

This research proposes a model for a sustainable logistics network for the VRP in
B2B e-commerce. A mixed-integer nonlinear programming approach is used to formulate
the mathematical model that captures the complexities of order processing, packaging,
handling, and shipping times. It also considers the vehicle maintenance time due to
accidents, damages, and other problems that arise when vehicles are driven at high speed.

The proposed MINLP model will enable us to minimize the total time window as-
signed for order delivery. The minimum traveling time is achieved by finding the optimized
routes and increasing the vehicle’s speed under the limitation of the road traffic norms.
In this study, we assumed that if vehicles are regularly moving at the speed of more than
70 km per hour then, additional time is required for vehicle maintenance. However, there
is no maintenance time allowed for the vehicle having a speed below 70 km per hour. In
this work, we attempt to minimize the time required for vehicle maintenance, which relates
to the maintenance cost that comes under economic and social sustainability. There is a
conflicting situation in between the minimum traveling time and the time required for
vehicle maintenance. If we increase the speed of transport vehicles to achieve the minimum
traveling time, then there is a more possibility of originating some damages and hazards
during transportation. These damages are accountable for extra time as well as the cost
required for their maintenance. In this study, the following research questions are guided:

1. How to find the optimized delivery routes in a sustainable logistics network that help
minimize the total delivery time horizon of an order in an e-commerce platform?

2. How to mitigate the driver safety concern in the logistics system?

3. How to minimize the order packaging and handling times to achieve the lesser
delivery time horizon?

The rest of the paper is organized as follows: Section 2 provides the background of
this research work. The problem description, along with mathematical formulation, is
given in Section 3. The brief details of the considered solution methodologies used to solve
the proposed model are provided in Section 4. A numerical example related to the first
case scenario is given in Section 5. The computational experiments, results, and discussion,
some managerial implications are demonstrated in Section 6. Finally, in Section 7, we have
concluded the whole work and provided the limitation and future scope of this work.

2. Literature Review

H. K. Chen et al. [5] introduced the line haul-feeder VRP with virtual depots and time
horizon. T. L. Chen et al. [6] have developed an MINLP comprehensive model to get the
three decisions simultaneously; order batching, sequencing, and routing, within the least
overall delay in the consumer orders delivery. A. Subramanyam et al. [7] aimed at a strategic
decision-making problem with vehicle routing to allot the time horizons to consumers,
which are affected by uncertainty in operations. D. Prajapati et al. [8] considered a VRP and
focused on minimizing the transportation time with the time required for the maintenance
of transport vehicles with economic sustainability. J.C. Molina et al. [9] focused on time
windows in heterogeneous vehicle routing problems, which is a real extension of the
standard VRP in that the routes to be designed with sharing of common resources. A.
Mufioz-Villamizar et al. [10], studied a problem related to the e-commerce platform and
measured the important disruption factors associated with last-mile delivery operations.
The disruption causes delays, low service level, and high transportation costs during
last-mile delivery transportation. Asefi et al. [11] investigate an integrated framework
of the fleet size and mix vehicle routing problem for optimization of the cost-effective
integrated solid waste management system. Y. Su et al. [12] developed an optimization
strategy connected with an improved genetic algorithm to search valuable solutions for
stakeholders’ preference more purposefully. Yousefi Nejad Attari et al. [13] addressed joint
order batching measures of orders considering picker routing problems as a mixed-integer
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programming model by generating numerical experiments of small, medium, and large
sizes. Gu Wenjuan et al. [14] addressed the commodity constrained split delivery vehicle
routing problem in the scenarios in which customers need multiple commodities, which
ascends when customers accept being delivered separately. Sabar, Nasser R. et al. [15]
proposed an adaptive memetic approach that fits in new multi-parent crossover operators
with multi-local search algorithms in an adaptive means. Araee Elham et al. [16] described
a multi-objective model and stressed the progress of this mathematical structure in the area
of optimal allocation of hazardous waste. Ancele, Yannis et al. [17] modeled and solved
VRP with pickup and delivery with abundant attributes. The proposed model is then
solved using a CPLEX optimization solver. Babaee Tirkolaee, Erfan et al. [18] addressed a
new robust bi-objective multi-trip periodic capacitated arc routing problem with demand
uncertainty to process the urban waste collection problem.

J. Lu et al. [19] studied a novel problem: time-dependent electric VRP that consists of
routing electric vehicles in the fleet during serving the set of consumers and finding the
speed of vehicles and departure time for each route. R.F. Fachini and V.A. Armentano [20]
aimed to provide a service to the set of geographically dispersed consumers within their
time windows through the capacitated and limited heterogeneous vehicles in a fleet. M.
Keskin et al. [21] focused on electric VRP with time horizons and stochastic waiting time at
the recharging stations, an advanced version of electric VRP with time horizons. Mostly,
the vehicle routing approach neglects the necessity of refueling fleets [22].

PN.K. Phuc and N.L.P. Thao [23] focused on explaining the VRP related to E-LSPs
containing multiple pickup and delivery operations with heterogeneous fleets and time
windows. They have used ant colony optimization (ACO) for the solution purpose of the
proposed problem. D. Prajapati et al. [24] investigated an integrated sustainable vehicle
routing, transportation, and supplier selection problem related to B2B e-commerce logistics.
They have formulated an MINLP model to captures the complexities associated with the
considered problem and solved it by using metaheuristics (i.e., the simulated annealing
(SA) and invasive weed optimization (IWQO)) and branch-and-bound algorithm in LINGO
18 software package. C.Y. Cheng et al. [25] proposed a hybrid particle swarm optimization
(PSO) and ant colony optimization (ACO) algorithm for the solution of batch pickup and
picker routing problems. A. Dwivedi et al. [26] proposed a sustainable agro-food grain sup-
ply chain network design and formulated an MINLP model to capture the realistic scenario.
They have used genetic algorithm (GA), quantum-based GA, and LINGO optimization tool
to select order set and vehicle allocation. Gutierrez Andres et al. [27] addressed a VRP with
hard time windows attempted by a mixed stochastic program with recourse and chance
constraints. Wu Weitiao et al. [28] presented a multi-period location-inventory-routing
problem with time windows and fuel consumption and proposed a two-stage hybrid algo-
rithm to solve this problem. The first stage was a customized genetic algorithm, and the
second stage was a gradient descent algorithm. Tirkolaee, Erfan Babaee et al. [29] addressed
an innovative model for the multi-trip green capacitated arc routing problem to minimize
total cost. Due to NP-hardness, a hybrid genetic algorithm is developed and deployed.
Babaee Tirkolaee, Erfan et al. [30] developed a hybrid augmented ant colony optimization
algorithm based on an improved max—min ant system with a novel probability function
and a simulated annealing algorithm to solve a chance-constrained programming model.
Hamdia, Khader M. et al. [31] presented a procedure to optimize the architecture and the
feature configurations of ML models with considerations of a supervised learning process.
Goodarzian, Fariba et al. [32] proposed new heuristics to validate the model, two new
meta-heuristic algorithms, which are an improved social engineering optimization (ISEO)
and hybrid firefly and simulated annealing algorithm (HFFA-SA) have been established.
Goodarzian, Fariba et al. [33] developed a new integrated production—transportation—
ordering—inventory holding problem. The mathematical model developed is solved using
two hybrid novel meta-heuristic algorithm (h1 and h2).
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Based on the above literature, we have found that very few researchers have focused
on minimizing the overall time required for delivery with the help of the best routes for
order-vehicles assignment.

3. Problem Description

In this research work, we have considered a real-life B2B e-commerce logistics prob-
lem, which captures the sustainable VRP to minimize the total time horizon. This study
focuses on developing a sustainable logistics network design related to the vehicle routing
problem in the B2B e-commerce platform. The proposed network captures the complexities
associated with the supplier, online retailers, and logistics service providers. The main
aim is to minimize the delivery time horizon by finding the optimum vehicle routing
and economical vehicle speed with sustainability and driver safety concerns. We have
formulated an MINLP model to minimize the overall time required for the order’s de-
livery. This MINLP model consists of the time required for order processing, packaging,
handling at supplier warehouse, traveling, and handling at retailer warehouse and time
required for vehicle maintenance due to damage. For solution purposes, we have used
two approaches as exact optimization approach, i.e., the branch-and-bound algorithm in
LINGO 18 software package and metaheuristic approach, i.e., the genetic algorithm (GA)
in MATLAB.

The graph G (S, R;) is shown in Figure 1, where Sy is the set of supplier nodes,
wherek (k=1,2, ..., K) is the indexing for suppliers, R; is the set of retailer nodes, where
I(I=1,2,...,L)is the indexing of retailers, and O, is the set of orders placed by the
retailers, where n (n =1, 2, ..., N) is the indexing of the orders. Avail, is the availability of
orders at the supplier node, Dem,,; is the demand at retailer nodes, and x,; is the binary
decision variable, which helps in the selection of best possible routes with an availability
constraint. Table 1 describes the terminologies (sets, parameters, decision variables) used
in mathematical model.

Retailer 1

18

Retailer 2

Retailer 3

e

Retailer 4

Figure 1. A framework of B2B e-commerce logistics model.
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Table 1. Description of Terminology used in Mathematical Model.

Sets and Indices

Sk
R;
On

Avail,,
Dem,,;
diStkl

proc
ttruvel
hand1
ttmvel
tmaint
hand2

OUnki

roc
-

Tpa?g(aging
k
nThzmdl
maint
Tkl
ThunﬂlZ
nk
Snkl
Yuki
Xkl

Set of suppliers (k=1,2, ..., K)
Set of local distribution centers (I=1,2,...,L)
Setof orders(n=1,2,...,N)
Parameters
Availability of the order n at supplier k
Demand of order n at delivery point
Time required for maintenance
Dependent variables
Total order processing time
Total order packaging time
Total order handling time at node k
Total traveling time in between node k to node !
Total vehicle maintenance time
Total order handling time at node !
Quantity moving from supplier point to destination point.
Decision variables
Order processing time per unit order at node k
Order packaging time per unit demand at node k
Order handling time per unit demand at node k
Vehicle maintenance time when vehicle moving from node k to node I with order n
Order handling time per unit demand at node [
Optimum speed of the vehicle when vehicle moving from node k to node ! with order n
Binary decision variable, if 5,5y > 70 then 1, otherwise, 0
Binary decision variable, if order n pickup from node k and deliver at node /, then 1, otherwise, 0

OBObjective Function

Minimization {(order processing time) j + (order packaging time) y + (order handling
time)  + (order traveling time) , — | + (vehicle maintenance time) y — | + (order processing

time) 1}
Zmin = gproc 4 tpackaging + thandl + ttmvel + tmuint + thandz (1)
where,
roc
ot =Y N Y T o 2)
neNkeKIeL
kaoi ackagin
gpackaging — Y Yy B X 3)
neN keKleL
handl handl
ghamdl = 3" NN o X 4)
neN keKleL
disty
ttravel — [ Xkl (5)
n;\IkEUEZL Snkl !
int int
=N Y Y T Yk Xan 6)
neNkeKlel
hand?2 hand?2
ez =3y T 0 7)
neN keKleL
Subjected to constraints
Y Demyxuq < Availy,Vk € K,n € Njn =1 8)
leL
Zvnklxnkl :DemnI/VnEN|n:l,k€K,l €L (9)

keK
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Y xya=1VleLneNn=I (10)
kek
1, when, s, > 70
Yokl = Sk VneNkeKlel (11)
0, othewise
X0 =1{0,1},Vne N ke K,l € L (12)
]/kj]':{o,l},ViEI,jEJ,keK (13)

Equation (1) is the objective function, which computes the total time required for
shipping of order batch from node k to node I. Equations (2)—(5) are used to compute the
total order processing, packaging, handling at node k, and handling at node I, respectively.
In contrast, Equations (6) and (7) are used to compute the total traveling and maintenance
time, respectively. The constraints (8) ensure that the product’s availability at the supplier
node should be greater than or is equal to the demanded quantity. Equation (9) restricted
that the quantity moving from supplier point to destination point should be equal to the
demanded quantity. Equation (10) was restricted to pick up order only once. Equation (11)
decides the time required for maintenance. Equation (12) represents the binary decision
variable for order pickup. Equation (13) shows the binary variable for the time required for
the maintenance of vehicles.

4. Solution Methodology

The proposed work dealt with the order processing, packaging, handling and trans-
portation times, and vehicle maintenance time required if vehicles are moving with more
than 70 km per hour to achieve minimum transportation time. A mixed-integer nonlinear
programming (MINLP) model is formulated, and the considered problem is broadly classi-
fied in VRP. Mostly, this type of problem is NP-hard in nature. IBM CPLEX [34,35], and
LINGO optimization tool [26,36], were used to solve the vehicle routing problem, and the
MINLP approach was used to formulate the mathematical model. The branch-and-bound
algorithm in LINGO 18 software package and a meta-heuristic, i.e., genetic algorithm (GA),
is used for the solution purpose of the proposed formulated model.

Genetic Algorithm

The genetic algorithm (GA) is developed in 1975 based on the evolutionary theory
of survival of the fittest. The GA uses the natural biological system of reproduction and
evolution. The basic GA has operators and operations such as selection, mutation, and
crossovers. The GA was first used for the industry application in 1985 to design the
optimized communication. Since then, the GA application has been widely used for
constrained and unconstrained optimization problems.

Initially, chromosomes are created that are randomly generated solutions. The position
in the chromosome is called a gene, and the value at each position is termed an allele. Then,
these chromosomes are selected and added to the mating pool, which is termed selection.
After that, crossover and mutation are applied to the parent chromosomes to generate new
child chromosomes. The process of selection, crossover, and mutation is repeated until
it meets the termination condition. The termination condition is said to be reached if the
maximum number of generations are exhausted or the cost function values are stagnant.

Similarly, in the VRP problem, a chromosome is created, which is of a fixed size, and
each element will store the set of design variables. The value of the design variable is based
on the cost function. The cost function is the constraint under which we want to solve the
problem. Then, through the selection process, the chromosomes are added to the mating
pool, and operations like mutation and crossover are applied. The step-by-step procedure
of GA is given in Figure 2.
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!

[ Set parameters of GA ]

U

[ Create initial populations ]

!

4.[ Evaluate fitness of each individuals ]

Apply selection ]

!

Crossover / Mutation ]

U

Termination criteria reached

)

)

Figure 2. Describes the flowchart of genetic algorithm.

5. Numerical Example

LINGO 18 and GA algorithm were used on a MATLAB 2014 (a) platform on a machine
with the configuration—i5 processor (8.0 GHz), 64 bits, in Windows 10 platform—and
determined the minimum total time horizons required for delivery of orders incurred in
the B2B e-commerce logistics network.

5.1. Input Data for 1st Case Scenario

In this study, the proposed MINLP model is solved in eight different case scenarios,
and the input data for the small-sized problem, i.e., the 1st case scenario, is given in
Tables 2—4. There are two suppliers, three retailers, and three orders, and it is assumed that
one order belongs to each retailer/demand point.

Table 2. Total availability of products at the supplier points.

Availability S1 S2
1000 5000

Table 3. Demanded quantity of products from the retailer points.

Demand R1 R2 R3
10 20 10
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Table 4. Distance between the suppliers and retailers.

Dist. R1 R2 R3
S1 100 110 120
52 150 155 121
5.2. Output

In this case scenario, the total number of variables is 123, the total number of con-
straints is 19, and we found the total optimum time for the delivery of orders is 37.129 h
within 0.30 s (computational time) from the exact optimization approach in LINGO 18 soft-
ware package. However, the total optimum time for delivering orders is 42.019 h within
0.21 s (computational time) from GA, as presented in Table 4. The best possible routes for
orders pickup and delivery are shown in Figure 3.

Retailer 3

'R ey

Retailer 1

Supplier 1

Retailer 2

)y

Supplier 2

Figure 3. Optimized vehicle route for order delivery.

6. Results and Discussion
6.1. Computational Experiments

We have performed the computational experiments in eight different case scenarios
to validate the proposed model, as given in Table 5. In the last case scenario, i.e., the
large-sized problem, there are 10 suppliers, 30 retailers, and 30 orders. The total number
of variables and constraints are 20145 and 339, respectively. The total optimum time for
delivering orders is 629.380 h with 149.34 s computational time, which are also given in
Table 5.

Table 5. Computational experiments of eight instances.

Branch-and-Bound

I Number of Number of Number of Number of (in LINGO 18) Genetic Algorithm

nstances Suppliers Retailers Constraints Variables : - : -
Obj Func. Comp. Time Obj Func. Comp. Time

(hrs.) (sec.) (hrs.) (sec.)

1. 2 3 19 123 37.129 0.30 42.019 0.21

2. 3 5 32 451 63.305 2.99 72.121 2.01

3. 4 8 55 1446 191.146 84.99 228.354 64.29
4. 5 12 91 3930 264.044 1614.24 297.547 104.94
5. 6 15 127 7251 366.353 8769.44 399.024 106.57
6 6 18 151 10,374 416.122 26,231.56 432.985 131.48
7 8 25 217 15,523 - - 587.394 135.61
8 10 30 339 20,145 - - 629.380 149.34
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From Table 5, we can observe the conflicting situation in obtained values of the
objective function and computational time for both approaches. In the small case scenario,
there is a slight difference in computational time for both. However, in medium and large-
size case scenarios, LINGO takes more time to get the feasible solution than GA, clearly
portrayed in Figure 4 and numerically in Table 5. The values of the total time horizon
(i.e., the objective function) have marginal differences while obtaining these from both
approaches, i.e., branch-and-bound (B-and-B) and GA. However, the B-and-B algorithm
performs better than the genetic algorithm, which is clearly presented in Figure 5 and
numerically in Table 5. Figures 4 and 5 are the comparative plots generated by using the
first six instances. In these figures, series 2, i.e., the orange legend line, represents the data
obtained from the branch-and-bound algorithm. In contrast, series 1, i.e., the blue legend
line, represents GA’s data values. For the last two case scenarios, the results are achieved
by GA only because the exact optimization approach in LINGO 18 software package takes
large computation time.

I #—branch-and-bound algorithm  —e—GA
IR L

B

25,000

20,000

15,000 s

Computational time in seconds

0 1 2 3 4 S 6

-4

Instances

Figure 4. Comparative plots in between computational time and number of instances.

500 —@—branch-and-bound Algorithim  —e—GA

Total time horizon in seconds

=
[ury
Pa
(=]

4 5 6

Instances

Figure 5. Comparative plots in between total time horizon and number of instances.

6.2. Discussion

In today’s competitive situation, logistics has been positioned at the center of focus by
company managers. In this regard, transportation is the most visible aspect of the supply
chain that occupies a significant proportion of the logistics costs. As a result, companies try
to create competitive merits by firming their transport section. The reduction of vehicle
emissions is a key concern for many companies. They try to take approaches for decreasing
their carbon footprint and therefore improving their green credentials. This research thus
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proposes a sustainable logistics network that captures the complexities associated with
suppliers, retailers, and logistics service providers.

In this study, we considered a real-life B2B e-commerce logistics problem, which
captures the sustainable VRP to minimize the total time horizon. The proposed network
captures the complexities associated with the supplier, online retailers, and logistics service
providers. The main aim is to minimize the delivery time horizon by finding the optimum
vehicle routing and economical vehicle speed with sustainability and driver safety concerns.
A mixed-integer nonlinear programming approach is applied to formulate a model to
minimize total time associated with order processing, handling, packaging, shipping,
and vehicle maintenance. The branch-and-bound algorithm in the LINGO optimization
tool and genetic algorithm are used to solve the formulated mathematical model. The
computational experiments are performed in 8 different case scenarios to validate the
model. The branch-and-bound algorithm in LINGO 18 gave better results, but took more
computational time than the genetic algorithm.

This research suggestively aids managers in selecting a solution that accounts for
reducing total time horizons and considers driver safety concerns regarding the social-
friendly aspects. Consequently, based on computational analyses presented in this work,
we conclude that operational decisions can be significantly effective in reducing the total
time horizon and improving the level of green ratio considering drivers’ safety concerns.

7. Conclusions

The rapid growth in the e-commerce market led to better and faster deliveries and
a few challenges to overcome. Two of the major problems identified are sustainability
concerns and safety factors. There is growing attention on sustainability in all sectors,
and in e-commerce, it is even more. Thus, in this work, we have focused on the vehicle
routing problem to deliver the products in a lesser time horizon with sustainability and
driver safety considerations in the B2B e-commerce platform. In this study, we have
developed a sustainable logistics network for B2B e-commerce. A mixed-integer nonlinear
programming (MINLP) model is proposed to minimize the total time horizons, consisting
of the order processing, packaging, handling, shipping times, and the time required for
vehicle maintenance.

We have tested the proposed model in eight different case scenarios, which are demon-
strated in the computational experiment. The optimized routes for orders pickup and
delivery are found for all case scenarios, as shown in Figure 2 (first case scenario). The
comparative results are provided in the computational experiments section. The obtained
values of the objective function with the branch-and-bound algorithm in the LINGO
18 software package are slightly better than the genetic algorithm. However, the B-and-B
algorithm takes more time to get feasible solutions than GA.

In this study, we have created a simulated data for making different case scenarios
and to validate the proposed MINLP model. The limitation lies in the used data sets that
allow only the theoretical overview of the findings. Accordingly, future researchers can
shape the precise implications by testing the proposed sustainable logistics network related
to the B2B e-commerce platform with research using real-life data sets. This study can be
further extended by adding another objective function and bi-objective or multi-objective
optimization that captures the overall cost associated with the logistics network in the B2B
e-commerce platform.
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