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Environmental concerns

Uiy o o Rise of environmental concerns and the emergence of new
business models have prompted companies to explore alternative
strategies to optimize last-mile delivery

Introduction

Environmental Impact of Last-Mile Delivery
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Electric Vehicles
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The Assumptions:

Mathematical

Medel @ All customers’ requests have to be satisfied

@ Both ODs and RVs can serve more than one customer

@ Both ODs and RVs can use petrol/diesel vehicles or electric
vehicles
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@ Maximum capacity of each RV (per vehicle) of the company:

I
Zxr/iﬁfl, Vr=1,...,R, VI=1,2
i=1

o Delay (given by the difference between the sum of the delivery
times to the customers preceding i/ and the time within which to
make the delivery to /):

Z‘SH/ Ti,, Vr=1,...,R, Yi=1,...,1, ¥I=1,2

d.>0, VYr=1,... R, Vi=1,...,1,¥I=1,2
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ODs' objective
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DANIELE @ Maximum capacity of OD k, at time t (for both types of
vehicles):

I
Y vk <Cp Vi=12

i=1
@ Availability of OD k to visit a customer with a vehicle of type /:

Vi S MB Yi=1,...,1,VI=1,2

o Delay (given by the difference between the total delivery times
and the time within which delivery to i must be made):

dk,>26k’tkj T, Vi=1,...,1,VI=1,2.
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@ Maximum time available for k, with vehicle /:

/

S i) < Th VI=1.2
i=1
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[% = I
I oAl ey ple gl J =P x>0 _ B
pitEi(x:) ’Di(pi)dri{ >l if X =0 Vr=1,...,R, VI=1,2

Ix s 1%
I al (s plegl ) =P ifys >0 _ _
pi+Cii(yii ) 'Di(pi)dki{ > PZ* if yl* = 0 Vk=1,...,K, VI=1,2
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Definition (Variational Inequality Formulation)

Given a continuous function F : K — RN, where K c RN js a given
(non empty) convex set, the finite-dimentional variational inequality
problem consists in determining a vector X* € K such that

VI formulations
N

(F(X*), X = X*) =Y F(X)(X;— X7) >0, VXeK.

i=1




VI formulations

University of
Catania

Let X* be a solution to the optimization problem:
min (X
in £(X)
where f is a continuously differentiable function and K is a closed

convex set. Then, X* is a solution to the variational inequality
VI formulations prob/em VI(F, X)

(VF(X*),X — X*) >0, VX €K,

where F(X) = Vf(X). Moreover, if f(x) is a convex function and
X* is a solution to VI(F, K), then X* is a solution to the
optimization problem.
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If K is a compact convex set, then VI(F, K) admits at least one
solution X*. Moreover, if F(X) is strictly monotone on K, that is

VI formatiors (F(Xh — F(X?), X' = X?) >0, vX', X?ecK, X*+#X?,

the solution is unique.
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Company's VI

Define:

1 2 R K
ORI]WENAT) zz]
j— — =1 1
i=1 I=1 . , i=1 Lr= .
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where X! = (X, dl) c K1 C RIR(L+1)
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A vector X* € K1 is an optimal solution to the Delivery Company
Optimization Problem if and only if is a solution to the Variational
Inequality:

Find X'* € K1 such that:

(VA(X), Xt — x1*) >0, vx!ek!?

Moreover, the variational inequality admits at least one solution.
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Suppose that, for each costumer i, for each regular vehicle r, for each
occasional driver k and for each mean of transport I, the cost
functions ¢, c., cl., P! constitute families of strictly monotone
functions w.r.t. their own variables. Moreover, suppose that, the

depot management cost function -y is additive, that is:

(X, y) =7 (x) +¥2(y)

and that «y is a strictly convex function. Then, the operator F1(X*)
is a strictly monotone function and the solution to the variational
inequality is unique.
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Define:
12 2 2
ROXE) = DD calv) =D &" = > &)
i=1 I=1 1=1 1=1
12 !
=YD &) —ak Y Vidi
i=1 I=1 i=1

where X2 = (yk,d?) € K} C R¥
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A vector X** = (X )iz1,.. .k € K2 = [[ K& S R* is an optimal

.....

k=1
solution to the optimization problems if and only if is a solution to
the variational inequality:
Find X?* € K? such that:

K 1 =l (] I% I (1%
ZZZ [acki()l’k/) I 0 (") _ acki()l/ki) —pl =N

k=1 i=1 /=1 Wi Ay, 0Yyi
K
(Vi = Yii) +ZZ[OH<V] (dii — diz) >0, VX? € K?,
k=1 =1

where 5, =1 if | = 2, §; = 0 otherwise. Moreover, such a variational
inequality admits at least one solution.
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Define:
X3 = (x,y,p) € K3 := RI(RLHKLHY)
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A vector X3* € K3 satisfies the equilibrium conditions if and only it is
a solution to the variational inequality:
Find X3* € K3 such that:

R I 2
SN e+ ) = Pl(oin)dl = pit] x O — xiF)
Z [pi + €a(vir) — PHpi" )i — pi] x (v — vid)

Zx —i—Zy )| x (ph = p*) >0, vX3e K3

Moreover, such a variational inequality admits at least one solution.
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Definition (Network Equilibrium)

An equilibrium state of the presented network is reached if the flows
between the tiers of the network coincide and the product shipments
and prices satisfy the sum of the optimality conditions.
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A vector X* = (X1*, X?* X3*) € K is an equilibrium state of the
network if and only if it is a solution to the VI given by the sum of
the previous Vls, where the feasible set is

K= {X € RI/(RLAREKLEKHL) . o1 the constraints are satisfied}.
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A vector X* = (X1*, X?* X3*) € K is an equilibrium state of the
network if and only if it is a solution to the VI given by the sum of
the previous Vls, where the feasible set is

K= {X € RI/(RLAREKLEKHL) . o1 the constraints are satisfied}.

Under the previous assumptions, the solution to the total VI is
unique.
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Figure: Numerical example D1




Numerical Simulation

University of
Catania
Patrizia

DANIELE

2 RDs with a petrol/diesel vehicle and an electric vehicle
Ty =100, C; =70, Ca = 150, C, = 90

1 occasional driver with an electric vehicle

Cr =60

4 customers

5%3 = 5%3 =0, 5{1 = ﬂiz = ﬂ{4 =1

A Numerical
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2 RDs with a petrol/diesel vehicle and an electric vehicle
Ty =100, C; =70, Ca = 150, C, = 90

1 occasional driver with an electric vehicle

C: =60

4 customers

5%3 = 5%3 =0, 5{1 = ﬂiz = ﬂ{4 =1

A\

Two Simulations

A Numerical
Simulation

S1: without occasional drivers;

S2: with occasional drivers.

A\




A Numerical Simulation

Uiy o i i i i Objective Function
S I I B

x2 | 18.84 | 8.60 | 24.52 | 17.95

X0 0 0 0

x2¢ | 2116 | 11.31 | 15.48 | 12.05

7 I

y12l-* - - - - 11,728

Table: Optimal solutions in S1

A Numerical
Simulation



A Numerical Simulation

SRR j j j j Objective Function

Catania

Patrizia Xli 0 0 0 0

DANIELE

x| 18.84 | 8.69 | 2452 | 17.95
X0 0 0 0
x2* | 2116 | 11.31 | 15.48 | 12.05
Ix
Yii - - - -
y12l-* - - - - 11,728

Table: Optimal solutions in S1

S2 | i=1|i=2|i=3 | i=4 | Objective Function

x| 0 0 0 0
x| 553 | 2.66 | 26.44 | 11.70
v x50 0 0 0
x5* | 533 | 255 | 13.56 | 5.87
T*
Yii - - - -
yZ 12914 | 1479 | 0 | 1243 12,150

Table: Optimal solutions in S2
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Figure: Comparison of optimal solutions in S1 and S2
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