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Abstract

Considering the time sensitivity and
perishability of fresh products, and the carbon
emissions of distribution vehicles in the process
distribution, the
calculating the carbon emissions of fresh

of product formula for
products is improved, and a multi-objective
mixed integer programming model with the
minimum carbon emissions and distribution costs
as the optimization objectives is established. The
main objective method and artificial bee colony
algorithm are used to solve the example, and the
simulation with MATLAB software confirms the
scientificityand validity of the model. This paper
provides important theoretical support and
practical ideas for improving the distribution
route planning model and distribution network
optimization method of fresh products.
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I. INTRODUCTION

In recent years, environmental problems such
as global warming and air pollution caused by
excessive carbon emissions have attracted
people's attention.
emissions has become a worldwide problem, and
all countries are facing severe challenges.
According to the World Meteorological
Organization's bulletin, the average global carbon

How to reduce carbon

dioxide concentration in 2016 was 403.3 parts per
million, the highest level in nearly one million
years. As China's position in the global economy
and  society
environmental problems such as the greenhouse

becomes more important,
effect caused by high carbon emissions in China
are increasingly prominent. In 2016, China's total
carbon dioxide emissions exceeded 10 billion
tons, accounting for about 30% of global
emissions. This also indicates that the increase in
total carbon dioxide emissions will become an
important factor restricting the green and rapid
development of China's economy™. Based on
this, the Chinese government has also set a goal
of achieving a 40%-50% reduction in the carbon
emissions per unit of GDP by 20201,

Vehicle Routing Problem (VRP) is one of the
logistics
optimization®], and with the gradual deepening of

important research directions of
the concept of sustainable development and the
implementation of a number of energy-saving
policies, carbon
emissions in logistics distribution operations It

and emission reduction
has also become a key issue that logistics
companies have to solvet, and many companies
will consider this factor when formulating the
distribution path. Most scholars who are currently
studying vehicle routing problems considering
carbon emissions focus on adding carbon
emission factors into the consideration of
distribution costs, and establishing a VRP model
with the lowest distribution cost, such as Liu
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Xiul! based on the cold chain of agricultural
products. Logistics has the characteristics of high
energy consumption and high carbon emission. It
uses the national carbon tax policy to convert
carbon emissions into corresponding economic
costs, and constructs a mathematical model for
the optimization of urban agricultural product
cold chain distribution path from a low-carbon
perspective; Zhang Ruyun and Liu Qing!® based
on the traditional TDVRP, a model of urban
vehicle distribution problem considering low
carbon, energy saving and cost saving is
constructed, and the minimization of low cost,
energy saving and cost saving is taken as the
optimization target to plan the vehicle path. Some
scholars have minimized carbon emissions to a
single optimization goal, such as Li Zhenping and
Yang Mengyuel” considering the vehicle's own
weight and load, vehicle travel distance, etc.
Aiming at the problem that the optimization
target has certain one-sidedness in the above
literature, this paper adds carbon emission factors
and fuzzy time windows to the traditional VRP
problem, and establishes a multi-objective VRP
model with the minimum carbon emission and
the lowest distribution cost as the optimization
target. The distribution of fresh products is the
research object, and at the same time, the efficient
algorithm is designed. The feasibility of the
model and algorithm is verified by the actual case
of a fresh milk distribution company H company.

Il. DESCRIPTION of the PROBLEM

A fresh enterprise arranges for the same car to
depart from the same distribution center, and then
delivers the customer points in turn. All customer
points are serviced once and all vehicles are
returned to the distribution center. The location
coordinates of the distribution center, the main
product parameters, the number of delivery
vehicles and vehicle parameters, as well as the
location coordinates, demand and service time
windows of each customer point are known.
Under the conditions of satisfying customer
demand, maximum load capacity and driving

distance limit, the distribution route of each
vehicle is arranged to minimize carbon emission,
lowest distribution cost and highest customer
satisfaction.

To simplify the problem, make the following
assumptions:

1) The location coordinates, demand and ideal
service time windows of each customer point are
known and remain unchanged,;

2) The distribution center is the distribution
starting point of each delivery vehicle, passing
through each customer point and finally returning
to the initial distribution center;

3) The total customer demand on the
distribution line providing delivery services for
each distribution vehicle shall not exceed the
maximum cargo capacity of the vehicle;

4) The total delivery distance of each delivery
vehicle may not exceed the maximum limit travel
distance of the vehicle, and the travel speed of
each delivery vehicle remains unchanged;

5) The starting cost of each delivery vehicle is
fixed, and the cost required for the unit driving
distance is known and unchanged;

6) The distribution center has sufficient cargo
and no shortage of goods is allowed.

111.MULTI-OBJECTIVEMIXEDINTEGERP
ROGRAMMINGMODEL

A. Symbol Description
Table |

Symbol Description

Symbol Meaning

m the set of vehicles

n the set of customer point

distance between demand points i

I and j

L maximum delivery distance of vehicle
‘ k

c, transportation cost per unit distance

c, unit price of fresh produce

\% the volume of the compartment of the
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delivery vehicle n damage to the carriage
| worker unloading efficiency s the heat load of the vehicle when the
k (kg /min) ° door is opened
T, outside temperature of the cabin (k ) the cost of cooling consumed when the
s external surface area of the carriage ©%e vehicle opens the door
" (m?) t when the vehicle arrives at customer
door degree factor of the door at the : point i
0 service demand point 5. service start time of vehicle k at
G, heat load during vehicle travel ' demand point i
. cooling costs consumed during vehicle s end time of vehicle k service for
‘ travel " customer points i
time when the vehicle departs from the penalty factor when the delivery time is
K distribution center a, later than the time period requested by
(E1.01) expected service time for demand point the customer
s i fuel carbon emission coefficient
S vehicle k is the starting time of the ) (kgco, /L)
e customer point i service f fuel consumption per kilometer
the penalty factor for the delivery time per unit time loss ratio of fresh products
a, of the delivery vehicle before the time & when loading and unloading vehicles
period requested by the customer carbon emissions from refrigeration of
time penalty cost for the car k to c,, unit weight per unit of weight during
Rl5.) serve the customer point i transportation
E vehicle carbon emissions carbon emissions from unit-weight
percentage of cargo loss per unit of c,, cargo cooling at the time of loading and
& fresh product during vehicle delivery unloading
the quality of the fresh product left in B Customer sensitivity to time, g >0
M, the vehicle when the vehicle reaches (1. vehicle k goes from demand point i to |
the demand point i Xiik L0, otherwise
k vehicle, k < [1,m]
indicates demand point when (1, vehicle k serves demand point i
i i, j = [1,n] While express distribution Yie = 4L0’ otherwise
center wheni, j = 0
delivery time from demand point i to
i demand point B. Optimization Objectives
c, fixed cost per delivery vehicle 1) Minimum Total Cost
q, demand of demand point i Let C be the total cost of vehicle distribution,
P unit cost of refrigerant c, is the fixed cost, c , is the variable cost,c is
Q maximum load of the vehicle
o thermal conductivity in the cabin | the wear cost, p (s, )is the time penalty cost;
: <W_ (k) ) c , is the cooling cost, and the lowest vehicle
T, Interlor temperature of the cabin (kz) total costC is the objective function, the
S inner surface area of the carriage (m * )

expression as follows:
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minC =C,+C,+C,+P(S,)+C, (1)

Among them, the formula for calculating the
fixed cost of formula (1) is:

CO:Z yjk'co!kzlyz ..... m (2)
j=1
The variable cost is calculated as:

= Zn: Zn: Zm: diCq Xij (3

i=0 j=1 k=1

The cost of wear includes the cost of the
vehicle when it is running and the cost of the
vehicle when it is unloaded. The formula is:

[
C, uzzylk‘a(t_t)

~
k=1 j=1 I[J

The time penalty cost p, (s, ) is calculated as:

{alq\( Slke) SIkE < ET\
P (S,)=10 ET €S, .S, 2L -
'Lazq.( e~ LT)) Sy > LT,

The cooling costc _ includes the cooling cost
c ,, of the vehicle while driving and the cooling
costc  of the vehicle when opening the door.

The calculation formula™ is:

C,=C,+C,

([1“7 RS, (T,

Zz[t+max0ET t)]-p+

1
Z " q ¥ (6)
J

(0.54V +3.22) (T =T )Y == p

1]
\ <)

2) Minimum Carbon Emissions

With the minimum carbon emission as the
objective function, the known carbon emissions
are directly proportional to the fuel consumption.

minE =E +E,

=u- ZZZXW ‘f+zzz (Q - q)[dc +tc] (7)

Among them, the formula (7) indicates the

minimum carbon emission, E, is the carbon

emission when the vehicle is transported, and E ,

is the carbon emission of the refrigeration
equipment.

C. Constraints

iZ::lqiyist,k=l,2 ..... m (8)
Zm:yikzl,izl,Z ..... n 9)
Yo -1 (10)
rn Xep =1, k=1,2,...,m (11)
Vn X =1, k=1,2,...,m (12)
zﬂ Xy =Y i =120, k=1,2,..m (13)
n Xy = Yy =010 k=1,2,..m

(14)

Zn:zdijxijkgl‘k’ k=1,2,.., m (15>

i=0 j=1
Slke+thijk quJk M(l_xuk) Sjke’ (16)
i=0 j=12 k=1,2,...m
Sikl+tijxljk M(l Xijk)ssjke’ (17)
i=0,1,..,nj=12,..,n, k=12,..m
S =S, Ty, =01 k=12 n

(18)
S,. <My, i=0,1 k=1,2,...m

(19)
s‘kezo szslke i=0,1,..,n k=12 m

(20)
Sewe =0, S, =0, k=1,2,..., m (21)

h 10, otherwise Y (22)
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(1, vehicle k serves demand point i
Y ik =

|0, otherwise ' (23)

i=0,1,....,n, k=1,..., m

Where, formula (8) indicates that the total
demand of each demand point cannot exceed the
total supply of the distribution center; formula (9)
indicates that there is one and only one vehicle for
each demand point; and equation (10) indicates
that all wvehicles are departing from the
distribution center. Equation (11) indicates that
there is one and only one vehicle for each demand
point; Equation (12) means that each vehicle
must return to the distribution center; Equation
(13) indicates that if the vehicle reaches demand
point j , it must be serviced. Equation (14)
indicates that if the vehicle k is serving the
demand pointi , the end of the delivery must
issue the next demand point fromi ; the equation
(15) indicates that the travel distance of each
vehicle cannot exceed the maximum distance of
the vehicle; (16) and (17) indicate that the last
two expressions represent the time relationship
between the delivery vehicle k and the demand
pointi and the demand point j ;and the equation
(18) represents the start and end time of the
delivery vehicle k serving the demand pointi ;
(19) indicates that if the delivery vehicle k does
not serve the demand pointi , the delivery vehicle
k does not reach the demand pointi ; the formula
(20) indicates the start and end time limit of the
delivery vehicle k serving the demand pointi ;
and the formula (21) indicates the delivery
Vehicle from Center starting time is zero time;
formula (22) and (23) for the decision variables.

IV. SOLVINGALGORITHMM

A. Main Target Method

For the multi-objective optimization model,
the multi-objective optimization problem is
usually transformed into a single-objective
optimization problem by the main target method

and the linear weighting method, and then solved.
According to the characteristics of this model,
this paper adopts the main target method, with
one of the minimum total distribution cost and the
minimum carbon emission of the vehicle as the
main target, and the other target can meet certain
constraint requirements. How to select the main
objective function mainly depends on the
strategic planning of the fresh e-commerce
enterprise. If the enterprise pursues the minimum
total cost of distribution, the minimum total cost
of distribution can be used as the main target and
the carbon emission of the vehicle can be used as
a constraint to solve the model™, and if the
carbon emission of the vehicle is the minimum
target under the low-carbon policy, the total
distribution cost is taken as a constraint. Taking
the example of the company's pursuit of the
minimum total distribution cost, the minimum
carbon emission of the vehicle is as follows:

E<E 24)

max

Among them, E __ is the maximum threshold

a

for the company's carbon emissions to vehicles.

The value of E __ can be formulated according to

a

the company's own strategic planning or policy
requirements, and must meet the relevant
requirements of carbon emissions.

B. Artificial Bee Colony Algorithm

The vehicle routing problem studied in this
paper is NP-hard problem. The traditional
solution method is complex and computationally
intensive, and it needs to be solved by heuristic
algorithm. The Artificial Bee Colony Algorithm
(ABC) was first proposed by the Turkish scholar
Karabogal*® in 2005. It is a bionic intelligent
calculation method that simulates the bee
colony's search for excellent honey sources. The
artificial bee colony algorithm has the advantages
of fewer parameters and easy adjustment, so that
the operation is simple and easy to implement in
solving the practical problem. The artificial bee

ISSN: 2348 — 8387

http://www.internationaljournalssrg.org

Page 14




SSRG International Journal of Computer Science and Engineering (SSRG - IJCSE) - Volume 6 Issue 2 - February 2019

colony algorithm is summarized into the
following steps™?!:
Step 1 The generation of the initial population.

In the population search space, N solutions

{X,,%,,....x,} are randomly generated to

construct the initial population, where N is the
number of honey sources, and the dimension of
each solution isD .

Step 2 Population update. When a honey bee
collects honey at a honey source, it searches for
the next food source near the food source, and
then chooses to retain the food source with high
profitability according to the degree of profit.
Follow the bee to observe the information about
the profitability of the honey source brought by
the bee, follow the probabilistic method to follow
the bee to the honey source, follow the bee to
select the food source to collect honey, and then
find new food near the food source. The source,
then the profitability comparison, retains the food
source with high profitability. The food source
update formula in the above two stages is as
shown in the following formula (25):

v, =X, + 5()(ii - in) (25)

1

Where: the new food source orientation is

recorded as v, , the original food source

ij

orientation is recorded as x; , and the

neighborhood food source of the randomly

selected original food source is recorded asx; .
& represents a random number and § e [-1.1].

Among  them, k,ie{1,2,3,...,N} and

je{1,2,3,..,D}.

Step 3 Honey selection. The
profitability of the food source is an important
basis for following the bee's selection. The
profitability corresponds to the probability that

the food source is selected, and the probability

source

formula is as shown in equation (26). The
probability that the food source is selected
increases as the value of the profit increases,
which means that if the value of the profit
decreases, the probability of the food source

being selected decreases. The probability
selection formula is:
fit
P==
> it (26)

i=1

The quality of the food source is recorded as

fit,, which is the value of the profit of the i

solution. The formula for fit, is:

(
|1+|f||,fI <0
fit, = ,i=1,2,..., N

. @D

|
| ,f,=o0
1+ T

f, represents the objective function in the real

vehicle path optimization problem. Calculate the
food source profitability obtained from this
iteration and the food source profitability of the
previous generation. According to the
comparison of the profitability, select a food
source with a relatively large value and retain it.
Step 4 The population is eliminated. The food
source profitability does not change after iterating
limit times (or following the bee) iteratively, then
it can be determined that the current solution
(food source) is in a local optimum. The bee (or
follow the bee) will abandon this solution and
convert it into a scouting bee to continuously
search for a new food source. The search formula

is as shown in equation (28):

le = Xmlnj+rand [0’1](Xmaxj_xm|nj) (28)
Where, x_ ., and x_, . represent the
individual maximum and the individual

minimum respectively.
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Step 5 Iterative optimization. Repeat steps 2-4
until the maximum number of iterations is
reached.

V CASEANALYSIS

A fresh milk distribution company H company
has a distribution center, which needs to serve 16
customer points every day. Assuming that the
coordinates of the distribution center are (0,0) ,
and the milk production in the distribution center
is sufficient, there will be no shortage of goods.
The yard has 10 delivery vehicles with a load
capacity of 2.5 tons and a maximum delivery
distance of 500 kilometers. They all start to
deliver milk from the distribution center at the
moment. The fixed cost of starting each delivery
vehicle is 50 yuan, the transportation cost per
kilometer is 2 yuan, the fuel consumption per 100
kilometers is 7 liters, and the cooling cost is 18
yuan per kilometer. The coordinates, demand and
expected service time window of 16 customer
points are shown in Table 2.

Table 2
Customer Information at the Demand Point

307 | 139 | 27
1
16 | -1
817
7| oss | 220 [0,90] 30
2 | 3
1.7 | -0
508
8 | 402|425 [30,180] 60
6 | 6
12 | -1
9 | 916 | 187 | 660 [0,90] 20
2 | 92
12 | -1
10 | 813|727 | 720 [0,150] 20
6 | 16
11 | -0.
105
1| 83|23 | [30,150] 40
2 | 5
-2,
25 878
12 518 [20,100] 20
491 1
26
-1
1.4 176
13 440 [30,120] 10
239 0
78
09 | 0.2
14 | 712 | 410 | 178 [0,90] 10
2 | 2
0. | 26
114
15 | 614|764 | " [30,60] 10
5 | 8
0. | 17
252
16 | 656|052 | [60,210] 15
16 | 8

Servic
Dema De Expected
e
nd X Y | ma | Service Time )
Minut
Point nd Window
es
24 | -0.
255
1 374 | 632 ; [60,90] 20
6 2
25 | -2.
196
2 165 | 291 A [30,120] 50
6 12
15 | -0.
521
3 279 | 597 . [30,90] 30
4 28
3.7 | -2
153
4 704 | 235 5 [60,90] 20
6 62
20 | -1
326
5 299 | 075 ) [90,120] 40
2 82
6 1.3 | -1. | 105 [0,120] 20

In the case of demand determination, the
lowest total cost of distribution and the lowest
carbon emission of the vehicle are the main
objectives, and other targets are transformed into
constraints to solve. In this paper, Matlab
software is used for simulation, and the artificial
bee colony algorithm is programmed to solve the
above case programming results. Among them,
the main parameters of the artificial bee colony
algorithm are: population size NP =50 , food
quantity (that is the number of bees collected)
FoodNumber = NP /2 , single maximum
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limit=20, maximum iteration number
MaxCycle = 2000 , in the CPU Inter
i5-4210M, running on a Windows system with a
frequency of 2.6G Hz. Get the distribution
decision plan, including the total cost of the plan
and the carbon emissions of the vehicle, as shown
in Table 3.

The two non-inferior solutions in Table 3
indicate that there is an inverse relationship
between the lowest total cost of distribution and
the lowest carbon emissions. For example, if the
total cost of distribution is required to be the
smallest, the distribution of vehicles will be
minimized, and the delivery time and distribution
distance will be increased, resulting in a relative
increase in carbon emissions. If the minimum
carbon emissions are required, the distribution
route will be first distributed. The demand point
causes a relatively high total cost.

Table 3
Comparison of Results Under Different Main

Targets
. Total Carbon o
Main o Distribution
Cost / | Emissions
Target Plan
yuan / kg
Path 1
0-5-10-15-14
o -13-7-0
Minimize
Path 2
Total 37760.56 | 3117.36
0-16-6-0
Cost
Path 3
0-8-2-12-9-1
1-3-1-4-0
Path 1
0-11-8-3-1-4-
12-9-0
Minimize Path 2
Carbon 0-5-6-0
o 42286.18 | 3085.307
Emission Path 3
S 0-16-15-14-0
Path 4
0-7-13-10-2-
0

By comparing and analyzing the above values,

we can see that when the minimum total cost of
distribution is the main goal, the total cost is
about 11% lower than the case with the lowest
carbon emission as the main target, and the
carbon emissions are The increase is about 1%;
on the contrary, when the minimum carbon
emission is the main goal, the total cost increases
by 12%, while the carbon emissions decrease by
about 1%. For companies, when the carbon
emissions are reduced by about 1% but the cost is
increased by 12%, it may be possible to choose a
solution that is
development, that is, to choose a lower cost

conducive to enterprise
solution. However, if the government increases
relevant considerations in terms of carbon
emissions in the future, such as the addition of a
carbon tax, companies must also take into
account the cost of carbon tax and then make
choices. In summary, the value calculated by the
model allows companies to choose the solution
that suits them according to their own strategies
and  national

development  requirements.

Therefore, the model has certain advantages.

VI CONCLUSIONSANDPROSPECTS

In this paper, combined with the high
timeliness of the fresh product distribution
process and the fragility of fresh products, the
time penalty function is set, and the distribution
of fresh products is improved by taking into
account the carbon emissions and distribution
costs incurred during the distribution process.
The calculation formula for carbon emissions. On
this basis, a multi-objective mixed integer
programming model with minimum carbon
emission and lowest distribution cost is
established. The main target method and the
artificial bee colony algorithm are used to solve
the calculations, which proves the scientificity
and effectiveness of the model. At the same time,
the main target method applied in this paper
makes the results of the comparison comparative,
which can provide fresh enterprises with strategic
choices in strategy formulation. Considering that

the current state focuses on environmental

ISSN: 2348 — 8387

http://www.internationaljournalssrg.org

Page 17




SSRG International Journal of Computer Science and Engineering (SSRG - IJCSE) - Volume 6 Issue 2 - February 2019

protection and green development, a series of
measures are being taken to reduce China's
carbon dioxide emissions. In the future, if
measures are taken against related companies,
such as the addition of a carbon tax, the
calculation of costs in this model can be enriched,
which is the part that will be considered later in
this paper. In summary, this paper enriches the
distribution model of fresh product distribution
path, which provides a new theoretical basis for
VRP, and has certain practical significance and
application value.
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