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-e carbon footprint of the cold chain logistics system refers to the greenhouse gas emissions directly or indirectly caused in each
link of the cold chain logistics activities. Because cold chain logistics is the main carbon emitter in the field of logistics, research on
how to reduce carbon emissions in the field of cold chain logistics plays an important role in energy conservation and emission
reduction. Based on the in-depth analysis of the carbon footprint of cold chain logistics, this paper introduces the distance
coefficient and freshness parameters into the optimization model innovatively and uses the life cycle assessment method and
input-output method to determine the calculation range of the carbon footprint of fresh products of each link in the cold chain
logistics. -e system calculates the carbon emissions generated by the production and operation activities of each place of origin,
distribution center, retailer, and waste disposal during the circulation of fresh products. -is paper establishes a carbon footprint
optimization model to discuss how to balance carbon constraints and minimized costs. -rough the analysis of the simulation
results, from the perspective of the government and enterprises, corresponding countermeasures are put forward to more
effectively achieve the goal of energy conservation and emission reduction and guide the cold chain logistics industry to
sustainable development.

1. Introduction

-e vigorous development of online sales is slowly changing
people’s habit of buying fresh food: from offline traditional
markets to large-scale fresh food supermarkets or online
stores specializing in fresh food, which led to the larger
demand for cold chain logistics in society. -e total scale of
China’s cold chain logistics market in 2019 is expected to
reach 339.12 billion yuan, an increase of 50.52 billion yuan
over 2018 and an increase of 17.60% year-on-year. On the
other hand, as one of the important factors affecting the
global climate, carbon emissions have always been a green
indicator of concern. In the cold chain transportation in-
dustry, if we consider carbon emissions, minimizing overall
costs becomes a question worth discussing. Taking the
particularity of the timeliness requirements of fresh products
during transportation into account, many relevant experts at

home and abroad have conducted research on the carbon
footprint emissions of cold chain logistics in order to meet
the market demand while using low-carbon cold chain lo-
gistics operation as much as possible.

Recently, as for the cold chain logistics industry, the
limitation of carbon emissions is closely related to the
development of the industry. Under the existing technical
conditions, fossil fuels cannot be completely replaced with
clean energy during transportation. It is very important to
explore the key factors that affect carbon emissions during
transportation. -is paper established a carbon footprint
optimization model to discuss the relationship between the
speed of refrigerated truck, the expectation rate of fresh-
ness, the distance coefficient, and carbon emission. By
studying the relationship between these key variables and
the carbon footprint and total cost, we hope to find ways to
control carbon emissions, reduce the total cost of
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enterprises, and benefit the development of the cold chain
logistics industry.

2. Literature Review

With the increase of people’s awareness of environmental
protection and increasingly serious environmental prob-
lems, the value of the reverse supply chain becomes more
and more important [1]. In terms of the development status
of cold chain logistics, Chen and Huang investigated the
development of cold chain logistics business of 111 fresh
agricultural product e-commerce websites and conducted
research on the related content of cold chain logistics ser-
vices. In the end, they put forward countermeasures in terms
of policy and equipment technology [2]. From the per-
spective of literature review, Wang et al. compared relevant
researches on carbon footprint and carbon emission factors
at home and abroad under different research methods. -ey
summarized the current research status at home and abroad
and looked forward to the future research direction [3].
Tseng et al. used ant colony optimization algorithm to es-
tablish a path optimization model of cold chain logistics
considering carbon emission cost.-ey have proved that this
model can reduce the total cost and carbon emissions of
logistics enterprises. [4]. Ke started from the needs of
ecological development, studied and analyzed the status quo
and problems of cold chain logistics of agricultural products,
and proposed ideas for optimization problems [5]. Hu et al.
considered the combined strategy of repurchase and subsidy
at the same time to achieve the dual goals of emission re-
duction and economic benefits [6]. Lo-Iacono-Ferreira et al.
took the cold chain logistics of fruits and vegetables in Spain
as an example, analyzed in detail the differences in carbon
emissions produced by different links in the whole process of
cold chain logistics, and conducted sensitivity analysis on
transportation distances [7]. Kim et al. explored the rela-
tionship between carbon emissions in multimodal transport
and those in trucks only and developed decision support
tools to simplify the freight network [8]. Qin et al. built a
carbon trading mechanism model based on cyclic evolu-
tionary genetic algorithm to calculate the cost of carbon
emissions. -ey also studied the sensitivity of carbon prices
to carbon emissions and customer satisfaction [9].

In order to solve the multiobjective problem, Wang et al.
established a double objective mathematical model of cold
chain logistics network based on economic, social, and
environmental benefits and proposed a multiobjective
hyperheuristic optimization framework including four se-
lection strategies and four acceptance criteria [10]. Beretta
et al. focused on the conflict between fresh food con-
sumption and energy consumption. -ey used life cycle
method and modern simulation technology to propose a
model to find the optimal balance point [11]. Bortolini and
Marco studied the comprehensive optimization of cost,
delivery time, and carbon footprint emissions as the goal.
-ey used the cold chain distribution data of fresh food
retailers in Europe as an example from Italy to develop a
multidimensional network model of fresh food supply chain
[12]. Tian et al. built a newsboy model based on carbon

footprint related theories for carbon restriction and trading
mechanisms. -ey studied and analyzed the impact of
carbon restrictions on economic activities and the volume of
newsboy orders in the traditional newsboy model [13].

In the field of transportation, Liu et al. studied the impact
of price levels on urban public transportation and provided a
basis for decision-making in the market pricing of bus
companies by constructing a personalized pricing model
[14]. Hu et al. investigated the trade-off between energy
consumption and food loss after the expansion of cold chain
logistics from the perspective of carbon emissions and
constructed a nonlinear optimization framework to deter-
mine the best balance point under constant final demand
[15]. Moncer et al. studied how to reduce comprehensive
costs including carbon tax and operation for bulk trans-
portation through classical inventory model accounting and
effective integration of scattered goods [16]. Yao and Zhang
combined the characteristics of the latest Internet of -ings
technology and used Matlab to solve the model to calculate
the path optimization method with the smallest total cost,
which provides an effective tool for enterprise logistics and
distribution decision-making [17]. In the field of supply
chain risk, Liu and Xu et al. studied the impact of risk at-
titudes on dual-channel supply chain systems [18]. Liu et al.
used dual theory and variational inequality to prove that
increasing the proportion of environmental protection
target weight can improve the environmental performance
and economic benefit of enterprises.-ey solved the optimal
solution of the double objective function constructed by
carbon emission and enterprise profit [19]. Wei et al.
constructed a differential game model based on carbon
trading. By using this model, it is possible to carry out re-
search on energy conservation and emission reduction in the
supply chain and propose corresponding optimal develop-
ment strategies [20]. Efthymiou. et al. established a multi-
objective decision-making model, established a
multiobjective function, which combines cost and carbon
emissions, and verified that cost reduction and carbon
emission reduction can meet the requirements at the same
time [21]. Battini et al. studied the sensitivity analysis of the
change of carbon price of the model based on the cost and
carbon emission multiobjective function. -ey put forward
the conclusion that low-carbon prices cannot stimulate
sustainable purchasing behavior [22]. In the field of path
planning, Liu et al. built an integer programming model to
study the route optimization problem of cold chain trans-
portation of fresh products and compared the advantages
and disadvantages of genetic algorithms and hybrid algo-
rithms [23].

-erefore, based on previous studies, existing studies
have explored the relationship between carbon footprint and
economic activities for carbon footprint or carbon restric-
tion and trading mechanisms. Scholars have done detailed
research in the fields of defining the carbon footprint ac-
counting boundary of cold chain logistics and the rela-
tionship between carbon footprint and cost and delivery
time. -e above researches focused on the calculation of the
carbon footprint of specific foods or the optimization of cold
chain logistics paths and profit distribution under the
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conditions of carbon footprint. However, the system con-
struction of the carbon footprint optimization model of cold
chain logistics was rarely involved. -ey also did not explore
how the cold chain logistics carbon footprint will be affected
if there is a requirement of freshness in the system’s terminal
marker. -erefore, based on previous studies, this paper
focuses on exploring the role of freshness in the carbon
footprint model of cold chain logistics and the relationship
between it and the cost and carbon footprint.

3. Problem Description and Model Hypothesis

Since fresh products have strict requirements on temper-
ature, humidity, and delivery timeliness, it will inevitably
consume more energy and generate a lot of carbon
emissions during transportation. -erefore, cold chain
logistics has become a major carbon emitter in the logistics
industry. -e focus problem of the logistics industry is how
to reduce the carbon emissions of fresh products in cold
chain logistics. -is paper not only adds a multimodal
transportation scenario that combines rail and road
transport on the basis of the traditional cold chain logistics
carbon footprint system but also considers freshness pa-
rameter as an important factor affecting sales results and
establishes a carbon footprint model of cold chain logistics
with the goal of optimal overall cost. Because the cold chain
transportation industry has stringent requirements for the
freshness of fresh products. -e freshness of fresh products
when it reaches the end retail market is directly related to
the carbon footprint of the whole transportation system. In
order to calculate the carbon footprint more accurately, the
freshness parameter must be considered. -e paper adopts
the classic three-level network of origin-distribution cen-
ter-retailer as the main research object and calculates the
cost and carbon emissions of each link to find the optimal
solution.

According to the analysis based on the life cycle as-
sessment method, for the specific product of fresh food, the
carbon footprints of origin, transshipment, distribution
centers, retailers, and waste disposal are all included in the
carbon footprint of the cold chain logistics system con-
structed in this paper. -e detailed links of the supply chain
are shown in Figure 1.

In order to facilitate calculation and simplify the model,
the following assumptions are made for the overall model:

(1) -e information of fresh products on the place of
origin, distribution center, and retailers is easily
accessible, and the demand of retail market for fresh
products is clear.

(2) -e distance data between the transportation nodes
in the model is clear.

(3) -e entire transportation process of fresh products
adopts cold chain transportation and the temper-
ature of it is constant. It is assumed that when the
transportation speed is constant, the carbon foot-
print and freshness parameter are only related to
time, without considering influences of other
factors.

(4) -e delivery volume should ensure that there is no
shortage of fresh products in the retail market to
meet customers’ needs.

(5) -e objective function of the model considers both
the total economic cost and the carbon footprint
cost.

4. Carbon Footprint Optimization Model of
Fresh Products of Cold Chain Logistics

4.1. Definition of Variables and Parameters Settings.
According to the life cycle assessment method, the carbon
footprint calculation boundary of fresh products of cold
chain logistics is defined. -e supply chain of fresh products
is roughly divided into four links: the place of origin, the
distribution center, the retailer, and the waste disposal. -e
carbon footprint is subdivided into these four links for
accounting. -e objective function is divided into two parts:
the economic cost of the fresh products’ supply chain and
the environmental cost of the fresh products’ supply chain.
-e weighted average method is used to put two parts in the
same measurement standard system. Based on the above
principles, an optimized system model is established to
discuss how to minimize economic costs under the con-
straints of carbon footprint. -e definitions of variables and
parameters used in the model are shown in Table 1.

4.2. Constraints. When the distribution center j is in op-
eration, the fresh products are transported from the place of
origin i to the distribution center j; then

Xij ≤Zj, ∀i ∈ I, j ∈ J. (1)

Fresh products can be shipped from different places of
origin to different distribution centers, so multiple trans-
portation models can be built:


i

Xij ≥Zj, ∀j ∈ J. (2)

When distribution center j is in operation and retailer k
has market demand,

Xjk ≤Zj, ∀j ∈ J, k ∈ K. (3)

Fresh products are delivered from different distribution
centers to place k:


j

Xjk ≥ 1, ∀k ∈ K. (4)

-e turnover between the place of origin, distribution
center, and retailer should be within their respective
capabilities:

Q
min
ij Xij ≤Qij ≤Q

max
ij Xij, ct Qij ∈ N,∀i ∈ I, j ∈ J,

Q
min
jk Xjk ≤mjkLC≤Q

max
jk Xjk, ∀j ∈ J, k ∈ K.

(5)

For the value of Zd decision variable, Zd is 0-1 variable,
dij ≥ β, thenZd � 0, dij ≤ β, thenZd � 1:
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Figure 1: -e main carbon footprint links of fresh product A in cold chain logistics.

Table 1: Parameters’ settings and interpretation.

Variables and
parameters Interpretation of variables and parameters

I � 1, . . . . . . , i{ } I is a subset of place of origin i

J � 1, . . . . . . , j  J is a subset of distribution center j

K � 1, . . . . . . , k{ } K is a subset of retailer k

Pi -e output of place of origin i, kg
C1 -e unit production cost of fresh products at place of origin i, yuan/kg
Dj -e cargo handling capacity of distribution center j, kg
C2 -e unit cost of products handled by the distribution center, yuan/kg
C3 Fixed cost of the distribution center,yuan 
Qij Distribution volume from place of origin to distribution center, kg
Qjk Distribution volume from distribution center to retailer, kg
Rk Demand of retailer market, kg
CG

ij
-e unit freight for road transportation from the place of origin to the distribution center, yuan/kg

CT
ij -e unit freight for railway transportation from the place of origin to the distribution center, yuan/kg

β -e distance coefficient from the place of origin to the distribution center. -e value of β can be 400, 500, or 600,
which indicates the distance

C4 -e unit freight from distribution center to retailer, yuan/kg
dij Transportation distance from the place of origin to distribution center, km
djk Transportation distance from distribution center to retailer, km
Cf Fixed cost of refrigerated truck, yuan/vehicle
mjk -e number of refrigerated trucks required for the transportation from the distribution center to the retailer
tjk -e transportation time from the distribution center to the retailer, h

V Speed of refrigerated truck, km/h
LC Actual load capacity of refrigerated truck, kg
C5 -e unit disposal cost of the retailer for dealing with spoiled fresh products, yuan/kg
Ts -e carbon footprint of fresh products during the production process, kgCO2

Tg

-e carbon footprint of each unit of products during the road transportation from the place of production to the
distribution center, kgCO2

Tt

-e carbon footprint of each unit of products during the railway transportation from the place of production to
the distribution center,kgCO2

Tp -e carbon footprint of unit product processing in the distribution center, kgCO2
Tv -e carbon footprint of unit product of a refrigerated truck at a speed of m km/h, kgCO2
Cco2

-e tax rate of the supply chain of fresh products’ carbon footprint, yuan/kg
λ Freshness parameter of fresh products over time, %
θ -e corrosion rate of fresh products over time, %
W -e hourly wage of refrigerated truck driver,yuan 
[Ek, Lk] -e time window of retailer k

RTk -e moment when the vehicle arrives at retailer k

C6 -e cost per unit time, yuan/h
δ Penalty cost coefficient for late receipt
ε Waiting cost coefficient for early arrival
Zd (decision variables) -e 0-1 decision variable determined by β, dij ≥ β, Zd � 0, dij < β, Zd � 1
Xij (decision variables) Contact status of the place of origin and distribution center
Xjk (decision variables) Contact status of the distribution center and the retailer
Zj (decision variables) -e status of the distribution center; when in operation, Xij, Xjk, and Zj are 1; otherwise, Xij, Xjk, and Zj are 0
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dij − β
Zd − 0.5

≤ 0. (6)

If the output of the place of origin i is equal to the
shipping volume, the inventory of the place of origin is 0:

P
min
i ≤Pi ≤P

max
i , Pi ∈ N,∀i ∈ I,

Pi � 
j

Qij, ∀j ∈ J.
(7)

For the distribution center, not only is the inventory less
than or equal to the amount of products shipped from the
place of origin and not higher than its own inventory level
but also it meets the inventory demand:

D
min
j ≤Dj ≤D

max
j , D ∈ N, ∀j ∈ J,

Dj � 
j

Qij, ∀i ∈ I,


k

mjkLC≤DjZj, ∀j ∈ J.

(8)

According to the Arrhenius formula, the corrosion rate
equation is

θ � He
−Ea/RT( ). (9)

When the temperature does not change, Ea is a constant,
and θ is also a constant. It can be obtained from the research
of Jiang and Yang [24] that the freshness function λ is

λ � e
−θtjk , θ ∈ N, tjk ∈ N, ∀j ∈ J, k ∈ K. (10)

Because fresh products are inevitably corroded during
the circulation process, in order to meet the market demand,
the supply volume should exceed the market demand:


j

mjkLCλ≥Rk, ∀k ∈ K.
(11)

If a refrigerated truck keeps driving at a constant speed
during transportation, there is a functional relationship
between its speed and carbon emissions:

Tv � a
djk

V
 

2

+ bV + c, ∀j ∈ J, k ∈ K. (12)

In the formula, a, b, and c are constants, and other
constraints are

Qij ≥ 0, ∀i ∈ I, j ∈ J; mjk ≥ 0,且mjk ∈ N,∀j ∈ J, k ∈ K.

(13)

Assuming that the starting time point of the vehicle from
the distribution center is 0, there is

RTk �
djk

V
, ∀j ∈ J, k ∈ K. (14)

4.3. Establishment of the Carbon Footprint Model. When
constructing an ideal cold chain logistics system, the total
cost and carbon footprint cannot be considered separately.
Instead, the total economic cost of the system and the carbon
footprint should be organically combined, and the original
multiobjective function should be transformed into a single-
objective function to find the optimal solution to the
problem. -e key to this transformation is to use the carbon
tax price Cco2

as a decision variable and integrate the total
economic cost of the cold chain logistics system and the cost
of carbon emissions. -e carbon footprint of the entire life
cycle of fresh products, such as production, transshipment,
distribution, and disposal, is converted into social envi-
ronmental costs to establish a unifiedmeasurement standard
system. Based on this consideration, the established carbon
footprint model is
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min F � 
i∈I

C1Pi + 
j∈J

C3Zj + 
j∈J

C2Dj + 
j,k

Cfmjk + 
i,j

ZdQijC
G
ij + 1 − Zd( QijC

T
ij  + 

j,k

mjkC4djk

+ 
i∈I

TsPi + 
j∈J

TpDj + 
i,j

ZddijQijTg + 1 − Zd( dijQijTt  + 
j,k

djkTvmjk +  CwqeI
⎡⎢⎢⎢⎣ ⎤⎥⎥⎥⎦Cco2

+ 
j,k

tjkmjkW + 
k

C5mjkLC(1 − λ)  + C6 
k

δ max 0, RTk − Lk( (  + 
k

ε max 0, Ek − RTk( ( ⎛⎝ ⎞⎠

s.t.

Xij ≤Zj, ∀i ∈ I, j ∈ J;


i

Xij ≥Zj, ∀j ∈ J;

Xjk ≤Zj, ∀j ∈ J, k ∈ K;


j

Xjk ≥ 1, ∀k ∈ K;

Q
min
ij Xij ≤Qij ≤Q

max
ij Xij, Qij ∈ N,∀i ∈ I, j ∈ J;

Q
min
jk Xjk ≤mjkLC≤Q

max
jk Xjk, ∀j ∈ J, k ∈ K;

dij − β
Zd − 0.5

≤ 0;

P
min
i ≤Pi ≤P

max
i , Pi ∈ N, ∀i ∈ I;

Pi � 
j

Qij, ∀j ∈ J;

D
min
j ≤Dj ≤D

max
j , Dj ∈ N,∀j ∈ J;

Dj � 
i

Qij, ∀i ∈ I;


k

mjkLC≤DjZj, ∀j ∈ J;


j

mjkLCλ≥Rk, ∀k ∈ K;

Qij ≥ 0, ∀i ∈ I, j ∈ J;

mjk ≥ 0,且mjk ∈ N,∀j ∈ J, k ∈ K.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(15)
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5. Simulation and Result Analysis

5.1. Simulation Problem Description. Fresh product A is a
kind of food that has a wide range of needs, which must be
transported in refrigeration during distribution. -e fresh
product is sensitive to the freshness level, and the waste
disposal cost is high. Fresh product A has a complete
omnichannel logistics network which includes 4 parts:
production, transport, processing, and distribution, in the B
city group, which can effectively reflect the cold chain lo-
gistics model of fresh product A. -e cold chain logistics
system of fresh product A is assumed to be composed of 3
places of origin, 3 distribution centers, and 4 retailers. -e
parameter data are shown in Tables 2–4.

According to the basic requirements of the model
mentioned above, it is assumed that the production,
distribution, demand, and other data of 3 places of origin,
3 distribution centers, and 4 retailers are clear and easy to
obtain, as shown in Tables 2–4. -e relevant data such as
the transportation volume, freight, and distance from the
place of origin to the distribution center and that from the
distribution center to the retailer are shown in Tables 5 to
7. -e values of the distance from the origin to the dis-
tribution center and that from the distribution center to
the retailer are based on the actual situation. Generally
speaking, in order to deliver fresh products to the terminal
retail market faster, the location of the distribution center
will consider the distance as close as possible from
retailers.

According to the “China Carbon Tax Framework Design
Report,” the carbon tax rate in 2020 is 40 yuan/t, which
means that the carbon footprint cost Cco2

is 0.04 yuan/kg.
-e refrigerated vehicle weight is assumed to be 4t, that is,
LC� 4 t/vehicle, and the fixed cost of each refrigerated ve-
hicle is 4000 yuan. Due to the constant temperature of re-
frigerated trucks in cold chain distribution, the corrosion
rate θ � 0.1, and the unit cost of the retailer to deal with the
corrupted fresh products is 2 yuan/kg. Due to the constant
temperature of refrigerated trucks in cold chain distribution
and transportation, the corrosion rate is 0.1. -e retailer’s
unit cost for handling spoiled fresh products is 2 yuan/kg.
-e driver’s salary W � 20 yuan/h. According to the data
from China Emissions Trading Network, the carbon foot-
print per unit product of road transportation and railway
transportation from the place of origin to the distribution
center is 0.0864 and 0.03016. -e distance of 600 km starting
from Shanghai can cover most areas of Zhejiang Province,
Jiangsu Province, and Anhui Province. So, the value of β is
600. -e relationship between the speed of refrigerated
trucks and the carbon footprint is shown in Table 8.

Each retailer k has a time window to set the time period
for receiving goods. Delivery vehicles should be arranged to
meet the customer’s time window as much as possible,
thereby reducing the increased costs due to late or early
arrival. -is part of the cost incurred can be expressed by the
following formula: Ct � C6(kδ(max(0, RTk − Lk)) +

kε(max(0, Ek − RTk))). Since fresh products have high
requirements for timeliness, the time window of retailer k is
set to [1.5, 2] and the penalty cost coefficient δ of delayed

harvest is 50. -e waiting cost coefficient ε for early arrival is
40. -e unit time cost C6 takes the value 3.

5.2. Model Simulation and Analysis. -rough modeling
analysis, it can be obtained that the total cost and carbon
footprint of the system are affected by the dual factors of the

Table 2: Reference data of production capacity and cost of each
place of origin.

Origin category Production capacity (kg) Unit cost (yuan/kg)
I1 0∼35000 1.80
I2 0∼12700 1.75
I3 0∼73500 2.00

Table 3: Reference data of each distribution center.

Distribution
center

Delivery
capacity (kg)

Fixed cost
(yuan)

Unit processing
cost (yuan/kg)

J1 45000∼70000 50000 0.025
J2 25000∼45000 66600 0.045
J3 20000∼60000 69000 0.040

Table 5: Transportation volume between place of origin and
distribution center.

Place of origin
Distribution center

J1 (kg) J2 (kg) J3 (kg)

I1 15000 12000 8000
I2 5000 4700 3000
I3 30000 20000 23500

Table 6: Distances corresponding to different transportation paths
in the system.

Origin
Destination

J1
(km)

J2
(km)

J3
(km)

K1
(km)

K2
(km)

K3
(km)

K4
(km)

I1 800 500 300 — — — —
I2 750 460 380 — — — —
I3 700 550 710 — — — —
J1 — — — 200 160 100 120
J2 — — — 180 100 110 140
J3 — — — 110 120 130 140

Table 7: Unit transportation cost from distribution center to
retailer.

Distribution
center

Retailer
K1

(yuan/km)
K2

(yuan/km)
K3

(yuan/km)
K4

(yuan/km)

J1 0.85 0.90 1.95 1.78
J2 0.96 1.45 2.16 1.72
J3 0.76 1.25 2.61 2.35

Table 4: -e status of market demand.

Retailer K1 (kg) K2 (kg) K3 (kg) K4 (kg)

Market demand 12000 25000 10000 15000

Mathematical Problems in Engineering 7



speed of the refrigerated truck and distance coefficient β. It
can be seen from Figures 2 and 3 that, with the increase of the
distance coefficient β, the overall trend of changes in the total
cost of the system and the total carbon emissions is roughly
the same. When the speed of refrigerated trucks gradually
increases, the total cost of the system and the total carbon
emissions of the system both show a downward trend.

5.2.1. Analysis of the Impact of Speed of Refrigerated Truck on
Total Cost and Carbon Footprint. According to the life cycle
theory, the life cycle analysis of the circulation process of the
fresh product A is carried out to clarify the calculation
boundary of the carbon footprint of the logistics model. -e
Matlab 2016 analysis software is used to optimize the solution,
and the relevant parameters of the system are substituted into
the model calculation. -e analysis results of the impact of a
single factor on the system are as follows.

It can be seen from Figure 4 that changes in the speed of
refrigerated trucks have a certain impact on the total cost
and carbon footprint of the system. Within a certain range,
as the transportation speed increases, the total cost and the
carbon footprint have a downward trend. Among them, the
carbon footprint and the speed of refrigerated vehicles have
an approximate quadratic function, that is, the carbon
footprint changes with the speed of refrigerated vehicles,
and the optimal solution of the carbon footprint can be
found in the current system model. When the speed of
refrigerated trucks increases from 55 km/h to 90 km/h, the
carbon footprint and total system cost are gradually de-
creasing. When the speed of the refrigerated truck is equal
to 90 km/h, both the carbon footprint and the total system
cost are minimized. After that, the carbon footprint showed
an upward trend, while the total system cost hardly
changed.

By analyzing the data in the figure, it can be obtained that
when the speed of the refrigerated truck is greater than
90 km/h, the total carbon footprint shows an upward trend.
Considering that the processing of spoiled fresh products
will produce a larger carbon footprint, the unit cost of
processing spoiled fresh products in this system is relatively
large, so the total system cost at this time is slowly de-
creasing. Compared with the increase in carbon footprint,
the decrease in total cost is even smaller. At this time, based

on the perspective of energy saving and emission reduction,
it is recommended that companies adjust the speed of re-
frigerated trucks to 90 km/h.

5.2.2. Analysis of the Impact of the Expectation Rate of
Freshness in the Retail Market on the Total Cost and Carbon
Footprint. Fresh products have higher requirements for the
timeliness of transportation because of high requirements
for the freshness expectation from consumers when fresh
products reach the terminal retail market. Because there is a
negative correlation between freshness and transit time, in
order to reduce the loss of fresh products in the trans-
portation process, the cold chain transportation model was
created. -e systemmade a systematic analysis of the impact
of total cost and carbon footprint on the basis of ensuring
freshness.

It can be seen from Figure 5 that as the requirements for
freshness when fresh products reach the terminal retail
market continue to increase, the total carbon footprint
shows a continuous increasing trend. -e increasing range
in the initial period is not obvious. -e higher the freshness
expectation rate, the larger increasing range in the carbon
footprint. -e total cost presents a trend that fluctuates
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Figure 2: Changes in total cost due to dual factors.
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Figure 3: Changes in carbon footprint due to dual factors.

Table 8: -e carbon footprint of the main links in the cold chain
logistics system.

Link Type Carbon footprint
-e carbon footprint of
the place of origin — 210 (10−3/kgco2)

Distribution center (per
unit product)

Electronic power
consumption 0.2125(10−3/kgco2)

Corruption treatment — 41.25 (10−3/kgco2)

Refrigerated truck
transportation Fuel consumption

208.5 (55km/h)
234.8 (60km/h)
234.5 (70km/h)
260.6 (80km/h)
312.0 (90km/h)
339.5 (100km/h)
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firstly and then rises sharply as the freshness expectation
rate increases. When the system requires fresh products to
reach the end retail market with a freshness of 0.87, the total
cost of the system is minimized, and the increase in carbon
footprint is not obvious. After that, with the increase in
freshness requirements, the total cost fluctuated and in-
creased, and the total carbon footprint also began to in-
crease significantly. By analyzing the simulation results of
the system, it can be known that, in actual transportation,
from the perspective of economic benefits, the company
operating fresh product A should consider adjusting the
speed of refrigerated trucks so as not only to ensure the
freshness of the fresh products when they reach the ter-
minal retail market but also to save the total cost as much as
possible.

5.2.3. Analysis of the Impact of Distance Coefficient β on Total
Cost and Carbon Footprint. When discussing the impact of
the distance coefficient β on the total cost and carbon
footprint of the system, the amount of damage of the dis-
tribution center must be considered when using rail and
road transportation. -e average speed of road trans-
portation is assumed to be 60 km/h. -e average speed of
railway transportation is 150 km/h, and the unit cost of
handling corrupted fresh products in the distribution center
is 3 yuan/kg.

According to existing research, it can be known that,
with other unchanged conditions, the product carbon
footprint caused by railway transportation is only 55% of
that of road transportation. It can be seen from Figure 6
that, with the increase of the distance coefficient, it means
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that road transportation is adopted when the trans-
portation distance is less than it, and the total cost and
carbon footprint both show an increasing trend. In the
distance range of 300−500 km, the change in carbon
footprint and total system cost has not increased much.
When it exceeds 500 km, the carbon footprint and total
system cost increase sharply. From the perspective of
carbon footprint, when it comes to long-distance dis-
tances, railway transportation should be chosen as the
main mode. Long-distance railway transportation com-
bined with short-distance road transportation is con-
ducive to the sustainable development of logistics
enterprises.

6. Conclusion

(1) From the simulation calculation and analysis re-
sults of the cold chain logistics carbon footprint
model, it can be seen that, compared to other links
in cold chain logistics, the refrigerated trans-
portation link is the major carbon emitter of this
circulation channel. Without considering the
changes of other external uncertain factors, the
speed of refrigerated trucks has a key impact on the
carbon footprint. By analyzing the system simu-
lation results, it can be seen that when the re-
frigerated truck travels at a speed of 90 km/h, the
total cost is already at the lowest level. More im-
portantly, the carbon footprint is minimized at this
time and environmental benefits can be
maximized.

(2) -e freshness requirement has a more significant
impact on the carbon footprint. When the freshness
gradually increases from 0.83, it can be seen that the
total carbon footprint is significantly increased
compared to the carbon emissions when there is no

requirement for freshness. -e higher the freshness
requirement, the greater the increase in carbon
footprint. When the freshness requirement is 0.87,
the total cost is minimized, and the increase in the
carbon footprint is within an acceptable range.
-erefore, appropriately limiting the freshness of the
cold chain logistics system to about 0.87 canmeet the
requirements of the terminal market for freshness,
and, at the same time, the environmental and eco-
nomic benefits of cold chain logistics are balanced.

(3) At present, Chinese cold chain circulation rate is
still less than 30%. Compared with developed
countries, there is a huge potential for the devel-
opment in Chinese cold chain logistics industry.
-rough this study, it is found that, for cold chain
logistics practitioners, sometimes economic and
environmental benefits cannot achieve the optimal
combination at the same time. For example, when
the carbon footprint of the system is the lowest, the
total cost may not always be optimal. In response to
this situation, it is recommended that relevant
national departments establish and improve cor-
responding laws and regulations as soon as possible.
-e implementation of subsidies for enterprises
that actively implement energy conservation and
emission reduction has a positive guiding effect on
the sustainable development of the cold chain lo-
gistics industry and also eliminates the worries of
relevant enterprises about making choices between
economic benefits and environmental costs.

Data Availability

-e data used to support the findings of this study are in-
cluded within the article.
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