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Abstract:

The growth of cold-chain logistics of agricultural products in China has become a central issue from all walks of life.
With the constant growth of the economy and the growth in the standard of living, it has become increasingly prominent
as a key link to ensure food safety and enhance the added value of agricultural products. Although the acceleration of
urbanization and the trend of consumption upgrading have facilitated the rapid growth of the market needs for cold-
chain logistics of agricultural goods, the government has accordingly entered a series of support policies to stimulate
the application of modern information technology in cold-chain logistics of farm products, compared to developed
nations, a significant disparity exists in terms of infrastructure, technical level, and management system in China.
Therefore, it has become urgent to enhance the cold-chain logistics of farm produce in China to strengthen infrastructure
construction, enhance the degree of data technology utilization, and facilitate the application of new technologies and
models. This paper conducts and analyzes the rising status of cold-chain logistics of agricultural goods nationally
and internationally, conducts an in-depth analysis of existing problems by existing scholars, finds out the deep-seated
reasons behind it, and points out the direction for the continuous improvement and innovative development of cold-
chain logistics of agricultural products in China.
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1. Comparison of Development Status
of Cold-Chain Logistics of Agricultural
Products between China and Foreign
Countries

As one of the most populous countries in the world, Chi-
na’s total consumption of agricultural products is very
large. Although the turnover of China’s cold-chain indus-
try ranks first in the world, there is a certain disparity in
the development level of the cold-chain logistics industry
compared with advanced countries. The Chinese cold-
chain logistics industry started late. Up to the 20th centu-
ry, cold-chain logistics management gradually attracted
people’s attention. Although strategies and investments
have achieved initial results in logistics, numerous chal-
lenges persist, especially in cold-chain logistics of farm
produce. The infrastructure and equipment are imperfect,
and backward technical conditions and standards also re-
strict them. This is primarily evident in the following two
dimensions.

1.1 Backward cold-chain logistics infrastruc-
ture of agricultural products

Because the traffic in most rural areas of China is rela-
tively backward, some remote areas cannot even build the
highway. This isolates these areas from the outside world.
Even if there are agricultural products transportation
routes, problems exist, such as insufficient equipment. In
contrast, the rural automobile transportation capacity is
relatively low, accounting for only 20% of the total trans-
portation capacity. According to the statistics of relevant
departments, due to the lack of special means of transpor-
tation in China, the loss rate of perishable goods accounts
for 20% of the total trade before delivery in some areas,
resulting in huge direct economic losses. Many agricultur-
al products need fresh maintenance to realize their value,
and cold-chain logistics is needed to shorten the transpor-
tation cycle. This requires cold-chain logistics companies
to maintain leading technology in transportation efficiency
and processes. As demonstrated in Table 1.
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Table 1 Comparison of Refrigeration Supply Chain between China and the United States

. The post-harvest .
. Pre-cooling . . Cold storage transportation
Region . Cold storage capacity loss rate of fruits and .
preservation rate capacity
vegetable
D‘ome.stlc Less than 30% 7 million T 25-30% 6,790 refrlgerated trucks and
situation 30,000 insulated cars
A.merl.can 0% The total amount of 2100T 1-2% 160,000 refrl.gerated trucks and
situation 60,000 insulated cars
Source: The Cold-Chain Logistics Yearbook of China in products

2020.

The above table shows that the Chinese cold-chain logis-
tics of farm goods are mainly carried out at room tempera-
ture. Besides limited transportation prices, transportation
capacity, road conditions, and fresh product technology,
many agricultural products rot during transportation,
causing huge losses. In addition, the research and applica-
tion of the Chinese cold chain of agricultural products is
dearth. The fresh-keeping rate of pre-cooling equipment
in China is less than 30%, and the refrigeration capacity is
less than 1/3 of that in the United States. The problem of
insufficient refrigerated trucks is serious.

1.2 The relatively backward cold-chain lo-
gistics infrastructure model of agricultural

With the improvement of marketization, the circulation
requirement for contemporary farm products is intensi-
fying. The logistics process of farm products, from the
productive activities to the consumption destination, is
intricate and multifaceted. However, from farmers to dis-
tributors, the circulation mode of many agricultural prod-
ucts is still relatively traditional. The division of markets,
supermarkets, and intermediaries in the supply chain leads
to excessive additional costs. In some cities, the wholesale
market can be divided into two or even multi-level whole-
sale levels, resulting in logistics costs far higher than pro-
duction costs. Comparing the main economic indicators
of agricultural product logistics at home and abroad, it
is found that there is a huge disparity between circula-
tion mode and agricultural products processing and sales
mode. As demonstrated in Table 2.

Table 2 Comparative analysis of main economic indicators of agricultural products logistics
between China and developed nations

Cost Loss Rate Processing | Processing value- Pre-cooling Supermarket
Proportion added Preservation Rate | Sales Proportion
Developed | 100, | oo than 5% | 80% 1:4 80%-100% 80%-95%
countries
China 40%-60% | 25%-30% 10% 1: 0.8 about 30% Less than 30%

Source: The Cold-Chain Logistics Yearbook of China in
2020.

From the comparative analysis of the above table, it is
found that there is a huge gap in all aspects of the logistics
transportation mode of farm products. Our transportation
cost is 4-6 times that of developed countries, and the loss
rate is 5-6 times higher. This means that each unit of ag-
ricultural product circulation will correspond to higher
costs. Regarding the initial processing of farm products in
cold-chain logistics transportation, there is a huge loss of
our pre-cooling and preservation, serious waste in trans-
portation, low processing proportion, and insufficient pro-
cessing value-added.

Due to the market supply of agricultural products, it takes

a long process from picking to production and final con-
sumption, which requires reusable storage and transpor-
tation tools. At the same time, cold-chain production of
agricultural products needs sorting, drying, packaging, an-
ti-corrosion, and other links. However, the deep process-
ing capacity of agricultural products is insufficient, the
technical level of additive products is very low, and the
backward technical equipment seriously affects the devel-
opment level of the industry. As a result, it is difficult for
China’s farm products to change from cold-chain logistics
grounded in raw materials to cold-chain logistics founded
on agricultural products, seriously affecting the value ad-
dition and competitiveness of China’s farm produce.
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2. Analysis of Bottleneck Problems
Faced by Cold-Chain Logistics in Chi-
na

Concerning the gap in the advancement level of cold-
chain logistics locally and internationally, many scholars
have undertaken thorough explorations into the bottleneck
problem of the growth of cold-chain logistics of farm pro-
duce in China at present and the underlying factors that
contribute to it, from the hardware and software aspects of
logistics supply chain infrastructure, transportation mode,
standards and regulations, and regulatory measures.

2.1 Analysis of infrastructure problems of
cold-chain logistics of agricultural products

With the continuous development of the fresh agricultural
products market, cold-chain logistics distribution hard-
ware problems are gradually becoming more prominent. It
has been discovered that the cold-chain logistics capacity
of Chinese farm produce is insufficient, and there are also
issues like small inventory, limited machinery and equip-
ment capabilities, and extensive transportation methods.
Yuan (2020) found a huge disparity between the current
cold-chain equipment and the market demand by analyz-
ing the logistics distribution of fresh farm produce. Taking
Dalian as an example, although Xianyueda has 600 cold-
chain transports and advanced GPS positioning and tem-
perature control systems, it remains challenging to fulfill
the market demand. Its refrigeration storage equipment is
outdated and lacks advanced circulation packaging tech-
nology, making it difficult to guarantee fresh agricultural
produce throughout the logistics and distribution process.
Therefore, it is very important to boost the level of fresh
farm products by promoting cold-chain logistics distribu-
tion equipment[1]. Through studying the progress of cold-
chain logistics and using the methods of data analysis and
literature review, Wang (2020) expounded that although
the market predicted that cold-chain logistics would de-
velop rapidly. It has not achieved the expected effect in re-
cent years. It has been found that the lack of quantity and
low quality of cold storage and refrigerated trucks are the
keys to restricting the advancement of cold logistics.

Due to the long construction period of cold storage, large
investment, low universality, the long manufacturing pe-
riod, and the high price of refrigerated trucks, the growth
speed of cold-chain facilities in China is far below ex-
pectations. This shortage of infrastructure restricts the
evolution of cold-chain logistics, making it impossible
for government management departments to formulate
standards beyond the current conditions to enforce man-
agement, further aggravating the difficulty of improving
cold-chain infrastructure[2]. Wang (2023) investigated

the present circumstances of cold logistics in China and
found that although there is a great demand and a good
development foundation, the extent of integration between
refrigeration technology and general logistics still needs
to be improved. It is suggested that improvement should
be made in four aspects: the research of refrigeration pres-
ervation technology, the construction of three-level nodes
of cold-chain logistics, the investment and use of refrig-
erated trucks, and refrigeration packaging technology. In
particular, it emphasizes the importance of increasing the
research on cold storage and preservation technology of
fresh farm products and the necessity of building a nation-
al core cold-chain logistics facility, a production and mar-
keting cold-chain collection and distribution center, and
supplementing the flaws of cold-chain logistics facilities
at both ends of production and marketing[3].

The Chinese cold-chain logistics of fresh farm produce
are facing multiple challenges, such as equipment short-
age, backward technology, and insufficient infrastructure.
To improve the level of fresh agricultural products, satisfy
market demands, and facilitate the rapid expansion of
the cold-chain logistics sector, we urgently need to boost
and enhance cold-chain logistics distribution equipment.
In addition, we should also strengthen the research and
application of cold storage and preservation technology
and expedite the construction and upgrading of cold-chain
logistics infrastructure.

2.2 Analysis of the transportation mode of
cold-chain logistics of agricultural products

In the transportation of cold-chain logistics, the three-
peak links of loss include “the first kilometer,” “the last
kilometer,” and the moment of chain breakage during
transportation. These three key links significantly affect
the transportation efficiency of farm goods in the whole
cold-chain logistics transportation.

1) The problem of “the first kilometer”. The initial key
step of the cold chain of farm goods refers to a series of
meticulous treatment measures, including but not limited
to pre-cooling, careful grading, preliminary processing,
proper packaging, and safe storage, to guarantee the level
of agricultural goods and extend their freshness. In this
process, due to the lack of unified standards and norms,
the temperature of goods often gets out of control[4-5].
Xie (2022) pointed out that due to the particularity of
cold-chain logistics, professional cold storage equipment
and cold storage are needed for storage, which undoubt-
edly increases operating costs. In the initial stage, if the
temperature is not properly controlled, it may lead to the
corruption of food or drugs or the reduction of drug effi-
cacy, which will bring huge losses to enterprises[4]. Zhao
(2020) studied the cold-chain logistics of farm products
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under the background of agricultural structure adjustment
and residents’ consumption level improvement and found
that the cold-chain logistics of agricultural products have
made remarkable progress in refrigerated transportation,
cold storage construction, and application of new technol-
ogies. Meanwhile, driven by the national Belt and Road
Initiative and the Internet trend, rural e-commerce and
fresh e-commerce have grown fast, highlighting the im-
portance of “the first kilometer” in the circulation of farm
goods[5].

The initial key step of the cold chain of agricultural goods
is very important to guarantee farm produce‘s prime mass
and freshness. However, due to the lack of uniform stan-
dards, the problem of temperature out of control frequent-
ly occurs, which increases operating costs and enterprise
risks. Under the background of the tune-up of agricultural
structure and the improvement of inhabitants’ consump-
tion level, the cold-chain logistics of agricultural products
have made remarkable progress, highlighting the impor-
tance of “the first kilometer” in the circulation of farm
produce.

2) The problem of “the last kilometer”. This stage mainly
involves the distribution and service of consumers. In this
link, the planning of distribution routes, the layout of ter-
minal nodes, and the quality of service personnel may also
lead to the loss of cold-chain logistics.

Yang (2016) studied “the last kilometer” management
of urban cold-chain logistics and found that reasonable
network layout, optimization of distribution path, maxi-
mum use of vehicles, and selection of appropriate means
of transportation can reduce logistics costs and meet the
requirements of safety, timeliness, and accuracy. There-
fore, “the last kilometer” management of urban cold-chain
logistics should ensure basic safety and low-cost stan-
dards[6]. He also pointed out that unreasonable distribu-
tion route planning may lead to too long distribution time
and more difficult temperature control. The unscientific
layout of terminal nodes may lead to an increase in distri-
bution distance and increase the distribution cost. The un-
even quality of service personnel may also affect the qual-
ity of service and may even cause the loss or mismatch
of goods[6]. Chen (2017) explored “the last kilometer”
distribution status of fresh e-commerce in China. Data
analysis found that there were problems such as scarcity
of cold-chain resources, uneven distribution of infrastruc-
ture, and lack of systematic standards, which led to high
loss and high cost of fresh distribution. At the same time,
“the last kilometer” distribution also faces challenges re-
garding timeliness, convenience, information traceability,
and degree of sharing [7]. Zhang (2015) believed that al-
though “the last kilometer” problem of logistics was often
narrowly understood as a problem at the end of distribu-

tion, it had a wider social attribute. The emergence and
complexity of this problem involve many levels, including
seven aspects: strategic planning of self-pick-up points,
the efficiency of distribution route, optimization of cargo
stowage, coordination of various modes of transportation,
appropriate choice of transportation tools, coordination
among stakeholders and continuous improvement of cus-
tomer service quality[8].

To sum up, “the first kilometer” and “the last kilometer”
in cold-chain logistics are not only the key to ensuring
product quality, reducing loss, and improving customer
satisfaction but also the research direction that needs to
be paid attention to in the future. To overcome these two
problems, the industry needs to formulate stricter and uni-
fied operating standards and norms, facilitate the innova-
tion and upgrading of cold-chain equipment and technol-
ogy, optimize the distribution network, and improve the
professionalism of service personnel.

3) The chain breakage problem of cold-chain logistics.
The chain breakage in the cold-chain logistics of fresh
farm products essentially refers to the fact that in the to-
tal cold-chain logistics operation process. Because of the
lack of cold-chain logistics nodes or equipment and the
failure of enterprises and staff involved to follow the strict
standards of cold-chain logistics, fresh farm goods are ex-
posed to normal temperature or high-temperature environ-
ments at a certain key link or node called chain breakage.
In short, cold-chain logistics is discontinuous for various
reasons, making it impossible for fresh agricultural prod-
ucts to sustain a constant low-temperature environment
throughout the circulation process[9].

Cold-chain logistics of farm goods is a complex system
covering many links from production to consumption, in-
cluding pre-cooling, warehousing, transportation, distribu-
tion, retail, and other key links, which are closely linked
to guarantee the freshness and quality of farm goods in the
whole supply chain [10-11]. The normal operation of this
system is very important for ensuring food quality and
safety and reducing loss. However, in actual operation, for
various reasons, the chain breakage of cold-chain logistics
occurs from time to time, which greatly influences the
level of farm products and food safety.

In the cold-chain logistics system of fresh farm produce,
pre-cooling at the origin is regarded as the most vulner-
able link, followed by urban distribution, transportation,
warehousing, consumption, and retail. The analysis of the
reasons mainly lies in the farmers’ lack of understanding
of the importance and operational knowledge of pre-cool-
ing, the small and scattered scale of farmers’ operation,
and the low degree of organization, which leads to the fre-
quent breakage of the cold chain in the initial stage. In ad-
dition, the inefficiency of receiving goods, the interruption
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of refrigeration by car owners to save costs, the imbalance
of cold storage structure, the lack of popularization of
cold-chain knowledge among consumers, and the mis-
match of fresh-keeping equipment used in supermarkets
and small stores have also aggravated the risk of cold-
chain logistics breakage to varying degrees. Therefore, in
building and managing the cold-chain logistics system, we
should not only focus on strengthening the weak links but
also comprehensively plug the loopholes to guarantee the
whole chain’s efficiency, stability, and safety [10].

2.3 The cold-chain logistics standards and
regulations and regulatory measures and oth-
er issues

1) Standard construction of cold-chain logistics system for
agricultural products

The cold-chain logistics of agricultural products is a com-
prehensive field covering a series of technical operation
norms and institutional standards, from food safety to en-
vironmental temperature control to packaging, transporta-
tion, and storage. Although the government has launched
a series of technical norms and guiding principles in the
cold-chain logistics industry, these norms and standards
do not fully cover all aspects of agricultural product logis-
tics. It even includes problems such as imperfect standard
systems, insufficient supervision mechanisms, and low
standardization levels[10]. What is more serious is that
some existing standards are imperfect, making it difficult
to effectively implement them in actual operation. This
leads to the chain breakage of cold-chain logistics[12].
Yuan (2020) analyzed the cold-chain logistics distribution
of local farm products in Dalian and pointed out that the
cold-chain logistics distribution of fresh farm products
was still in its infancy, with imperfect standards and
quality problems. Due to the high delivery cost of cold-
chain trucks, over 80% of fresh agricultural products are
transported by regular trucks, so it is necessary to for-
mulate stricter cold-chain logistics distribution standards
to improve the quality of fresh farm goods[1]. Li (2018)
found that although relevant policies and standards have
begun to take shape, the standard system is not perfect,
the binding force is not strong, and there are obstacles
to implementation [11]. Shi (2021) studied the standard
system of cold-chain logistics and found that there were
many centralized management departments of standards,
a lack of unified top-level design, and the coordination
and cohesion between standards formulated by different
departments needed to be improved. These problems
have affected the standardized transportation growth and
increased enterprises’ operational difficulty. Thus, she
called for strengthening communication and cooperation
between departments and establishing a unified standard

system to stimulate the healthy advancement of the cold-
chain logistics industry[13].

Standardization plays an important supporting and guid-
ing role in standardizing the management of the logistics
industry and promoting the high-quality advancement of
cold-chain logistics. However, due to the relatively low
degree of organization of farm goods production, the
small and scattered agricultural production mode leads
to the dispersion of agricultural product logistics. Farm
products need to transform processing, packaging, trans-
portation, organization, loading and unloading, storage,
and other links in the logistics process, which makes the
standardization process of farm goods cold-chain logistics
face many challenges[12-13]. Chen (2023) pointed out
that implementing a standardization system helps improve
the service quality of cold-chain logistics, ensuring the
food safety of agricultural products and meeting the needs
of high-quality development, which is an effective way to
upgrade the cold-chain logistics industry[14].

Although normalizing cold-chain logistics of agricultural
products faces multiple challenges, such as scattered agri-
cultural production modes and complicated logistics links,
its advantages in promoting technological transformation,
improving efficiency, ensuring food safety, and promot-
ing industry upgrading cannot be ignored. In addressing
issues in standardization transversion, it is necessary to
strengthen the leading role of leading enterprises, improve
the standardization awareness of employees, and keep an
eye on the effect of the whole cold chain. With the mod-
ernization of the national governance system and gover-
nance capacity, cold-chain logistics standardization will
become the crux of facilitating the high-quality growth of
the industry.

2) Regulations and supervision of agricultural cold-chain
logistics system

In the cold-chain industry of farm products, the phe-
nomenon of “emphasizing construction and neglecting
supervision” is not uncommon. The legal guarantee sys-
tem of fresh cold-chain logistics is not perfect, and the
national legal construction in this respect is still in the
primary stage. This leads to the lack of a unified and clear
legal basis in the industry, leading to much confusion and
restrictions. Although the government and enterprises
participate together in formulating fresh cold-chain distri-
bution standards, it is difficult to unify the standards due
to differences and contradictions among various depart-
ments. This situation affects the quality improvement of
distribution services, hinders the healthy development of
the whole industry, influences the sound growth of cold-
chain logistics of farm products, and restricts its progress
to a higher quality level[10-13,15].

Rao (2020) studied the legal and management issues of
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cold-chain logistics of fresh agricultural products and dis-
covered that the lack of a sound legal basis and effective
coordination mechanism led to chaotic and inefficient in-
dustry development, resulting in huge losses[15]. Li (2018)
pointed out that the regulatory authorities’ lack of supervi-
sion on refrigerated trucks and temperature control in road
transportation led to the ineffective implementation of
industry standards. She took the delivery vehicles of com-
munity vegetable direct-sale stores in Urumgqi as an exam-
ple to emphasize the traffic safety hazards it brought[11].
Through the research on the traceability management
platform of cold-chain food in China, Li (2021) found
that several provincial traceability platforms have been
established, and data docking has been realized. Howev-
er, problems remain, such as difficulties in cross-regional
platform docking and inconsistent system coding. In ad-
dition, the available platform does not overlap the total
information management process, just targeting imported
cold chain food, which threatens the authenticity and in-
tegrity of the data and cannot realize real-time whole pro-
cess monitoring, creating a latent threat to the healthy and
green rounding of cold-chain food[16].

The cold-chain industry of farm goods has obvious short-
comings in legal protection, standard formulation, su-
pervision, and implementation. These problems not only
affect the healthy advancement of the industry but also
may cause the decline of the level of farm products and
the increase of security risks.

3. Analysis of the Development Trend
of Cold-Chain Logistics of Agricultural
Products

3.1 Innovation of circulation mode to improve
infrastructure shortage

The emerging cold-chain logistics technology has been
extensively used in fruit and vegetable products in the
past few years. The evolution of this cold-chain logistics
technology and the innovation of online circulation mode
have profoundly changed the supply and transportation
modes of fruit and vegetable products.

Wu (2023) believed that the cold-chain logistics technol-
ogy of fruits and vegetables has evolved from the tradi-
tional mode of “cold storage-refrigerated transportation”
to a whole chain cold-chain system including “pre-cooling
at the place of origin-low temperature storage-low heat
packaging-low heat loading and unloading-refrigerated
transportation and distribution-refrigerated sales.” This
change improves the level and safety of fruits, vegeta-
bles, and farm produce and meets consumers’ demand for
freshness, safety, and diversification[17]. Wang (2023) an-
alyzed the circulation mode of fresh agricultural products

and compared the effects of the traditional wholesale and
retail mode with the current online direct selling mode.
He pointed out that online direct selling can deliver farm
goods to consumers faster, reduce the loss in circulation,
and improve the utilization rate of farm products[3].

The transformation of cold-chain logistics mode and the
rise of online direct selling mode not only optimize the
circulation efficiency of fruits and vegetables and agricul-
tural goods but also extraordinarily enhance consumers’
shopping experience. In the future, with the continuous
progress of technology and continuous innovation of
mode, it can effectively reduce intermediate links, save
storage space and capacity, greatly alleviate the problem
of insufficient cold-chain logistics infrastructure, and
make the supply chain of fresh farm products more effi-
cient, safe, and reliable.

3.2 Blockchain technology to build an infor-
mation ecosystem

With distributed ledger technology’s continuous maturity
and application expansion, its role in the cold-chain logis-
tics industry has become increasingly prominent. Some
students have conducted thorough research on this and
proposed building an ecological management system of
cold-chain logistics information based on blockchain. Ap-
plying blockchain technology can solve the information
barriers, insufficient safety supervision, and traceability
problems faced by the current cold-chain logistics industry
and produce new chances for the sector’s development.

Wang (2021) studied the information ecological man-
agement of the cold-chain logistics industry, adopted
blockchain technology as a solution, and reached the con-
clusion of building a new information ecological manage-
ment system for cold-chain logistics, aiming at breaking
the information barrier and improving safety, efficiency,
and traceability of cold-chain logistics to meet the chal-
lenges and opportunities of industry development. She
also pointed out that with the development of blockchain
technology. However, the cold-chain logistics information
environment in China has not yet been formed, resulting
in loopholes in consumer rights protection. We can build
a brand-new blockchain cold-chain logistics information
management system with the help of blockchain technol-
ogy. This system will greatly enhance the security of the
cold-chain logistics network, promote information ex-
change and cooperation between nodes, and then promote
multiple node enterprises to jointly create a perfect eco-
logical environment[18]. In addition, Li (2021) analyzed
the advancement status of the cold-chain logistics market
in China during the epidemic era and the pain points of
the food cold-chain logistics news traceability system. He
believed that the food cold-chain logistics traceability sys-
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tem enabled by blockchain technology could extremely
define the duties of all participants, significantly facilitate
the level of cold-chain food and the openness of logistics
information, guarantee the safety and hygiene of cold-
chain food, and strongly facilitate the cooperation and
docking of cross-regional platforms. This will not only
help the country to strengthen epidemic prevention and
control in the field of cold-chain food but also greatly re-
duce the risk of chain breakage in the cold-chain logistics
industry and finally realize the two-way traceability and
efficient reuse of cold-chain food information[16].
Generally, applying cold-chain logistics technology in
fruits, vegetables, and agricultural products is a complex
system involving many links and technologies. Only by
continuously exploring, optimizing, and applying rele-
vant systems can we better meet consumers’ demand for
high-quality fruit and vegetable goods and facilitate the
high-level advancement of the cold-chain logistics indus-
try of fruit and vegetable products in China.
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