
Logistics & Sustainable Transport 
Vol. 10, No. 1, June 2019, 1-10 

doi: 10.2478/jlst-2019-0001 

1 

Review of pallet pooling studies 
Chunhua CHEN 1,2, Jianwei Ren 3,4,5*  and Yunga A 2 

1 Jiangxi University of Finance and Economics / School of Business Administration, Nanchang, China 
2 Agricultural Bank of China / Inner Mongolia Branch, Hohhot, China 
3 Inner Mongolia University / Transportation Institute, Hohhot, China 

4 Inner Mongolia University / School of Mathematical Sciences, Hohhot, China 
5 University of Plymouth / Faculty of Business, Plymouth, United Kingdom 

[Corresponding Author indicated by an asterisk *] 

Abstract — Development of sharing economy has brought new opportunities to the development of green 
logistics. Pallet pooling is a typical type of sharing economy. It has been recently promoted in almost every 
country in the world. Researchers have reached a common agreement that establishing an effective pallet 
pool is of great importance to the pallets use efficiency. It is also believed that the implementation of pallet 
pool will substantially contribute to the economic and social development. Detailed analysis of pallet pooling 
such as benefit analysis, mode choose, pallet allocation model & algorithm, quality control, etc. are discussed 
in this paper. Based on literature review, several important problems are listed for future study. These problems 
are information management, supply chain management, rental pricing, pallets tracking and allocation, 
quality control, sustainable development (carbon emissions), and “internet plus pallet pooling”. Some 
suggestions on China’s pallet pooling development are proposed as well. 
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I. INTRODUCTION

The sharing economy has gained an increasing popularity. There are several excellent companies 
specializing in this field such as Uber and Airbnb. It’s commonly believed that Uber is a transportation 
network company and Airbnb is a company providing online marketplace and hospitality service. 
The research report of PWC2015 shows that the market value of sharing economy has been 
estimated more than 335 billion dollars by 2025. China's government work report in 2016 also pointed 
out that they would support the development of sharing economy. In fact, applying sharing 
economy concept in logistics field is never a new idea. In 1945, CHEP (Commonwealth Handling 
and Equipment Pool) had already been providing a pallet rent service in Australia after the Second 
World War which is regarded as a form of Pallet pooling in sharing economy area. 

Pallets are nowadays broadly used over the world. It is one of the two key innovations in the 
logistics industry in 20th Century [1]. A pallet pool is a pool in which there are many pallets. Users of 
the pool could use these pallets. This pool could be established by a pallet rental company or some 
cooperative partners. By the method of pallet pooling, pallets in the pool can be more efficiently 
utilized [2]. Cargos from the seller to their buyer’s destination in a supply chain are normally delivered 
on pallets. Without a pallet pool, they have to be unloaded from their pallets after reaching the 
destination because those pallets belong to the seller and others are not allowed to use them [3]. 

Since 1945, the users of pallet pooling have witnessed a rapid development in Australia, United 
States, Japan, etc. to the contrary that the booming of it in China has been reckoned no more than 
10 years (Although China's railway department tried to promote pallet pooling in 1965, they failed). 
Recently, related researchers in China are glad to see that the Chinese government is paying highly 
attention to pallet pooling and has exerted considerable influence on the establishment and 
subsequent promotion and utilization of it. In "The plan of logistics industry restructuring and 
revitalization” and “The long-term plan of logistics industry development (2014 - 2020)", pallet pooling 
is pointed out as an important innovative technology of the logistics industry therefore it should be 
propelled as soon as possible. The government of Beijing, Shanghai, Guangdong, Inner Mongolia 
and other provinces, municipalities and autonomous regions also have confirmed that the pallet 
pooling is a significant method for logistics industry’s development. In recent years, some 
representative pallet pools are built up and put into use in China such as China Merchants Loscam 
pallet pool, China pack Jingli pallet pool, Shandong Libao pallet pool, and so on.  

Since 1960s, scholars in UK, USA, and Australia had already begun to study pallet pooling, while 
Chinese scholars started from 2003. In 2001, a paper published on “Journal of Logistics Technology 
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and Application”. It was the China’s first paper focusing on pallet pooling, but its author is Japanese 
[4]. Wu [5] is reckoned as the first Chinese scholar doing research on pallet pool.  Given the fact that 
there are many literatures on it, we still can’t find an overall literature review on the research of pallet 
pooling. In this paper, the literature review on pallet pooling study will be presented in section 2. 
Several hot study fields in pallet pooling are given in section 3. Some suggestions on the 
development of pallet pooling in China are also proposed in section 3. Conclusions are made in 
section 4.  

II. REVIEW 
As shown in Figure 1~6, pallets can be used in several different ways. Pallets can be categorized 

into three types by their usage scenarios. We define them as purchased pallets and rent pallets by 
their ownership. We define them as disposable pallets and reusable pallets based on whether they 
can be reused or not. We define them as static pallets (those are only used in one enterprise) and 
dynamic pallets (those are used in a supply chain) based on whether they are used only in a certain 
company or in a whole supply chain. 

Pallets in pallet pooling are a combination of dynamic pallet and reusable pallet. They either 
belong to a rental company (like the CHEP pallet pool and Loscam pallet pool) or a normal 
company (like the United States postal pallet pool). Pallet pooling is a mode regarded as the most 
effective pallet management mode. Scholars have paid great effort to study this potential and 
beneficial mode. Literatures on pallet pooling mostly are focused on benefit analysis, mode choose, 
supply chain and information management, pallet allocation model and algorithm, rental pricing, 
quality control, sustainable development (carbon emissions), etc. 

pallet rental company using pallets after pay

 
Figure 1. Rent 

pallet manufacture purchase pallets

 
Figure 2. Purchase 

unloading disposingusing pallets

 
Figure 3. Disposing 
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Figure 4. Reusing 

 
Figure 5. Static 

supplier manufacture

retailer distributor

 
Figure 6. Dynamic 

A. Benefits of pallet pooling 
The economic and social benefits of pallet pooling are significant. Sakai [6] pointed out that the 

development of pallet pooling was beneficial to both enterprises and society. Auguston [7] stated 
that the development of pallet pooling in the United States was not good enough. That’s one of the 
reasons why the logistics costs were still high. Don [8] proposed that pallet pooling is not only able to 
help companies save costs, but can also enhance the efficiency of warehousing and 
transportation. According to the study on CHEP, Witt [9] proved that pallet pooling was an excellent 
way to save costs. Raballand & Carroll [10] also pointed out that companies using pallet pooling 
had reduced their operating costs. Wu [5], Meng & Sun [11], and Li [12] proposed that the 
development of pallet pooling was of great significance to China. A pallet pool in Sweden simplified 
the process of transporting goods from Sweden to the UK [13]. Ray's research shows that the PLUS 
(Pallet loading and unloading system) essential to the United States [14]. Brindley [15-16] studied 
Chinese pallet pooling development and found that the potential market of Chinese pallet pooling 
was enormous. 

However, according to the research of Ray et al. [17], a company will cost more if it rents pallets 
instead of purchasing. Roy et al. [18] proposed a two stage model to compare the cost of using 
single-use expendable pallets and rental pallets. They found that the cost of single-use expendable 
pallets is even lower than renting pallets. Lacefield [19] and Mosqueda [20] advised that a company 
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choose rental pallets or purchase pallets should be based on its actual situation in the belief that 
pallet pooling is not always the right choice for every enterprise. This idea can explain why Ray’s 
conclusion is different from others.  

More and more companies are using pallet pool  is the best indirect proof that using pallet pooling 
provides great advantages. In 2014, Michel [21] made an investigation in the United States. He 
found that 57% of companies surveyed wanted to use pallet pooling services. This figure is 13% 
higher than that of 2013.  

B. Pallet pooling modes  
The traditional study on pallet holds that the modes of pallet pooling include rent, exchanging, 

and rent & exchanging. But Harris and Worrell [2] pointed that there were basically three methods of 
pallet management including transfer of ownership, pallet exchange, and pallet pooling. According 
to their study, there are three types of pallet pool which are third party owned pool, third party 
management pool and private pallet pool. In the third party owned pool which is also called pallet 
rent pool, pallets belong to a pallet rental company and the company’s customers can use these 
pallets. In the third party management pool and the private pool, pallets belong to a specific 
company and they cannot be used by others except that company. These two types of pallet pools 
are actually not real pallet pools. We can therefore come to a conclusion that the basic modes of 
pallet pooling including transfer of ownership, rent, and exchanging. A company is free to use more 
than one mode, according to its needs, to build up its own pallet pools, such as rent & exchanging, 
transfer & rent, transfer & exchanging, transfer & exchanging & rent. Three basic pallet pooling 
modes are shown in table 1. 

Despite that each kind of pallet pooling mode has its advantages and disadvantages, the rent & 
exchanging mode is world widely gaining greater popularity than the transfer of ownership mode. In 
fact, rent & exchanging mode is the most frequently used mode in many countries. England is the 
first country which implemented the rent & exchanging mode. Li [12] and Lai [22] suggested that it 
was necessary to develop rent & exchanging mode of pallet pool in China. Yu [23] also advised that 
rent & exchanging mode of railway pallet pool should be adapted in China. However, Wang & Gu 
[24] holds that using rent mode of pallet pool is able to meet all the needs in China. Jin et al. [25] 
and Ge [26] suggested the Chinese government develop a new pallet pool taking commercial 
bank as reference. They named this kind of pool as pallet bank. The customers of the pallet bank 
can rent from the pallet bank. The branches of a pallet bank can exchange their pallets. It’s not 
hard to notice, based on their mode, that the essence of pallet bank is still the rent & exchanging 
mode of pallet pooling. 

Table 1. Three basic pallet pooling modes 
Items Rent Exchanging  Transfer of ownership 

Participants Pallet rental company 
and its customers 

Companies in a pallet 
pool  

Companies in a pallet 
pool 

Operational 
processes 

A pallet rental company 
provides pallets as well as 

some services to its 
customers which are 

recycling and 
maintenance of pallets. 

Its customers do not need 
to buy pallets. They use 
pallets to transport their 
cargos after the rental 

fee is paid.  

Companies are 
supposed to provide the 
same amount of empty 
pallets which is equal to 
that of pallets received 

alone with cargos to their 
suppliers. Likewise, their 
customers have to do 

the same to them.  

Companies have to buy 
the pallets from their 

suppliers when cargos 
are purchased before 

transportation. Likewise, 
their customers have to 
do the same to them. 

Advantages 

The pallet pool is 
managed by a 

professional rental 
company. Customers 

can significantly reduce 
their logistics cost.  

Small investment;  
Simple operation. 

Small investment; 
Simple operation. 

Disadvantages Large investment; 
 Hard to operate. 

Some companies may 
provide ill-conditioned 

Some companies do 
not want to buy their 
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pallets to their partners.  partners’ pallets.  

C. Pallet pool supply chain and information management 
As pallets are moving through the whole supply chain, it is important to manage supply chain and 

information efficiently. Elia & Gnoni [27] designed a closed-loop pallet pool supply chain, which 
consists of pallet suppliers, pallet recyclers, and upstream and downstream customers. Xu [28] 
studied on the method of pallet pool supply chain management and designed an information 
system based on RFID. Gnoni & Rollo [29], Zhang et al. [30], and Kim & Glock [31] studied on how to 
use RFID technology to track pallets. Jin et al. [25] and Ge [26] designed two pallet pool 
management information systems based on RFID in order to manage pallet recycling and storage. 
Chen et al. [32] designed a pallet rental management information system based on RFID and B/S 
(Browser / server) mode. Zhao [33] proposed an information service framework for pallet pool supply 
chain management based on XML (QR). Li et al. [34] proposed a pallet pooling information platform 
using cloud computing. He also studied on the problem of XML data sharing, data link and 
bidirectional mapping rules. Although there are some literatures on pallet pool supply chain 
management and its information system, it is not adequate to meet the needs of the development 
of pallet pooling. 

D. The methodology of pallet allocation over a pallet pool 
How to allocate pallets over a pallet pool? This is a difficult problem. Ren et al. [35] proposed that, 

as shown in figure 7, the whole process of pallet allocation includes purchase, rent, distribution, 
reposition, recycling, maintenance, and disposing. In each sub-process, pallets may be lost, 
destroyed, or ruined, etc. The whole process is so complicated that almost all of the managers of 
pallet pools in the world are struggling to find an answer to how can we allocate pallets properly.  

 

Supplier Demand customer

Supply customer

purchase

distribution

repositionrecycling

rent

 disposing

 maintenance

 
Figure 7. Pallet allocation 

Mosqueda [20] stated that if managers cannot effectively control the costs of pallet allocation, 
the successfully use of pallet pool was impossible. Brindley [36] studied on CHEP, iGPS and other 
pallet pools and pointed out that pallet allocation was not easy to every manager. Brindley [36] also 
said that the pallet damage rates of CPC and PECO were so high that extra attention should be 
paid to the pallet damage rate when managers allocate pallets. Besides, Doungpattra et al. [37] 
analyzed the methodology of how to reduce the transport pallet cost in pet food industry. There are 
several scholars who also have done research on models and algorithms of pallet allocation (see 
table 2).  

Table 2 Models and algorithms of pallet allocation over a pallet pool 

Literatures Demand Supply Stock 
capacity 

Transportati
on capacity 

Loading and 
unloading 
capacity 

Types Truck
-load 

Damage 
rate 

Transportation 
mode 

Solve 
method 

Ren & Zhang [38] D S D D - ST - - SM Lingo 

Ren & Zhang  [39] D - - S - ST - - SM Lingo 

Ren & Zhang  [40] S S D S S ST - - SM Lingo 

Ren et al.   [41] U U U U U MT Y U SM Lingo 

Zhou et al.   [42] D D - D - MT - - SM Cplex 
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Zhou et al.  [43] D D - D - ST - - MM Cplex 

Zhou et al.  [44] S D - - D ST - - SM ICA 

Ni et al. [45] S S - - - ST - - SM GA 

D: deterministic; S: stochastic; U: uncertainty; ST: single-type; MT: multi-type; Y: pallets should be 
moved in truckload quantities; SM: single kind of transportation mode; MM: multi-type of 
transportation modes; ICA: immune clonal algorithm; GA: genetic algorithm 

As shown above in table 2, the pallet allocation models’ objectives are all set to minimize the total 
cost. The constraints in those models include demand, supply, inventory capacity, transportation 
capacity, and loading & unloading capacity. Most literatures only researched on single type pallets. 
Literatures considering multi-type pallets are all based on an assumption that the demand of one 
type of pallets cannot be met by another one. Lingo and Cplex are the two mainly methods to 
solve those models. Immune clone algorithm and genetic algorithm are adapted in some papers. A 
basic pallet allocation model can be presented in a compact form. 
                                                                 min cx                                          (1) 
                                                                . .s t Bx b=                                    (2) 

                                                                  { }0x +∈Ζ ∪                        (3) 
Equation (1) is to minimize the total pallet allocation costs. The cost vector c  includes distribution, 

reposition, recycling, inventory, loading & unloading, rent, purchase, etc. The decision variables are 
represented by x . Equation (2) represents all constraints (such as supply, demand, etc.). They are 
expressed as equalities by slack variables. Equation (3) is used to state that all decision variables 
should be non negative.  

Pallet allocation is a brand new research field. There is very few literatures on it [46]. The literatures 
on the schedule problem, which has been studied since 1954 [47-48], are very helpful for the 
scholars who want to solve the problem of pallet allocation.  

E. Some other topics 
Although pallet pooling becomes more and more popular in the world and an increased number 

of literatures have been published, a lot of problems, such as the lost rate of pallets, pallet recycling, 
measurement of carbon emissions in using pallet pool, pallet rent pricing, are still in wait to be solved. 

Baker [49] analyzed the HB 2168 regulations and thought the regulations would be helpful to 
reduce the lost rate of pallets. Bilbao et al. [50] proposed a linear programming model to compare 
the environmental impacts of various pallet management modes.  Carrano et al. [51] proved that 
pallet pooling could reduce carbon emissions. Bengtssona & Logiea [52] also proved that pallet 
pooling was the most environmentally friendly method in pallets management. Tornese et al. [53] 
showed that pallet remanufacturing could reduce carbon equivalent emissions up to 40%. Tornese 
et al. [54] studied on the environmental impact of pallet pooling. China’s standard pallets’ 
specification is 1200mm * 1000mm. Many scholars think that this kind of pallets is suitable to trucks 
and trains [55]. Xu [56] proposed a pricing model considering the influence of the lease term and 
the return rate, which could maximize the revenue of both the rental company and its customers. 
Wu et al. [57] gave a pallet rental pricing model based on the method of revenue management. 
Since the pallet pooling is very complex, a lot of problems are worth studying by scholars. 

III. DISCUSSION 

A. Perspective 
Pallet pooling is a typical kind of sharing economy. It is helpful to the development of green 

logistics. Most of literatures published so far are qualitative research on the operation modes and 
benefit analysis. It is worth noting that there are several scholars have shown their interest on  
information management, supply chain management, rental pricing, pallets allocation & tracking, 
quality control, sustainable development (carbon emissions) and so on. These topics are very 
important to pallet managers. Studies on those fields will become hot in the near future.  

Almost all of the literatures on pallet pool information management are focused on tracking 
pallets and sharing information based on RFID and XML. There are many new technologies as sensor 
technology, cloud computing, big data, etc. are already implemented in other field besides pallet 
pooling. In order to achieve the visual management of pallets and scientific decision-making, these 
technologies can also be studied in the use of pallet pool information management. 
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Pallet pool supply chain management is a new research field in recent years. Scholars are 
focusing mainly on the research of supply chain design. In addition to the problem of supply chain 
design, there are many other problems in this complex system that should be researched. For 
example, partner selection and risk control. It is necessary to study on these topics according to the 
characteristics of pallets. 

Pallet allocation is vital to the pallet pool management. Most of the literatures on pallet allocation 
focused on allocation model and algorithm from the theoretical point of view, but there are 
inadequate data to support their results which severely affect the credibility and practicability. 
Furthermore, there is few literatures from the strategic view to study the influence of pallet allocation 
on decision-making. Therefore, the future research can be carried out in aspects of empirical and 
strategic research. 

Pallets are perishable. So a reasonable pricing of pallet for a rental company can significantly 
promote its profits. However, most of the pallet rental companies are pricing pallets merely by 
negotiation with customers, which is lack of scientific pricing. Companies may lost the chances to 
get more revenue because of that. To price the rental pallet based on the theory of revenue 
management is therefore apparently needed.  

The problem of sustainable development is a hot issue that has been paid close attention by 
scholars. Pallet pooling can promote the sustainable development of economy and society. It is 
important to research on how to evaluate its impact on sustainable development and take more 
effective measures (such as the use of environmentally friendly materials, transportation, and 
processing methods) to reduce negative impact on the environment. 

Sharing economy has penetrated into almost all areas of transportation, life services, health care, 
etc. In the field of logistics, as a typical sharing economy mode, pallet pooling has been developed 
very well in the world. But compared with the smashing development of Uber and Airbnb, its 
development speed is way too slow. As mentioned above, "Internet plus" is significant to sharing 
economy. The mode of "Internet plus pallet pooling" is to greatly propel the development of pallet 
pooling. 

B. Suggestions on pallet pooling development in China 
The earliest pallet pool in China was operated by Chinese Railway Department. In 1965, the 

managers of Beijing Guanganmen railway station and Shanghai east station tried to exchange 
pallets. But the project was not successful. The reasons for the failure include: (1) The pallets’ 
specification in China were varied, so it was hard to exchange pallets. (2) There was not an 
information system to manage the huge pool. (3) There were few professionals on pallet pooling. 
(4)The benefits of pallet pooling were not distinct, so the Chinese government did not pay much 
attention to that project.    

Since 2003, there are more and more scholars and people with broad vision who appeal for the 
development of pallet pooling. Although attempts on development of pallet pools are being 
carried out, use of pallet pooling is not easy to succeed. We then suggest that:  

(1) Apparently, the benefits of pallet pooling are significant. Especially for China during the 
transition period, the development of pallet pooling can greatly improve the speed and efficiency 
of goods circulation as well as reduce logistics costs and enhance the vitality of economic 
development. Chinese government should make a good planning for the development of pallet 
pooling. 

(2) China has vast territory and abundant resources. The development levels of each region 
various. For example, Beijing and Shanghai are developed regions, while Inner Mongolia and Tibet 
are developing regions. So each pallet pooling mode (rent, exchanging, and transfer of ownership) 
can find its room to be used in China. In fact, these common pallet pooling modes have been 
unable to meet the needs in China. Researchers have developed some new modes. For example, 
Jituowang is a pallet pooling website (http://jituowang.com/). Customers of this website can lend or 
rent pallets on this website. If a company has some idle pallets, it can post a message on the 
website to lend its pallets. If a company needs some pallets, it can post a message on the website to 
rent some pallets. By this website, those idle pallets dispersed in various locations in China can be 
used more efficiently. The companies who need pallets can make their needs met with lower cost. 
This kind of new pallet pooling mode is named as “Internet plus pallet pooling”. 

(3) Pallet standardization is very crucial to the development of pallet pooling. The 1200mm * 
1000mm pallets are suitable to be transported by trucks and trains, so Chinese government should 
promote the use of that standardization.  
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(4) The construction of pallet pools contains a large variety of scientific problems, such as pallet 
pool supply chain management, pallets allocation, pallet rental pricing, information management, 
etc.. It is needed to do academic research in details according to the China's situation. Studying in 
this field also demands a large number of professionals, so the pallet pooling education is in urgent 
need.  

(5) Chinese government should encourage enterprises to engage in the industry of pallet pooling. 
For instance, some enterprises should concentrate on developing pallet pooling information systems, 
and some pallet recyclers are needed to recycle empty pallets across the big country. 

(6) The pallet pooling has been developed more than half a century. Chinese companies should 
learn the mature experience from the ones in United States, Australia, Japan, Korea and other 
developed countries. Given that China's political environment, geographical environment, 
economic development, social and culture are very different from other countries, Chinese 
companies should take these differences into consideration when they build their pallet pools.  

IV. CONCLUSIONS 
Pallets are widely used in the world. Pallet pooling is a popular method of managing pallets. 

According to our analysis, there are many literatures on pallet pooling as to benefit analysis, mode 
choose, supply chain and information management, pallet allocation model and algorithm, rental 
pricing, quality control, sustainable development (carbon emissions), etc. We also have proposed 
that there are some topics should be studied in the near future.  

The development of China's pallet pool is quite late, but it has received high attention from the 
Chinese government. As an important innovation of the logistics industry, the development of pallet 
pool has been mentioned in both “The plan of logistics industry restructuring and revitalization” and 
"The long-term plan of logistics industry development (2014 - 2020)". However, the construction of 
pallet pools is never an easy case.  It is suggested that: (1) Chinese government should make a 
deliberate long-term planning for the development of pallet pooling. (2) All the pallet pooling 
modes (rent, exchanging, and transfer of ownership) can be implemented in China. (3) Chinese 
government should promote the use of the 1200mm * 1000mm pallet. (4) It is demanded to take 
academic research into details according to the China's current situation. Education on fostering  
pallet pooling specialists is in urgent need. (5) Chinese government should encourage and offer 
necessary help to the enterprises to engage in the industry of pallet pooling. (6) Chinese enterprises 
should learn mature experiences from the developed countries. They need to take domestic 
situation into account when constructing their own pallet pools. 
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