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The purchase of food shipping containers and transportation costs account for 

a significant portion of the total cost of food transportation. By using returnable 

containers, the cost of purchasing new ones can be reduced. But at the same 

time, transportation costs increase due to the added reverse flow. Therefore, 

whether implementing a closed-loop logistics for returnable food shipping 

containers improves a company's financial performance is unclear. This 

research constructed two models to compare the results of them through four 

scenarios and gain insight on the impact of returnable containers used in the 

supply chain. Both objective functions are minimizing the total cost. Decision 

variables were set based on forward/reverse flow and echelon. The result 

turned out that the total cost of returnable model exceeds the total cost of 

disposal model by at least 20%, so a disposal waste tax on non-returnable food 

shipping containers is needed to improve the competitiveness of returnable 

containers. The purchase price of small containers has a decisive impact on the 

difference between the total costs of the two models. A critical value (q) was 

generated in each case. When the price of a small container is less than q, the 

total cost of the returnable model exceeds the total cost of the disposal model, 

and vice versa. The network designed in this research is different from other 

related articles. Future research could consider social and environmental 

dimensions. 
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1. Introduction 
Compared with the transportation of other items, the requirements of food 

transportation are extremely high. Each type of food has its requirements for temperature 

and humidity (Food Standards Australia & New Zealand, 2021). Due to their short life cycle, 

perishability, and appearance requests made by customers, transporting them requires 

special conditions and equipment. Expensive assets such as refrigerators, plastic boxes, 

pallets, incubators, etc. are used as food containers during transportation (Food Standards 

Australia & New Zealand, 2021; Tornese et al., 2021). After the food is taken out, these 

containers are out of function and face the situation of being discarded. However, the costs 

of these returnable food containers are high, and if they are only used once, it is a huge 

loss and waste for both the product itself and the manufacturer (Schuermann & Woo, 

2022). In addition to economic reasons, improper disposal of these containers can also 

harm the environment (Accorsi et al., 2022; John et al., 2018). These are why reverse 

logistics is required. Reverse logistics is a type of supply chain management that re-directs 

goods that are not needed by customers back to sellers or manufacturers (Jekins, 2021).  

In many cases, logistics networks are designed for forward logistics activities 

without considering the reverse flow of returned products. However, the configuration of 

the reverse logistics network has a great impact on the performance of the forward 

logistics network since they share many resources, for example, transport and warehouse 

capacity. Since designing forward and reverse logistics separately leads to sub-optimal 

design in terms of cost and service level, the design of forward and reverse logistics 

networks should be integrated (Pishvaee et al., 2010; Verstrepen et al., 2007; Lee & Dong, 

2008). 

How to make returnable food containers positively impact the performance of the 

supply chain is a growing topic. It is one of the most essential strategic decisions in supply 

chain management. Decisions on the number, location, and capacity of facilities, and the 

quantity of flow between them affect costs. Effective and efficient network design can 

constitute a sustainable competitive advantage for companies (Meepetchdee & Shah, 2007; 

Pishvaee et al., 2010). A study by Schuermann & Woo (2022) shows the benefits of 

returnable containers and people's willingness to use them. Ferretti et al. (2018) and 

Goellner & Sparrow (2014) discuss the use of returnable food containers in the cold chain. 

However, these potential benefits are offset by various potential cost items, such as the 

initial investment in returnable assets and the additional shipping cost of empty containers. 

Therefore, it is unclear whether the implementation of a closed-loop supply chain for 

returnable food containers during transportation improves the financial performance of 

companies or not. This research will explore the economic effect of using returnable assets 

in food supply chains. 

The objective of this research is to compare the structure and performance of two 

systems (returnable vs. disposal) by literature study and making mixed integer linear 

programming (MILP) models. The reason why the comparison of the two models was 

designed was to have a control group for the results of the returnable system, to see how 

the results of the two systems differ in the same situation, and to further understand the 

impact of returnable assets on the supply chain. According to the design of the two 

systems, both have reverse flow for big containers, only the flow for small containers is 

different. This is because big containers are too costly in the disposal system if they are 

used only once. 

The main research question is: 

How do returnable assets influence the structure and performance of the supply 

chain? 

The sub-questions are: 

1) What kind of food containers can be returned and what are their properties? 

2) How to construct a network design model for returnable food containers? 

3) What are the insights about the optimum structure of the supply chain? 

This research considers a 3-echelon network with forward and reverses flows, 

production/recovery centers, distribution/inspection centers, customer areas, and 

container suppliers. The capacities of distribution/inspection centers are considered as well 

as known demands for the customers. The network is designed in a centralized manner. 
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Both fixed and variable costs are incurred by the central planning body. The size of the 

food container has an impact on transportation costs. Facility capacity, transportation 

amount, and location are three important factors that can cause differences in network 

performance. The objective of the model is to minimize costs. 

The thesis is structured as follows: in Section 2, a review of the relevant literature 

is presented. The methodology, research design, and data description are described in 

detail in Section 3. Section 4 presents the returnable food containers’ properties, while the 

constructed model designed for returnable food containers during shipping is shown in 

Section 5. The analysis of computational experiment results is indicated in Section 6. 

Section 7 provides critical discussions and conclusions about the comparison of the 

difference between the structure of this supply chain with and without returnable food 

containers. Finally, limitations and future research are included in Section 8. 

 

2. Literature review 
When searching for relevant literature, different combinations of core concepts and 

their synonyms were made (Table 1). The combinations were searched on Scopus, WUR 

Library, and Google Scholar. 

Table 1 Core concepts of the research and their synonyms 

Core concepts Synonyms 

Returnable Reusable, Recycle 
Food container Food packaging, Shipping container/packaging, Transportation 

packaging 
Network design Supply chain design, Logistics design  

Closed-loop Integration/Combination of reverse logistics and forward logistics 

 

Figure 1 shows after searching through keyword combinations, how articles are 

further screened. Language (English), publication year (after 2000), title, abstract, and 

research questions play important roles. The scientific literature or business articles finally 

adopted are closely related to this research. 

 
Figure 1 Screening process for literature searched 

Sub-question 1 addresses what kind of containers can be called returnable food 

containers in this study. It locates and complements the overall research context. Sub-

question 2 is the most important part of the research. It refers to articles with network 

design models to get insight on how to construct models this research needs. 

The main references for this research are indicated in Table 2. There are articles 

about returnable food containers (used in supermarkets or homes), shipping containers, 

and other reusable products. However, there is a lack of articles, especially about 

returnable food containers during shipping. All related research is at a strategic level. The 

constructed model of this research integrates forward logistics and reverse logistics, which 

is a closed-loop network design model at a strategic level. A complete table of literature 

reviews related to model construction is shown in Appendix A. 
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Table 2 Review of literature related to returnable containers/packaging 

 
 

This study focuses on the construction of a network design model for returnable 

food containers during shipping and explores how returnable assets affect the optimal 

structure of the supply chain. Figure 2 presents the network conceptual model of this 

research. The numbers of production/recovery centers, distribution/inspection centers, 

customer areas, and container suppliers are not fixed (input for the model). 

                         
Figure 2 An integrated forward/reverse logistics network (Modified from Pishvaee et al., 2010) 

 

3. Methodology, research design, and data description 
Since there are big differences in the capacity and price of different sizes of food 

shipping containers, in the two models constructed in this research, the containers are 

divided into two types: big containers and small containers. As shown in Figure 2, in the 

forward flow, returnable food containers are transported from the production centers to 

the customer areas with the product through the distribution centers to meet the needs of 

each customer. In the reverse flow, returned containers are collected at 

distribution/inspection centers. From production centers to distribution centers, only big 

containers are shipped. From distribution centers to customer areas, only small containers 

are shipped. The same holds for the reverse flow.  

The reason for this setup is to simplify the model. Although the total customer 

demands flow in the first echelon and the second echelon are the same, the number of 

facilities in the first echelon is less than those in the second echelon, in other words, more 

products are transported from one place to another in the first echelon. Therefore, set big 

containers transport in the first echelon and small containers transport in the second one. 

After testing, small containers stay in distribution/inspection centers. Big 

containers are shipped back to production centers. End-of-life containers are shipped back 

to container suppliers. New containers are replenished by container suppliers. When 

container suppliers provide new containers, big containers and small containers are first 

delivered to the distribution centers. Then the big new containers return to the production 

centers together with the returning ones. The small new containers go to the customer 

areas along with the original ones stored in the distribution centers. Since these containers 

are not necessarily 100% returned during the reverse flow, there is a possibility of missing 

containers. Therefore, the container suppliers also need to make up this part when 

providing new containers. 
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With this strategy, the over-transportation of returnable containers that are no 

longer usable can be prevented. The container suppliers will add new containers to the 

production centers and distribution centers according to the loss in the cycle, so there is 

no need to worry about running out of containers. This network is a closed-loop logistics 

network since the returnable containers are inserted into the forward network and 

considered the same as the new one. 

MILP model was applied. We created a model applicable to the research project by 

referencing existing models in the relevant literature. Computational experiments were 

performed to answer what are the differences between a situation with returnable assets 

and one without returnable assets. The realistic numbers (such as purchasing cost, 

operational cost, transportation cost, etc.) were brought into the model and calculated in 

the software (FICO Xpress). FICO Xpress software is a platform for developing optimized 

solutions, which provides many sophisticated and robust optimization algorithms. Among 

the solvers dealing with MILP problems, FICO Xpress ranks among the best (Jablonský, 

2015). 

 

4. Properties of returnable food containers during shipping 
The food industry is increasingly interested in developing efficient and innovative 

solutions for quality assurance and sustainable distribution. One of the main factors 

influencing these critical aspects is packaging (Battini et al., 2016). According to Reusable 

Packaging Association (2020), a growing number of companies are investigating the costs 

and benefits of returnable transport packaging in their supply chains. Some of the benefits 

that companies hope to realize when using returnable food containers during shipping are 

reduced consumption of valuable resources, more efficient handling, and better protection 

of goods during transport (Iassinovskaia et al., 2017). 

Food containers can protect food from physical, chemical, and biological external 

influences (Homestratosphere, 2018). They can be classified as disposable and 

reusable/returnable. The division of common types of food containers during 

transportation are pallets, boxes, totes, and refrigerated containers (Table 3). These 

simple containers support the transportation and storage of food products and facilitate 

the development of efficient standardized product handling and logistics systems used 

worldwide (Tornese et al., 2021; Mollenkopf et al., 2005). 

Pallets, boxes, and totes are small containers. Refrigerated containers are big 

containers. For the same type of containers, the two biggest differences between different 

materials are reflected in the price and loading capacity. Whether it can be stacked has an 

impact on transportation costs. Foldability may have implications for reverse logistics. 

Common sizes and average prices for different types of returnable food containers during 

shipping are listed in Table 3. 

Table 3 Different types of food shipping containers 

 
 

5. The network design model for returnable food containers during 

shipping 
This section presents and explains the model with returnable food containers (5.1) 

and the model with disposable food containers (5.2), respectively. Notations used in the 

formulation of the two models are indicated in Tables 4, 5, and 6. 
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Table 4 Sets and indices 

 
Table 5 Decision variables 

 
‘X’ for the forward flow, ‘Y’ for the reverse flow; 

‘1’ for the first echelon, ‘2’ for the second echelon, ‘3’ for the third echelon; 
‘b’ for big containers, ‘s’ for small containers. 

 
Table 6 Parameters 

 
 

5.1 Model with returnable food containers: Model-R 

The model constructed in this research is a single-period model, assuming that 

every period repeats itself. Before presenting the proposed mathematical model, we first 

provide a verbal description of the model as follows. 

Minimize costs 
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= fixed cost + operating cost + transportation cost + container suppliers handling         

fee (disposal cost + purchase cost for new containers + transportation cost for new 

containers) 

 

Subject to: 

• Meet customer areas' demand 

• Containers should be returned 

• Capacity constraints 

• Flow balance constraints 

 

According to the notations (Tables 4, 5 & 6), the network design problem for 

returnable food containers during shipping can be calculated as follows: 

 

Min W1=∑ 𝑐𝑓𝑑𝑑 ∗ 𝑍𝑑+∑ ∑ 𝑐𝑜𝑑𝑐𝑑 ∗ 𝑋2𝑑𝑐 

         +∑ ∑ 𝑐𝑡𝑏 ∗ 𝑑𝑝𝑑 ∗ (𝑋1𝑝𝑑 + 𝑌1𝑑𝑝)𝑑𝑝 +∑ ∑ 𝑐𝑡𝑠 ∗ 𝑑𝑑𝑐 ∗ (𝑋2𝑑𝑐 + 𝑌2𝑐𝑑)𝑐𝑑  

         +∑ ∑ 𝑑𝑑𝑢𝑢𝑑 ∗ (𝑐𝑡𝑏 ∗ 𝑌3𝑏𝑑𝑢 + 𝑐𝑡𝑠 ∗ 𝑌3𝑠𝑑𝑢)  
         +∑ ∑ (𝑐𝑑𝑏𝑢 ∗ 𝑌3𝑏𝑑𝑢 + 𝑐𝑑𝑠 ∗ 𝑌3𝑠𝑑𝑢)𝑑  

         +∑ ∑ 𝑑𝑑𝑢𝑢 ∗𝑑 (𝑐𝑡𝑏 ∗ 𝑋3𝑏𝑢𝑑 + 𝑐𝑡𝑠 ∗ 𝑋3𝑠𝑢𝑑) 
         +∑ ∑ (𝑐𝑝𝑏 ∗ 𝑋3𝑏𝑢𝑑 + 𝑐𝑝𝑠 ∗ 𝑋3𝑠𝑢𝑑𝑢𝑑 )                                                                        (1) 

 
∑ 𝑋2𝑑𝑐𝑑 = 𝑑𝑒𝑚𝑐 , ∀ 𝑐                                                                                                   (2) 

 
∑ 𝑌2𝑐𝑑𝑑 = 𝑟𝑟𝑠𝑐 ∗ 𝑑𝑒𝑚𝑐  , ∀𝑐                                                                                              (3) 

 
∑ 𝑌1𝑑𝑝𝑝 = 𝑟𝑟𝑏𝑑 ∗ ∑ 𝑋1𝑝𝑑𝑝  , ∀𝑑                                                                                         (4) 

 

𝑟𝑐 ∗ ∑ 𝑋1𝑝𝑑𝑝  = ∑ 𝑋2𝑑𝑐𝑐  , ∀ 𝑑                                                                                          (5) 

 
∑ 𝑌3𝑏𝑑𝑢𝑢 = 𝑟𝑑𝑏 ∗ ∑ 𝑌1𝑑𝑝𝑝  , ∀𝑑                                                                                        (6) 

 
∑ 𝑌3𝑠𝑑𝑢𝑢 = 𝑟𝑑𝑠 ∗ ∑ 𝑌2𝑐𝑑𝑐  , ∀𝑑                                                                                          (7) 

 
∑ 𝑋3𝑏𝑢𝑑𝑢 = ∑ 𝑋1𝑝𝑑𝑝 − ∑ 𝑌1𝑑𝑝𝑝 + ∑ 𝑌3𝑏𝑑𝑢𝑢  , ∀𝑑                                                                   (8) 

 
∑ 𝑋3𝑠𝑢𝑑𝑢 = ∑ 𝑋2𝑑𝑐𝑐 − ∑ 𝑌2𝑐𝑑𝑐 + ∑ 𝑌3𝑠𝑑𝑢𝑢  , ∀𝑑                                                                    (9) 

 
∑ 𝑋2𝑑𝑐𝑐 ≤ 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦𝑑 ∗ 𝑍𝑑  , ∀ 𝑑                                                                                        (10) 

 
∑ 𝑌2𝑐𝑑𝑐 ≤ 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦𝑑 ∗ 𝑍𝑑 , ∀ 𝑑                                                                                        (11)  

 
∑ 𝑌2𝑐𝑑𝑐  - ∑ 𝑌3𝑠𝑑𝑢 ≥ 0𝑢  ,∀ 𝑑                                                                                         (12) 

 

𝑍𝑑  ∈ {0,1}  , ∀ 𝑑                                                                                                       (13) 

 

𝑋1𝑝𝑑, 𝑋2𝑑𝑐 , 𝑌2𝑐𝑑 , 𝑌3𝑏𝑑𝑢 , 𝑌3𝑠𝑑𝑢 , 𝑌1𝑑𝑝 , 𝑋3𝑏𝑢𝑑 , 𝑋3𝑠𝑢𝑑 ≥ 0  𝑖𝑛𝑡𝑒𝑔𝑒𝑟 , ∀ 𝑝, 𝑑, 𝑐, 𝑢                               (14) 

 

The objective function (1) minimizes the total costs including fixed opening costs, 

operating costs, transportation costs, disposal costs, and purchase costs for new 

containers. Constraint (2) ensures that all customer needs are met. Constraints (3) and 

(4) ensures the returned food containers from all customer areas are collected according 

to the return rate. Equation (5) shows the conversion from big containers to small ones 

and shows the flow balance at distribution centers. Equations (6)-(9) calculate not only 

the quantity of disposed food containers according to the disposal rate but also the number 

of new containers provided by the container suppliers. Constraints (10) and (11) are 

capacity constraints on distribution centers. Constraint (12) assures that the quantity of 

disposed small containers does not exceed the quantity returned to the distribution centers. 
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Finally, the corresponding decision variables are enforced to have restrictions on binary 

and non-negativity. These are indicated in constraints (13) and (14). The constraints listed 

above also prohibit the units of containers, returned containers, and end-of-life food 

containers from being shipped to closed facilities. 

 

5.2 Model without returnable food containers: Model-D (disposable containers) 

The goal of this model is the same as the one with returnable containers, which 

seeks the lowest costs for the company. The logic and elements that the two models 

contained are roughly the same. The only difference is that big containers are in the cycle, 

but small containers are single-use. There is no reverse logistics for small containers in 

this model, only forward logistics. For each new period, completely new small containers 

are purchased for shipping. 

 

Min V1=∑ 𝑐𝑓𝑑𝑑 ∗ 𝑍𝑑+∑ ∑ 𝑐𝑜𝑑𝑐𝑑 ∗ 𝑋2𝑑𝑐 

         +∑ ∑ 𝑐𝑡𝑏 ∗ 𝑑𝑝𝑑 ∗ (𝑋1𝑝𝑑 + 𝑌1𝑑𝑝)𝑑𝑝 +∑ ∑ 𝑐𝑡𝑠 ∗ 𝑑𝑑𝑐 ∗ 𝑋2𝑑𝑐𝑐𝑑  

         +∑ ∑ 𝑑𝑑𝑢𝑢𝑑 ∗ 𝑐𝑡𝑏 ∗ 𝑌3𝑏𝑑𝑢 

         +∑ ∑ 𝑌3𝑏𝑑𝑢 ∗ 𝑐𝑑𝑏𝑢𝑑  

         +∑ ∑ 𝑑𝑑𝑢𝑢 ∗𝑑 𝑐𝑡𝑏 ∗ 𝑋3𝑏𝑢𝑑 

         +∑ ∑ 𝑋3𝑏𝑢𝑑 ∗ 𝑐𝑝𝑏𝑢𝑑 +∑ ∑ 𝑋2𝑑𝑐 ∗ 𝑐𝑝𝑠𝑐𝑑                                                                     (15) 

 
∑ 𝑋2𝑑𝑐𝑑 = 𝑑𝑒𝑚𝑐  , ∀𝑐                                                                                                   (16) 

 
∑ 𝑌1𝑑𝑝𝑝 = 𝑟𝑟𝑏𝑑 ∗ ∑ 𝑋1𝑝𝑑𝑝  , ∀𝑑                                                                                      (17) 

 

𝑟𝑐 ∗ ∑ 𝑋1𝑝𝑑𝑝 = ∑ 𝑋2𝑑𝑐𝑐  , ∀𝑑                                                                                            (18) 

 
∑ 𝑌3𝑏𝑑𝑢𝑢 = 𝑟𝑑𝑏 ∗ ∑ 𝑌1𝑑𝑝𝑝  , ∀𝑑                                                                                           (19) 

 
∑ 𝑋3𝑏𝑢𝑑𝑢 = ∑ 𝑋1𝑝𝑑𝑝 − ∑ 𝑌1𝑑𝑝𝑝 + ∑ 𝑌3𝑏𝑑𝑢𝑢  , ∀𝑑                                                                      (20) 

 
∑ 𝑋2𝑑𝑐𝑐 ≤ 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦𝑑 ∗ 𝑍𝑑  , ∀ 𝑑                                                                                     (21) 

 

𝑍𝑑  ∈ {0,1}  , ∀ 𝑑                                                                                                         (22) 

 

𝑋1𝑝𝑑, 𝑋2𝑑𝑐 , 𝑌3𝑏𝑑𝑢 , 𝑌1𝑑𝑝 , 𝑋3𝑏𝑢𝑑 ≥ 0  𝑖𝑛𝑡𝑒𝑔𝑒𝑟 , ∀ 𝑝, 𝑑, 𝑐, 𝑢                                                        (23) 

 

The objective function (15) minimizes total costs, including fixed opening costs, 

operating costs, transportation costs, and procurement costs for new containers. 

Constraint (16) ensures that all customer needs are met. Constraint (17) shows the 

quantity of returned big food containers collected from distribution centers based on the 

return rate. The conversion from large to small containers as well as the distribution 

center's flow balance is indicated in equation (18). Constraints (19) and (20) calculate the 

quantity of disposed and newly purchased big food containers. Constraint (21) is a capacity 

constraint on the distribution center. Constraints (22) and (23) show the corresponding 

decision variables are forced to impose constraints on binary and non-negativity. 

 

6. Comparison of the two models in four scenarios 
In this chapter, we present insights into the structure and performance of the 

supply chain by comparing the results of Model-R and Model-D in four scenarios. Four 

sections are developed around the results in the four scenarios.  

Section 6.1 indicates the general situation (receiving, delivery, return, and 

purchase) of big and small containers under different distribution centers (DCs) when the 

return rate is 100% in four cases. After running both models, we found that changing the 

transportation cost has no explorable effect on the minimum total cost, but the purchase 

price of small containers does. All data analysis is constructed with a return rate of 100%.  
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In Section 6.2, three types of comparisons were used to compare the total costs of 

the two models. To facilitate the observation of trends in different scenarios, the ordinate 

of each type of comparison is unified: 

1) Purchase price for big containers changes, price for small ones remains 

2) Purchase price for small containers changes, price for big ones remains 

3) Purchase price for both containers changes 

Section 6.3 discusses the critical value for the purchase price of small containers 

when the total cost of Model-D exceeds the total cost of Model-R. Section 6.4, proposes a 

waste disposal tax on non-returnable food shipping containers, making the total cost of 

the Model-D higher than the total cost of the Model-R.  

The reason why the four scenarios are arranged is to make computational 

experiments more diverse. s1 compares whether the optimal solutions of the two models 

are the same when the total demand of customers is less than the capacity of the nearest 

DC when a small number of facilities and customers exist. s2 changes the capacity of the 

DCs based on s1 so that the total demand of customers exceeds the capacity of the nearest 

DC. s3 adds a DC and a container supplier next to a customer that is far away from the 

production centers based on s2. These three scenarios are layered against each other and 

can be observed in how the two models change. s4 is set to see how well the two models 

operate when a larger number of facilities and customers exist. In s1 and s4, the number 

of facilities and customers are chosen randomly. Settings for distance and costs are 

realistic data (Appendix B). Descriptions of the four scenarios are listed in Table 7. Detailed 

data settings are presented in Appendix B.  

Table 7 Information of the four scenarios 

 
  

6.1 General situations of big/small containers in the four scenarios 

Both total costs of Model-R and Model-D consist of four parts:1) fixed cost, 2) 

operating cost, 3) transportation cost, and 4) container supplier cost. Table 8 shows the 

proportion of those elements in the total costs. The reason why such a small scale of fixed 

cost is that DCs’ fixed costs are set from 1500 to 3000 Euros. The price setting of 1500 to 

3000 euros is because models are single-period and calculated monthly. In the 

computational experiment settings, each time a big container is transported, it costs 1000 

Euros, and a small container costs 60 Euros. As a result, in each scenario, more than 99% 

of the total cost is transportation cost. 



9 

 

Table 8 The proportion of the fixed cost, operating cost, transportation cost, and container supplier 

cost in the total cost 

 
 

Figures 3, 4, 5, and 6 indicate the inflows and outflows of the distribution centers 

in Model-R. To check the data conveniently and intuitively, the return rate in the four cases 

is always set to 100%.  

 
Figure 3 The flow of big and small containers in scenario 1-Model-R 

 

 
Figure 4 The flow of big and small containers in scenario 2-Model-R 
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Figure 5 The flow of big and small containers in scenario 3-Model-R 

 

 
Figure 6 The flow of big and small containers in scenario 4-Model-R 

All containers will be returned to distribution centers first, and then the containers 

that need to be disposed of will be screened. Therefore, at a 100% return rate, the total 

number of containers received should be equal to the total number of those sent out. After 

some of the containers are disposed of, the container suppliers will replenish the same 

quantity of new containers to the distribution centers, which means that the total number 

of newly purchased containers is equal to the total number of disposed of containers. 

The more complicated the situation, the more often it will happen that the quantity 

of containers returned to a certain DC is larger than the number of containers sent by the 

DC. This is because the more facilities and customers there are, the larger the database 

of 'distance' factors, and the more options for commodity flow. 

According to Table 9, the optimal solutions of the two models given by FICO Xpress 

are different after running. But that does not mean they cannot be used with each other. 

Since there may be more than one optimal solution, but only one of them will be given by 

the software, further verification is required to confirm that the optimal solutions required 

by the two models are different. The flow of big and small containers in s2 and s4 of Model-

D are presented in Appendix C. 

Table 9 Opened DC in two models 

 
 



11 

 

6.2 Trend in total costs due to changes in the purchase price 

During the calculation, the initial prices of big containers and small containers were 

set at 4500 Euros and 80 Euros. In this case, the total cost of Model-D is more than 65% 

of the total cost of Model-R in all four scenarios (Table 10). 

Table 10 Total costs of Model-R and Model-D at a real-life purchase price of big and small containers 

 
 

The total costs of the two models were compared in the following three cases of 

changing the purchase prices of big and small containers. Since the trends of different 

scenarios are relatively similar in each comparison, only line charts of the total costs in s1 

under the three types of comparisons are placed in the main content. The line charts of 

s2, s3, and s4 are shown in Appendix D.  

In the first case (Figures 7 & 8), the price of the small container is 100 Euros, and 

the price of large containers increases proportionally. Whereas in the second case (Figures 

9 & 10), the price of the large container is 6000 Euros, and the price of small containers 

increases proportionally. In the third case (Figures 11 & 12), the prices of both large and 

small containers changed proportionally. The purchase price of a small container is 0.016 

times that of a big one, which is based on the real-life purchase prices of big and small 

food shipping containers (Table 3). Since whether use the price of a small container or the 

price of a big container as the abscissa will not affect the trend of the total cost, in Figure 

9, the purchase price of the small containers is used for display. 

The total cost of Model-R in all three types of comparisons and the total cost of 

Model-D in type 1 comparison increases with the purchase price of big or small containers, 

but not significantly. This is because expensive big containers do not require a large 

number of purchase costs since they enter the cycle, so they have little impact on the total 

cost. In the other two comparisons, the total cost of Model-D increases sharply with the 

purchase price of the small container.  

 

    
Figure 7 Total costs trend (returnable) when      Figure 8 Total costs trend (disposable) when 

the purchase price for big containers changes    the purchase price for big containers changes 

in scenario 1                                                   in scenario 1 
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Figure 9 Total costs trend (returnable) when       Figure 10 Total costs trend (disposable) when 
the purchase price for small containers changes  the purchase price for small containers changes 
in scenario 1                                                    in scenario 1 

    
Figure 11 Total costs trend (returnable) when      Figure 12 Total costs trend (disposable) when 
the purchase price for both containers changes   the purchase price for both containers changes 
in scenario 1                                                    in scenario 1 

Table 11 was calculated based on Figures 7 to 12 and those figures in Appendix D. 

Calculated by using the slope formula, we find that the total cost trend is always linear 

regardless of the scenario, model type, or comparison type. Since the slope of each model 

is the same in each scenario, the trend is predictable. Table 11 shows that for the same 

model type under the same scenario, the difference in comparison (both changes) = 

difference in comparison (big change) + difference in comparison (small change).  

Table 11 Increase in costs with a unit increase in container price 

 
Definition ‘a unit’: For large containers, the scale of one unit is 3000 Euros. For small containers, 
the scale of one unit is 50 Euros. 

 

6.3 Trend in the purchase price of small containers when the total cost of Model-D exceeds 

the total cost of Model-R 

In both Model-R and Model-D, big containers are returnable, that is, they enter the 

cycle. The only difference is that small containers in the former one enter the cycle, 

however, the latter directly throws away the small old containers and buys new ones. This 
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results in the purchase price of big containers not affecting the total cost difference 

between the two models, while the purchase price of small containers is a decisive factor. 

After calculation, it is found that the purchase price of small containers has a critical 

value (q) in each scenario. When the price of the small container is less than q, the total 

cost of Model-R exceeds the total cost of Model-D; when the price of the small container 

is larger than q, the total cost of Model-R is less than the total cost of Model-D. The critical 

values of the four scenarios are indicated in Table 12. 

Table 12 Critical value q in each scenario 

 
 

6.4 Set a waste disposal tax rate for non-returnable food shipping containers to increase 

the use of returnable food shipping containers 

Model-D does not take into account the cost of waste. But there must be someone 

to pay for the waste of nonreusable assets: the suppliers or the customers. The 

government can set taxes to regulate and further promote the use of returnable assets. 

In this research, it is assumed that the purchase prices of big and small containers used 

in Model-R and Model-D are the same. In other words, the fact that returnable containers 

are more expensive to purchase than non-returnable ones is ignored in this research.  

If we want to fully promote the use of returnable food shipping containers at an 

economic level, that is, the total cost of the non-returnable model is more than the total 

cost of the returnable model, a waste tax should be levied on non-returnable containers. 

When big and small containers are at the daily price (4500 Euros for a big one and 

80 Euros for a small one), the tax rates in the four scenarios are from 20% to 40%. 

However, if we want to promote returnable containers when the tax rate is 0%, then in 

this case it does not depend on the total cost or other factors, but only on the critical value 

of the purchase price of small containers (Table 12).  

Tables 13, 14, and 15 show the tax rate changes in different scenarios under 

different comparisons. With the increase in the purchase price of the containers, the tax 

rates are reduced, but not in an obvious way. 

Table 13 Tax rate in the four scenarios when the purchase price of big containers changes 
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Table 14 Tax rate in the four scenarios when the purchase price of small containers changes 

 
 

Table 15 Tax rate in the four scenarios when the purchase price of both containers changes 

 
 

When the purchase price of small containers remains, the big one increases and 

the purchase price of big containers needs to be extraordinarily big to reach a 0% tax rate 

(Table 16). Raise the price from 3,000 to 300,000, the rate only decreases by 1% - 6% in 

the four scenarios.  

Table 16 Tax rate in the four scenarios when the purchase price of big containers changes (the 
moment when the price of each big container reaches 300,000) 

 
 

7. Discussion & Conclusions 
Sub-question 1 was answered by Section 4. According to Section 4, we know that 

commonly used returnable food shipping containers include pallets, boxes, totes, and 

refrigerated containers. The first three are listed as small containers and the last one is 

listed as big containers in this research. Due to the stackable and foldable nature of small 

containers, there is a possibility that more containers will be sent back on the same route 

than delivered. 

Section 5 solved the question of how to construct a network design model for 

returnable food containers raised by Sub-question 2. To compare the impact of returnable 

food shipping containers on the supply chain network, Section 5 also provides Model-D. 

The difference between Model-R and Model-D is that the big containers and small 

containers in the former are all in the cycle, while in the latter, only the big containers are 

in the cycle, the small ones do not go through reverse logistics. 

Sub-question 3 was settled in Section 6 by showing the insights about Model-R and 

Model-D. Section 6 is performed based on a 100% return rate, a 1% disposal rate for big 

containers, and a 5% disposal rate for small containers. Both return and disposal rates 

have an impact on the total cost as they relate to the quantity of new food shipping 

containers procured. A critical value occurs when only small containers are out of 

circulation. When the purchase price of small containers is higher than this value, the total 

cost of Model-R will always be lower than the total cost of Model-D, no matter how the 
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purchase price of big containers changes. However, the values found for q are super big. 

If no actions are taken, it’s almost always unattractive to use returnable containers. In 

this case, the government shall impose a disposal waste tax on non-returnable food 

shipping containers to increase the attractiveness of the returnable ones. But the tax would 

be enormous because of the big value of q, usually from 20% to 30%.  

Sections 6.3 and 6.4 also tell that the purchase price of the small container is a 

decisive factor for the differences in total costs of the two models. If the government needs 

some reference when setting the waste tax of the non-returnable container, it is possible 

to get some inspiration by calculating the critical value (q) of the small container according 

to this research. 

In network performance, not only is the critical value important but facility capacity 

and location also play essential roles. It is assumed that there is no capacity in the 

production center in this research, which means, as much as is needed can be produced. 

Container suppliers are third-party companies, and there is no capacity setting. Against 

this background, if the capacity of the nearest DC can meet all the needs of customers 

(s1), then this scenario needs the least total cost in all scenarios. However, in a real-life 

situation, the reference value of scenario 4 is the highest among the four scenarios. 

Considering the answers to all sub-questions, the answer to the main question 

emerges. The use of returnable containers or not does not affect the structure and 

performance of the supply chain when there is only one closest DC and the capacity is 

greater than the total customer demand. Since the purchase of containers is the same in 

any scenario, only the cost of transportation and the cost of opening facilities are 

considered. It is cheapest to open only one DC. In that case, using different containers 

only has an impact on the total cost. When the supply chain becomes more complex, the 

decision to use a returnable container or not will have an impact on the number and 

location of open DCs, and the flow of goods to the next level of customers will vary 

accordingly, since returnable containers also need to be considered for backhaul. When 

there are more options, the logistics of returnable containers and disposable containers 

are different if you want to minimize the total cost. However, this idea needs more 

computational experiments to further corroborate cause this research does not verify 

whether the optimal solutions of the two models are interchangeable in the same scenario. 

Although the objective functions of all models listed in the references are to 

minimize the total cost, some of the models in the references contain environmental 

factors (Bortolini et al., 2018; Fleischmann et al., 2001), some are multi-period (John et 

al., 2018), some contain extra facilities and processes (Accorsi et al., 2020; Pishvaee et 

al., 2010). Therefore, the subjects and outcomes are different. The results of this research 

cannot be compared with other articles' results. However, all references, as well as this 

research, acknowledge that the use of returnable assets can reduce the consumption of 

valuable resources, improve handling efficiency, and better protect goods during 

transportation. 

To conclude, the economic appeal of using returnable food shipping containers is 

minimal if there are no external constraints. At this time, the government needs to use 

financial means to tax non-returnable food shipping containers to increase the 

attractiveness of returnable ones. The setting of the tax rate can refer to the critical value 

of the small container. 

 

8. Limitations & future research 
This research explores changes in the supply chain by comparing the returnable 

food shipping containers model and the non-returnable food shipping containers model. 

According to the results observed, we discussed how to set the tax value to make more 

enterprises use returnable food containers for transportation. Since the network designed 

in this research is different from other related articles, it is valuable for companies or 

researchers in need. Companies can use the constructed model to plan transport volume 

and transportation routes. Researchers can extend Model-R to solve more difficult 

situations.  

In this research, several limitations exist. First of all, the first echelon only 

circulates large containers, and the second echelon only circulates small containers. In 



16 

 

reality, in the same echelon, both large containers and small containers can be transported. 

It will not be so strict that only one type of container can be circulated on one echelon. 

Secondly, big containers are returnable in both models, while small containers are divided 

into two types: returnable and disposal. Third, both models constructed in this research 

are single-period, which simplifies those models. Next, the return rate and disposal rate 

may affect the total cost, but in this research, no further discussion was made. In all cases, 

the return rate is set to 100%, the disposal rate of big containers is 1%, and the disposal 

rate of small containers is 5%. Also, the ways of transportation may impact the results, 

but in this research, a truck is the only choice. Furthermore, the scenarios applied by the 

computational experiments in this research are based on real-life data, but they are still 

not real cases. 

 In the future, researchers who want to study returnable food shipping containers 

can try to make a multi-period model which mixes big and small containers. Future 

research has to consider the social and environmental dimensions of how returnable assets 

will further influence the network. If researchers are interested in the return rate, disposal 

rate, or transportation method, they can explore the regular pattern of those three factors 

on returnable food containers in the future. Real cases shall be used to verify whether the 

conclusion obtained in this research is accurate or not.  
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Appendix A Complete table of literature review 
 
Table 17 Complete table of literature review 
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Appendix B Data settings for four scenarios 
 
Table 18 Containers information used in all scenarios 

 
 
Table 19 Facilities information used in scenario 1 
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Table 20 Facilities information used in scenario 2 

 
Table 21 Facilities information used in scenario 3 
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Table 22 Facilities information used in scenario 4-part A 
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Table 23 Facilities information used in scenario 4-part B 
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Appendix C Big and small containers flow in s2 and s4 of Model-D 
 

 
Figure 13 Big and small containers flow in scenario 2-Model-D 

 
Figure 14 Big and small containers flow in scenario 4-Model-D 
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Appendix D Total costs trend in s2, s3, s4 
 

    
Figure 15 Total costs trend (returnable) when      Figure 16 Total costs trend (disposable) when 
the purchase price for big containers changes      the purchase price for big containers changes 

in scenario 2                                                     in scenario 2 

    
Figure 17 Total costs trend (returnable) when      Figure 18 Total costs trend (disposable) when 
the purchase price for big containers changes      the purchase price for big containers changes 
in scenario 3                                                     in scenario 3 

    
Figure 19 Total costs trend (returnable) when      Figure 20 Total costs trend (disposable) when 
the purchase price for big containers changes      the purchase price for big containers changes 
in scenario 4                                                     in scenario 4 

    
Figure 21 Total costs trend (returnable) when      Figure 22 Total costs trend (disposable) when 

the purchase price for small containers changes   the purchase price for small containers changes 
in scenario 2                                                     in scenario 2 
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Figure 23 Total costs trend (returnable) when      Figure 24 Total costs trend (disposable) when 
the purchase price for small containers changes   the purchase price for small containers changes 
in scenario 3                                                     in scenario 3 

    
Figure 25 Total costs trend (returnable) when      Figure 26 Total costs trend (disposable) when 
the purchase price for small containers changes   the  purchase price for small containers changes 
in scenario 4                                                     in scenario 4 

    
Figure 27 Total costs trend (returnable) when     Figure 28 Total costs trend (disposable) when 
the purchase price for both containers changes   purchase price for both containers changes 
in scenario 2                                                    in scenario 2 

    
Figure 29 Total costs trend (returnable) when     Figure 30 Total costs trend (disposable) when 
the purchase price for both containers changes   purchase price for both containers changes 
in scenario 3                                                    in scenario 3 
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Figure 31 Total costs trend (returnable) when     Figure 32 Total costs trend (disposable) when 
the purchase price for both containers changes   the purchase price for both containers changes 
in scenario 4                                                    in scenario 4 


