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Abstract. The automotive sector operates under the just-in-time (JIT) approach, 

but variations in demand mean that first-tier suppliers generate an accumulation 

of stocks at second-tier suppliers. Second-tier suppliers have a limitation of stor-

age space, reason to limit their production to the size of the warehouse, but always 

attending the first-tier demand plan. A further limitation of the second-tier sup-

plier is the number of empty reusable containers that the first-tier supplier deliv-

ers to the second-tier supplier and that are used to package the injected plastic 

components. The reusable filled containers are returned to the first-tier supplier, 

according to the plastic components demand plan. Thus, a closed-loop logistic is 

carried out between first and second-tier suppliers. This study proposes, from the 

second-tier perspective, a mixed integer linear programming (MILP) model for 

fleet sizing decisions of the cardboard containers in a production system. The 

model determines the number of cardboard containers that second-tier supplier 

has to use when the production is higher than the number of available reusable 

containers. 

 

Keywords: lot-sizing; scheduling; supply chain; mixed integer linear program-

ming; closed-loop supply chain; sustainability. 

1 Introduction  

 An increasing trend for companies is to work towards meeting environmental and eco-

nomic requirements and reducing the environmental and social impact of their activi-

ties. There is also a rapidly growing interest in reusable packaging, such as wooden 

pallets and plastic crates and others. Several companies sell products in packaging that 

can be reused. Returnable transport items (RTI), which represent a specific type of re-

usable packaging material, including pallets, plastic boxes, or containers (air and mar-

itime), are used today in various industries, for example, in the food sector, in the au-

tomotive industry or in the consumer goods industry [1].  

 The use of reusable packaging is justified by the benefits it can generate, such as the 

amortization the price of packaging over its useful life [2]. The literature provides sev-

eral studies showing the environmental benefits associated with reusable containers [3]. 

Glock and Kim [1] argued that the use of reusable packaging materials rather than sin-

gle-use packaging materials has the significant contribution of reducing global CO2 
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emissions from production and transportation, and can significantly minimize the gross 

energy consumption and the waste generation from transportation. 

The difficulty of the reusable container management problem is to have an appropri-

ate supply of empty containers to meet the customer demand. Part of this supply is the 

result of returns of previously issued containers. A challenging factor is that, during the 

lead time, the same container may be emitted, returned, re-emitted, etc. 

The aim of this research is to investigate the production and fleet-sizing of cardboard 

containers decisions of a production system when reusable containers are utilized. This 

model has applicability to the automotive industry, which uses reusable containers to 

protect and transport plastic parts produced by the second-tier supplier and shipped to 

the first-tier supplier. The focus of our model is to determine the optimal levels of pro-

duction and storage rate to minimize the setup times and the quantity of cardboard con-

tainers to be purchased when reusable containers, which are property of first-tier sup-

plier, are insufficient to store the parts produced by the second-tier supplier. 

The structure of the paper is as follows. Section 2 provides an overview of related 

work. Section 3 develop a mixed integer linear programming (MILP) model for Reus-

able Containers Management and contains numerical and negotiation examples. Sec-

tion 4 concludes the article and offers suggestions for future research. 

2 Literature Review 

This section provides a literature review of relevant contributions in the related research 

field. The literature focuses on packaging costs and emissions as a target to optimize 

the use of packaging. Most relevant studies are presented next. Accorsi et al. [4] pro-

poses a mixed-integer linear programming (MILP) model to address the use of reusable 

packaging in the food industry. The model establishes the number of available packag-

ing and forces to meet the demand for packaging over the planning horizon by encour-

aging reutilization and recycling. Rajae et al. [2] presents a MILP model that addresses 

the problem of reusable containers in a reverse supply chain, in a multi-tiered network 

and under a carbon emmision constraint. Goudenege et al. [5] developed a generic 

reverse logistics management model focused on investing in and managing reusable 

packaging at the lowest cost in order to reduce the amount of cardboard used by the 

company under study. Glock et al. [1] examines a supply chain consisting of a single 

supplier and several retailers that use returnable transportation items, such as containers 

or boxes, to facilitate the shipment of products from the supplier to the retailers. The 

paper presents two mathematical models used to determine the cycle time, container 

size, individual retailer order quantities, and shipping sequence with the intention of 

minimizing the average total system costs. Park and Kim [6] present an analytical 

model for fleet-sizing  of containers that are used for the protection (storage of finished 

parts), transportation and storage of parts between a component plant and multiple as-

sembly plants. Atamer et al. [7] analyses the pricing and production decisions of a man-

ufacturer selling a single product when using reusable containers with stochastic cus-

tomer demand, and two supply scenarios are analysed: (1) new containers and (2) con-
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tainers returned by customers. In our paper we consider different characteristics ad-

dressed in the literature, with the novelty that integrates the decisions of production 

scheduling and sequencing to determine the optimal use of reusable containers and 

cardboard containers required to store and send plastic components. The problem mod-

elled adjusts to a real problem that have transmitted to us the first and second-tier sup-

plier of an automotive supply chain.  

3 Problem Definition 

We consider a second-tier supplier that produces plastic components for its assembling 

in the first-tier supplier. The second-tier supplier produces the parts in moulds that are 

assembled on injection machines. The machine setup has a high cost associated; there-

fore, production is constrained by the number of moulds changed in a specific period 

and the amount of periods that the mould must be mounted within the machine. The 

main aim is to minimize the costs of production, storage, and machine setups, without 

incurring in backorders on the first-tier demand plan. Once the second-tier supplier has 

produced the plastic components, according to its optimal production plan. The parts 

produced by the second-tier supplier are sent to the first-tier supplier in reusable con-

tainers, which are of its property. Reusable containers are limited in capacity and num-

ber, when the second-tier supplier produces more parts than he can store in the reusable 

containers, he has to store in temporary cardboard containers, until empty plastic con-

tainers arrive. The use of cardboard containers implies that the second-tier supplier 

must incur handling costs because they must put the parts in the cardboard containers 

and then switch to the reusable containers, in addition the manufacturer must purchase 

the cardboard containers. Fig. 1 shows the closed loop of reusable containers.  

 

Fig. 1. Closed loop of reusable containers scheme. 
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The optimization the second-tier supplier production and scheduling plan, results on 

grouping production in batches and thus having to stock products. If there are sufficient 

reusable containers, the produced parts are storage and wait in the warehouse to be 

delivered to the first-tier supplier, and after a lead time the reusable containers re-cir-

culate and are returned to the second-tier supplier. When there are not sufficient reusa-

ble containers, second-tier supplier stores the parts in the cardboard containers. 

3.1 A MILP Model for Reusable Containers Management 

This study proposes, from the second-tier perspective, a Mixed Integer Linear Program-

ming (MILP) model for the production, lot-sizing, and scheduling of automotive plastic 

components, which takes into consideration the number of reusable containers in cir-

culation throughout the closed-loop logistic. Moreover, the model also determines the 

number of cardboard containers that second-tier supplier has to use when the produc-

tion is higher than the number of available reusable containers. This model allows de-

termining the optimal number of reusable containers that should be bought by the first-

tier supplier in order not to incur in extra costs due to the use of cardboard containers, 

which will increase the price of plastic components produced in the second-tier sup-

plier, compromising the supply chain sustainability. This information is useful for both 

first and second-tier suppliers since with this data both suppliers in the supply chain can 

negotiate the final price of plastic components, which is contractually dependent on the 

number of returnable containers delivered by the first-tier supplier to the second-tier 

supplier. 

 

Table 1. Nomenclature for Reusable Containers Management model 

Index 

t time period index t ∈{1, …, T} 

Data 

ch handling cost of cardboard container 

cb purchase cost of the cardboard container 

cc container capacity 

cs setup cost of preparing tool  

cap warehouse volume storage capacity 

dt demand of containers at period t 

inv0 initial inventory of reusable containers 

dl delay between sending a full reusable container to the first-tier sup-

plier and returning an empty reusable container to the second-tier 

supplier 

invp0 initial inventory of parts 

invec0 initial inventory of empty reusable containers 

invfc0 initial inventory of filled reusable containers (filed of plastic parts) 

nmaxc maximum number of reusable containers 

nct number of mould changes permitted during time period t 

xt number of parts that the machine is able to produce during time 

period t 
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v volume of containers 

Decision variables 

CBNt number of cardboard containers 
INVt inventory of parts at the end of time period t 

IECt inventory of empty reusable containers 
ICFt inventory of filled reusable containers 
NCt number of containers required 
SAt 1 when the mould is set up on machine during period t, 0 when 

mould is set up on machine during period t-1 

St 1 when the mould is set up on machine during period t,  

0 otherwise 

Xnt number of parts to produce during period t 
 

The MILP model formulation for managing the availability of reusable containers in 

automotive plastic components supply chain is represented below. The objective func-

tion minimizes total costs, which comprise setup costs, and investment and handling 

cost of reusable containers. 

𝑀𝑖𝑛 𝑧 = ∑ 𝑐𝑠 · 𝑆𝐴𝑡    

𝑡

+ ∑ 𝑐ℎ ∙ 𝑐𝑏 ∙ 𝐶𝐵𝑁𝑡

𝑡

 (1) 

Subject to:  

 

Sequence and setup constraints 

 

𝑆𝑡 ≤ 1 ∀𝑡 (2) 
𝑆𝐴𝑡  ≥  𝑆𝑡 − 𝑆𝑡−1 ∀𝑡 (3) 
𝑆𝐴𝑡 ≤ 𝑛𝑐𝑡 ∀𝑙, 𝑡, (4) 

 

Constraint (2) guarantees that one or neither mould could be set up in production 

during each period t. Constraint (3) guarantee the first tool setup on the machine in 

period t.  Constraint (4) guarantees the number of tool changes allowed during period 

t. 

 

Production constraint  

 

𝑋𝑛𝑡 <= 𝑆𝑡 · 𝑥𝑡  ∀𝑡 (5) 
 

Constraint (5) determines the number of parts produced during time period t 

 

Inventory constraints 

 

𝐼𝑁𝑉𝑡 =  𝑖𝑛𝑣𝑝0 + 𝑋𝑛𝑡 − 𝑑𝑡 ∗ 𝑐𝑐 ∀𝑡 = 1 (6) 
𝐼𝑁𝑉𝑡 =  𝐼𝑁𝑉𝑡−1 + 𝑋𝑛𝑡 − 𝑑𝑡 ∗ 𝑐𝑐 ∀𝑡 > 1 
𝑁𝐶𝑡 =  𝐼𝑁𝑉𝑡/𝑐𝑐 ∀𝑡 (7) 
𝐼𝐹𝐶𝑡 =  𝑖𝑛𝑣𝑓𝑐0 − 𝑑𝑡 ∀𝑡 = 1 if  𝑁𝑪𝑡 > 𝑖𝑛𝑣𝑒𝑐0  (8) 
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𝐼𝐹𝐶𝑡 =  𝑁𝑪𝑡 − 𝑑𝑡 ∀𝑡 = 1 if  𝑁𝑪𝑡 ≤ 𝑖𝑛𝑣𝑒𝑐0  (9) 
𝐼𝐹𝐶𝑡 =  𝐼𝐹𝐶𝑡−1 + 𝐼𝐸𝐶𝑡−1 − 𝑑𝑡 ∀𝑡 > 1 if  𝑁𝑪𝑡 > 𝐼𝐸𝐶𝑡−1 (10) 
𝐼𝐹𝐶𝑡 =  𝑁𝑪𝑡 − 𝑑𝑡 ∀𝑡 > 1 if  𝑁𝑪𝑡 ≤ 𝐼𝐸𝐶𝑡−1 (11) 
𝐼𝐸𝐶𝑡 =  𝑖𝑛𝑣𝑒𝑐0  ∀𝑡 = 1 if  𝑁𝑪𝑡 > 𝑖𝑛𝑣𝑒𝑐0  (12) 
𝐼𝐸𝐶𝑡 =  𝑖𝑛𝑣𝑒𝑐0 − 𝐼𝐹𝐶𝑡 ∀𝑡 = 1 if  𝑁𝑪𝑡 ≤ 𝑖𝑛𝑣𝑒𝑐0  (13) 
𝐼𝐸𝐶𝑡 =  𝑑𝑡−𝑑𝑙 ∀𝑡 > 1 if  𝑁𝑪𝑡 > 𝐼𝐸𝐶𝑡−1 (14) 
𝐼𝐸𝐶𝑡 =  𝐼𝐸𝐶𝑡−1 − 𝑑𝑡−𝑑𝑙 ∀𝑡 > 1 if  𝑁𝑪𝑡 ≤ 𝐼𝐸𝐶𝑡−1 (15) 
𝐶𝐵𝑁𝑡 = 𝑁𝑪𝑡 −  𝑖𝑛𝑣𝑒𝑐0  ∀𝑡 = 1 if  𝑁𝑪𝑡 > 𝑖𝑛𝑣𝑒𝑐0  (16) 
𝐶𝐵𝑁𝑡 = 0 ∀𝑡 = 1 if  𝑁𝑪𝑡 ≤ 𝑖𝑛𝑣𝑒𝑐0  (17) 
𝐶𝐵𝑁𝑡 = 𝑁𝑪𝑡 −  𝐼𝐸𝐶𝑡−1 ∀𝑡 > 1 if  𝑁𝑪𝑡 > 𝐼𝐸𝐶𝑡−1 (18) 
𝐶𝐵𝑁𝑡 = 0 ∀𝑡 > 1 if  𝑁𝑪𝑡 ≤ 𝐼𝐸𝐶𝑡−1 (19) 
𝑣 ∙ (𝐼𝐸𝐶𝑡 + 𝐼𝐹𝐶𝑡 + 𝐶𝐵𝑁𝑡) ≤ cap ∀𝑡 (20) 
𝑛𝑚𝑎𝑥𝑐 ≥ 𝐼𝐸𝐶𝑡 + 𝐼𝐹𝐶𝑡 + 𝑑𝑡 ∀𝑡 (21) 

 

Constraint (6) defines the inventory level of parts that have not been packaged and 

delivered in a reusable container, i.e., it determines the inventory of overproduction due 

to the batch sizes. Constraint (7) establishes the required number of reusable and card-

board containers needed for packaging plastic parts. Constraints (8 to 11) manage the 

inventory of filled reusable containers and control the allocation of plastic parts to re-

usable and cardboard containers. Constraints (12 to 14) control the inventory of empty 

reusable containers. Constraints (16 to 19) determine the allocation of parts that have 

packaged in cardboard containers, due to there are missing empty reusable containers 

on the second-tier supplier side. It is determined that after a delay time a filled reusable 

container sent to the first-tier supplier is released as empty reusable container to the 

second-tier supplier. Constraint (20) is referred to as the storage capacity constraint, 

which guarantees that the reusable and cardboard container inventory in the warehouse 

in period t is always less than the capacity of the manufacturer's warehouse. Constraint 

(21) limits the number of filled and empty reusable containers, since there is a limited 

number of reusable containers delivered from the first-tier supplier to the second-tier 

supplier. 

Bound and nature variables.  

 

SAt, St   ∈ {0,1} ∀𝑡 (22) 
𝐼𝑁𝑉𝑡 , 𝐼𝐶𝐹𝑡 , 𝐼𝐸𝐹𝑡 , 𝐶𝐵𝑁𝑡 ,  𝑁𝐶𝑡 , 𝑋𝑛𝑡 ∈  ℤ ∀𝑡 (23) 

 

Constraint (20) denotes the binary character of the variables St and SAt. Constraint 

(21) specify the integer character of the variables represented. 

3.2 Numerical Experiment 

The model is formulated in Python and solved with Gurobi. The data in this case study 

has been generated randomly. Table 2 shows the solutions that arrive at one of the gen-

erated instances, in this case we have considered 6 periods, in this scenario as can be 

seen in Table 2 the second level supplier has to use cardboard containers (CBNt) in 
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several periods causing it to incur handling costs. Gurobi takes a few seconds to find 

the optimum solution on a computer configured with 11th Gen Intel(R) Core (TM) i7-

1165G7 @ 2.80GHz processors and 16 GB of RAM.  

Table 2. Results of MILP model for Reusable Containers Management. 

t CBNt IECt IFCt INVt NCt St SAt Xnt 

1 0 1 0 60 15 1 1 32 

2 9 15 0 40 10 1 0 20 

3 0 10 2 60 15 1 0 72 

4 3 13 0 52 13 1 0 44 

5 4 13 0 68 17 1 0 84 

6 6 17 0 76 19 1 0 84 

3.3 Collaboration Scheme 

Figure 2 depicts the process of negotiating the price of plastic components produced by 

the second-tier supplier.  The price of the plastic components is determined by (i) the 

number of reusable containers that the first-tier supplier delivers to the second-tier sup-

plier; (ii) the number of cardboard containers that the second-tier supplier has to buy (if 

the number of empty reusable containers is insufficient to store the plastic components 

produced by the second-tier supplier); (iii) and the costs associated with the plastic 

components production process, setup costs. 
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Fig. 2. Flow chart of negotiation process 

4 Conclusions  

In this paper, we provide an integrated approach to help companies consider options 

when managing their reusable containers. This paper proposes MILP model for opti-

mizing the scheduling of automotive plastic components, which takes into account the 

use of reusable containers that are used for the protection and transportation of finished 

products from a second-tier manufacturer to a first-tier supplier. It also determines the 

number of cardboard containers to be purchased by the second-tier supplier when reus-

able containers are not available, so the second-tier supplier must incur handling costs 

to store the parts in cardboard containers until reusable containers are available. Future 

research lines are led to (i) include in the model the carbon emissions derived from the 

transport of reusable containers; (ii) the consideration of backorders penalization in the 

objective function; (iii) and the algorithm implementation of the proposed collaboration 

scheme, in order to determine the optimal number of reusable containers and the com-

peting price of plastic components.  
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