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Introduction

 Scope of research

 A reverse logistics network

Figure 1. A reverse logistics network
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Introduction

 Scope of research (continued)

 Multi-period reverse logistics network design
• Determination of the optimal site and capacities of facilities/plants.

• Amount of returns to be disposed, recycled, and remanufactured by third 
parties are determined simultaneously.

• Allow gradual changes in the network structure (i.e., capacity 
expansions).

• Multi-period setting and multi-commodity (with reverse bill of materials).
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Introduction

 Literature review
Table 1. Related articles
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Problem description

 Multi-period reverse logistics network design

 Various features of practical relevance
• A multi-period setting, modular capacities, capacity expansion of facilities, 

reverse bill of materials, minimum throughput at the facilities, variable 
operational costs, finite demand in the secondary market, and a profit 
oriented objective function.

 Objective function
• Maximizing profit (revenues – costs) 

– Revenues: from the recycling centers, from the external remanufacturing
plants, from the secondary market.

– Costs: fixed costs of establishing facilities and capacity modules, operational 
costs, transportation costs, inventory holding costs, and component 
purchasing costs.
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Problem description

 Multi-period reverse logistics network design (continued)

 Decision variables
• When, where, and how many facilities to locate with which capacities.

• When to invest for the capacity expansion for the facilities.

• Amounts of products or components to send to recycling facilities and 
external remanufacturing plants.

• Amount of components to purchase for the remanufacturing plants.

 Main constraints
• Capacities of facilities, minimum throughput, and inventory holding 

capacity.
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Problem description

 Notation
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Problem description

 Mathematical formulation 

Flow balance
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Problem description

 Mathematical formulation (Continued)

Capacity expansion (one module)

(inspection/remanufacturing centers)

Minimum throughput

(inspection/remanufacturing centers)

Operating (end of the planning horizon)

(inspection/remanufacturing centers)

Condition
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A case study

 Washing machines and tumble dryers in Germany

 Washing machines and tumble dryers collected from 40 collection 
centers (cities).

 All of the 40 cities are taken as potential sites for both inspection 
centers and remanufacturing facilities.

 A 5-years planning horizon, two capacity modules (low and high), 
one extra remanufacturing facility with unlimited capacity.

 Used the optimization software CPLEX 11.2.
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A case study

 Computational results

 Co-locating the inspection centers and 
remanufacturing facilities.

Figure 2. A solution of the problem

Figure 3. Capacity installment decisions in the solution
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A case study

 Computational results (continued)

Figure 4. The value of the multi-period model over the 5-year planning horizon.
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A case study

 Computational results (continued)

Table 2. The value of the multi-period model over the 5-year planning horizon.
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Conclusion

 Summary

 Proposed a mathematical programming framework for multi-period 
reverse logistic network design problem.

 Proposed model accommodates several features of practical 
relevance.

 Utilizing the proposed model, instances with realistic sizes can be 
solved to optimality by using a commercial solver.
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