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Introduction

 Introduction

 Scope of research
• Closed loop recycling networks for spent batteries.

– Portable batteries command special attention in the field of reverse logistics.

• The worldwide battery market can be roughly divided into three segments.
– Starter batteries and large accumulators for industrial purposes.
– Non-rechargeable (primary) portable batteries.
– Rechargeable (secondary) portable batteries.



Production and Logistics Information Laboratory 4

Introduction

 Introduction

 Scope of research (continued)
• Closed loop recycling networks for spent batteries.

– Collection from the consumer.
– Sorting the collected batteries.
– Recovering valuable components from the sorted fractions by using 

reprocessing techniques.

Figure 1. Main steps in closed loop recycling network

Table 1. Status of taken-back (spent batteries)
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Introduction

 Literature review

 Related articles

Articles Specifications

Van Hillegersberg et al. (2001)
Guide and Van Wassenhove (2003)
Krikke et al. (2003)

Closed-loop supply chains

Fleischmann et al. (1997, 2000)
Fleischmann (2001)

Detailed survey of logistic network designs for
recovering spent products

Rentz et al. (1999) Car starter batteries

Krikke et al. (1999) Copiers

Guide (2000)
Flapper et al. (2002) Rework and remanufacturing
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Closed loop recycling model

 Two-stage facility location problem

 Problem description
• Multi-commodity, multi-stage, capacitated facility location problem.

• The system will require new battery sorting facilities or extensions of the 
existing facilities.

Figure 2. Network structure

 Integrate new battery-sorting facilities at 
new locations.

 Increase the capacities of the existing 
plants (pre-determined capacities).
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Closed loop recycling model

 Two-stage facility location problem

 Decision variables
• Which sorting facilities at which locations to open from a given set of 

potential (additional) locations.

• Which sorting facilities to expand.

 Objective
• Minimize total fixed and transport costs.

 Main constraints
• Capacity constraint (pre-determined capacities).
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Closed loop recycling model

 Notations
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Closed loop recycling model

 Notations (Continued)
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Closed loop recycling model

 Model formulation
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Closed loop recycling model

 Model formulation (Continued)
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Case study for spent batteries

 Recycling networks for spent batteries in Germany

 Defined two scenarios that have different goals.

 Implemented the model in the software package GAMS and solved it 
with a branch and bound algorithm.

Table 2. Two scenarios: recycling networks for spent batteries in Germany
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Case study for spent batteries

 Test results

Table 2. Test results for two scenarios

 Existing sorting plants had to stay in operation.

 The sorting facility in Jever operated at 62 
percent of capacity.

 The other facilities operated at close to capacity.

 The optimal solution suggests including two 
new sorting locations, Jena and Augsburg.

 The optimal solution suggests including two 
new sorting locations, Jena and Augsburg.
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Conclusion

 Summary

 Establishing a closed-loop supply chain for spent batteries that 
combines an optimization model for planning a reverse-supply 
network.

 Results show that almost complete recycling of spent batteries can 
be achieved by transforming the current structure into a modified 
recovery network.
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