
Author’s Accepted Manuscript

Theimpact of product returns and remanufacturing
uncertainties on the dynamic performance of a
multi-echelon closed-loop supply chain

Li Zhou, Mohamed M. Naim, Stephen M. Disney

PII: S0925-5273(16)30174-8
DOI: http://dx.doi.org/10.1016/j.ijpe.2016.07.021
Reference: PROECO6477

To appear in: Intern. Journal of Production Economics

Received date: 30 October 2015
Revised date: 18 July 2016
Accepted date: 27 July 2016

Cite this article as: Li Zhou, Mohamed M. Naim and Stephen M. Disney,
Theimpact of product returns and remanufacturing uncertainties on the dynamic
performance of a multi-echelon closed-loop supply chain, Intern. Journal of
Production Economics, http://dx.doi.org/10.1016/j.ijpe.2016.07.021

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

www.elsevier.com/locate/ijpe

http://www.elsevier.com/locate/ijpe
http://dx.doi.org/10.1016/j.ijpe.2016.07.021
http://dx.doi.org/10.1016/j.ijpe.2016.07.021


The impact of product returns and remanufacturing uncertainties on the 

dynamic performance of a multi-echelon closed-loop supply chain 

Li Zhou
1
, Mohamed M. Naim

2
, Stephen M. Disney

2 

1
Faculty of Business, University of Greenwich, London, SE10 9LS, UK 

2
Logistics Systems Dynamics Group, Cardiff Business School, Cardiff University, 

Aberconway Building, Colum Drive, Cardiff, CF10 3EU, UK 

Li.Zhou@gre.ac.uk  

NaimMM@cardiff.ac.uk 

DisneySM@cardiff.ac.uk 

 

Abstract 

We investigate a three-echelon manufacturing and remanufacturing closed-loop 

supply chain (CLSC) constituting of a retailer, a manufacturer and a supplier. Each 

echelon, apart from its usual operations in the forward SC (FSC), has its own reverse 

logistics (RL) operations. We assume that RL information is transparent to the FSC, 

and the same replenishment policies are used throughout the supply chain. We focus 

on the impact on dynamic performance of uncertainties in the return yield, RL lead 

time and the product consumption lead time. Two outcomes are studied: order rate 

and serviceable inventory. The results suggest that higher return yield improves 

dynamic performance in terms of overshoot and risk of stock-out with a unit step 

response as input. However, when the return yield reaches a certain level, the classic 

bullwhip propagation normally associated with the FSC does not always hold. The 

longer remanufacturing and product consumption lead times result in a higher 

overshoot and a longer time to recover inventory, as well as more oscillation in the 

step response at the upstream echelons. We also study bullwhip and inventory 
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