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Abstract: We consider inventory control for an infinite-horizon hybrid manufacturing/remanufacturing 

system with product substitution under stochastic demand and returns. Remanufactured and manufactured 
products are considered as different products having different costs and selling prices as well as separate 

demand streams. Remanufactured products have a higher stock out risk than manufactured products because 

the remanufacturing capacity is dependent on available returns for remanufacture. One way to cope with this 
stock-out risk is to use a downward substitution strategy, under which a manufactured product (i.e. higher 

value item) substitutes for a remanufactured product (i.e. lower value item) in case the latter runs out of 

stock. This problem can be formulated as a Markov Decision Process in order to determine the optimal 

manufacturing and remanufacturing decisions under product substitution. However, the optimal policy has a 
complicated structure. Based on characterization of the optimal policies, we propose intuitive heuristic 

policies that are easy to implement in practice. Then, we develop a heuristic search technique to determine 

the parameter values for these policies in an efficient way. We evaluate the performance of the proposed 
heuristic policies compared to the optimal inventory policy through a real case study involving a spare part 

manufacturer. 
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1.  Introduction 
 

Product recovery, especially remanufacturing, can substantially reduce resource consumption and waste 

disposal, which consequently results in savings in material, energy and disposal costs. Nowadays, many 

manufacturers are collecting products from customers after use due to both environmental regulations and 

concerns as well as the potential economic benefits of product recovery.   

During the early years of the remanufacturing operations, manufacturers gave importance to only savings 

in costs.  Later, when governments made environmental laws and regulations, many manufacturers started to 

incorporate product recovery activities into their manufacturing systems where a significant portion of 

production uses recovered material. The resulting production system is known as recoverable manufacturing 

system or hybrid manufacturing/remanufacturing system. The profitability of operating such systems 

depends on several factors such as the quantity and quality of the product returns, sufficient demand for 
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