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Remanufacturing with Trade-ins under Carbon Regulations

Zhaowei Miao∗, Huiqiang Mao†, Ke Fu‡ , §, Yu Wang∗

April 6, 2016

Abstract

Observing prevalent concerns about the influence of carbon emissions on climate change,

we address the problem of remanufacturing with trade-ins under carbon regulations. We

analyze the optimal pricing and production decisions of the manufacturer under the carbon

tax policy and the cap and trade program. The results show that the introduction of carbon

regulations can promote sales of remanufactured products while reducing the demands of

new products. However, the implementation of carbon regulations has negative impacts on

the manufacturer’s profits. Nevertheless, the manufacturer’s profits can be improved through

deliberately designed government subsidy schemes. We also demonstrate that the government

has the incentive to propose such subsidy schemes because the total emissions can be reduced

under well-designed regulations, but not at the cost of the manufacturer’s profits.
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1 Introduction

Environmentally and socially sustainable operations have sprung up as a heated interest in the operations

management literature in the last decade. In a recent survey paper, Tang and Zhou (2012) point out

that “consumers and governments are pressuring firms to strike a balance between profitability and

sustainability.” Remanufacturing has played an increasingly important role in sustainable operations

because of its significant value in recovering used products. Through replacing or reprocessing used

components from used products to produce “new” ones, remanufacturing can reduce the use of natural

resources and waste in the production process, which helps enhance the environmental performances of

the firms. However, remanufacturing is usually coupled with the problem of recycling used products.

The processing of these used products often leads to waste streams for consumers but expands values

for the manufacturer by remanufacturing or refurbishing. Trade-in programs provide a feasible method

to solve this problem. In a trade-in program, the government offers an additional subsidy to consumers
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