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a b s t r a c t

Product lifecycle uncertainties in Closed-Loop Supply Chains (CLSCs) are costly and frequently un-
avoidable. So the aim of this paper is to develop efficient flexible long-term capacity planning policy for
CLSCs that considers social responsibility or a supply chain with Reverse Logistics Social Responsibility
(RLSR). This aim is to answer an important research question on how to tackle the lifecycle with its
inherited uncertainty to achieve optimal sustainability dimensions performance. Here, a single-product
System Dynamics (SD) model of the supply chain with RLSR is used. This SD model considers interrelated
sustainability dimensions and adopts the product lifecycle with its inherited uncertainties, such as the
length of the product lifecycle, pattern of the product lifecycle, and residence index. Finally, a mathe-
matical model of the developed policy is constructed and a simplified non-linear multi-objective algo-
rithm is proposed to solve this mathematical model. In addition, Taguchi Design is used to minimize the
number of simulations needed in the numerical experiment. The findings of this study show that the
developed policy could be used to tackle the lifecycle with its inherited uncertainty to optimize the
sustainability dimensions performance. These findings have some limitations, however. The findings
underscore this paper's contribution to the relatively limited but important academic knowledge on
capacity planning development for research on social responsibility issues in CLSCs. In practice, the re-
sults will give managers a better understanding of how to tackle product lifecycle uncertainties in RLSR
and will therefore lead to better capacity planning to achieve optimal sustainability dimensions per-
formance.

& 2017 Published by Elsevier B.V.

1. Introduction

This paper proposes a concept of social responsibility by con-
sidering both company and consumer in the supply chain as en-
tities that are organisms (Caruana and Chatzidakis, 2013; Lozano
et al., 2014). This concept has a close relationship with ISO 26000
(Castka and Balzarova, 2008; ISO, 2015). But unlike ISO 26000,
here the social responsibility focuses on “mutualism”, which re-
presents the balance between the rights and responsibilities of
both company and consumer in the supply chain for sustainability.

Reverse Logistics Social Responsibility (RLSR) is preferred as the
integrated social responsibility activity in supply chains (Sarkis

et al., 2010; Sudarto et al., 2014). RLSR is a type of Reverse Logistics
(RL) that is conducted in the supply chain as a voluntary integrated
social responsibility activity. RLSR involves most actors in the
supply chain who have an impact on social responsibility (Ciliberti
et al., 2008b). RLSR involves both companies and customers in the
supply chain, who need to perform social responsibility due to the
impact of their activities, which influence both the environment
and society (Caruana and Chatzidakis, 2013). In addition, involving
as many actors as possible in the supply chain is critical since
social responsibility performance among actors affects the other
actors’ performances (Cruz, 2013; Formentini and Taticchi, 2014).

For the best of our knowledge, interrelated sustainability di-
mensions can reveal a new drawback compared to classic sus-
tainability dimensions (Seuring et al., 2008). In contrast to classic
sustainability dimensions: independent dimensions of economic,
environmental, and social (Elkington, 1999; Nikolaou et al., 2013),
the interrelated sustainability dimensions (economic, environ-
mental, and social) are not independent but interact with each
other. This feature reveals a new advantage: that by considering
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the trade-off among sustainability dimensions, the interrelated
benefits and disadvantages of each sustainability dimension could
be earned (Sudarto et al., 2016). So in relation to social responsi-
bility in the supply chain, the interrelated sustainability dimen-
sions could give a clear answer to the important question of how
economic return could emerge from social responsibility activity
(Ciliberti et al., 2008a).

Capacity planning in RL, regarding expansion and contraction
of collection and recycling capacities, involves complex issues
(Georgiadis and Athanasiou, 2010). The uncertainty inherited from
the RL due to the variability of a product's usage period, along with
the unknown reusability, the breakdown rate, and the recycling
rate of the used products, makes the decision-making process
about the capacity policies a difficult task to accomplish. This
uncertainty entails a higher risk of shortage of end-of-use product
returns, since supply may vary and the dismantling volume may
turn out to be lower than predicted. This will cause the over-
capacity phenomenon in capacity planning, which, in the long run,
may negatively affect the profitability, especially in high capacity
acquisition conditions (Georgiadis and Athanasiou, 2013). So there
is a close relationship between complex issues in the capacity
planning and product lifecycle; for example, the case of Pack2-
pack shows that capacity planning in the reverse channel of
Closed-Loop Supply Chains (CLSCs) can impact the lifecycle of
product families produced in the forward channel (Georgiadis and
Athanasiou, 2013; Sudarto et al., 2016).

The decision to expand or contract capacity is associated with
important questions that need to be answered, such as when,
where, and how much to expand/contract. However, the capacity
planning in RLSR is more complex than that in common RL. As RL
is a social responsibility activity, the decision to either expand or

contract is now constrained by the existence of a social responsi-
bility fund that is generated from the premium price borne by the
consumers (Hsueh and Chang, 2008; Sudarto et al., 2014). More-
over, in RLSR it is necessary to consider the interrelated sustain-
ability dimensions that affect not only the economic but also the
environmental and social performance. Therefore, the capacity
planning in RLSR becomes much more than a trivial exercise.

The aim of this paper is to develop efficient flexible long-term
capacity planning policy for RLSR by using the system dynamics
(SD) approach. The model is single-product. Fig. 1 shows the flow
diagram of the methods used in this paper. The SD approach is
used since the supply chain under this study is complex and the
system under study is dynamic and limited by feedback. So, SD is
preferred compared to optimization to avoid the occurrence of
infeasible solutions (Hsueh, 2014). The term “efficient” refers to the
allocation of a limited social responsibility fund (Sudarto et al.,
2014), while the term “flexible” refers to the adaptability (Bai and
Sarkis, 2013; Georgiadis and Athanasiou, 2013) to tackle the life-
cycle with its inherited uncertainty. So, the efficient flexible ca-
pacity accommodates the need to become adaptable to un-
certainty with a limited social responsibility fund. Here, the de-
veloped capacity planning policy works together with the social
responsibility level policy (Hsueh and Chang, 2008; Sudarto et al.,
2014). The considered inherited uncertainties include the product
Lifecycle length (L), its return Patterns (P), and the Residence Index
(RI) (Georgiadis et al., 2006). Last, the interrelated sustainability
dimensions performance is measured to find out the policy im-
pacts. This part of study will answer the important question of
how to tackle the lifecycle with its inherited uncertainty for op-
timal sustainability dimensions performance. In addition, the Ta-
guchi design of experiment is used (Antony, 2003; Ramachandran

Fig. 1. The flow diagram of methods.
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