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Abstract This work aims to study the economic impact of incorporating corporate
social responsibility issues on supply chain design and planning. A mathematical
programming model that allows the optimal design and planning of supply chains
is developed. A social benefit indicator is established where the regional develop-
ment of less developed regions is intended. The supply chain is optimized under
two different objective functions: economic and social. The model is applied to a
case-study developed in collaboration with a Portuguese company, leader in battery
production.
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1 Introduction

There is a growing concern from customers on sustainability issues and govern-
ments are pressuring companies to become more sustainable and achieve a sustain-
able development, so that they can contribute towards the society goal of meeting
the needs of the present without compromising the ability of future generations to
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meet their own needs, as defined by the Brundland Commission (1987). If previ-
ously the concept of sustainability was more environmentally focused, currently the
concept of the triple bottom line is well established and sustainability is considered
to be supported by three main pillars: economic, environmental and social sustain-
ability (Elkington, 2004). However, while significant literature exists regarding the
economic and environmental pillars, the social aspect of sustainability remains un-
accounted for (Seuring, 2013).

New legislation and standards are being introduced as an attempt to fill this gap
in industry. ISO 26000:2010 for example, provides guidance to all types of orga-
nizations, and is intended to encourage them to go beyond legal compliance in the
field of social responsibility. The European Commission itself has demonstrated
concerns on this matter and has recently released the agenda for the 2014-2020
funding period, where the main objective is funding projects that contribute to re-
gional development and job creation (European Commission, 2010). All of these
aspects are leading companies to look for ways to move towards a more sustainable
state. Hence, there is a clear need for research in this field and tools to evaluate the
impacts such strategies would have on the company’s performance.

This work takes a step forward in this direction and aims to provide a method-
ology for companies to study how they could in fact go beyond legal compliance,
namely towards the contribution to regional development, and what would be the
economic impact of such actions. A mathematical programming model is devel-
oped for the design and planning of supply chains, along with a social benefit indi-
cator that promotes the economic growth of the less developed regions. The model
is applied to a case study where the supply chain of a Portuguese battery producer
and distributor is optimized under different objective functions: an economic and a
social one.

This paper is structured as follows. In section 2 the problem is defined and the
developed model is characterized. Section 3 describes the case study and the results
obtained. Section 4 presents conclusions and future work.

2 Problem definition

The problem here addressed aims at determining the supply chain structure and the
planning decisions that minimize costs and the ones that maximize social benefit.
The problem is modeled through a Mixed Integer Linear Programming (MILP) that
uses a graph approach for the design and planning of closed loop supply chains. The
decisions at the design level are taken for a given time horizon (e.g. 5 years). This
time horizon is divided in time periods (e.g. months) in which demand and return
values must be satisfied. Detailed planning on attaining this satisfaction is given by
the model. The economic performance of the supply chain is measured through the
costs involved, as described in equation (1).
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The first term gives the fixed costs of each entity (c fi) controlled by the binary
variable Yi which equals 1 when entity i is opened. The second term corresponds to
the costs of raw materials where csmit represents the unit cost of product m acquired
in entity i for period t, and Xmi jt is a continuous variable for the amount of product
m served by entity i to entity j at time t. The third term concerns the costs of trans-
portation which is performed by the company’s fleet, and depends on parameters
such as vehicle consumption, fuel price and vehicle maintenance. The fourth term is
related to outsourced transportation, which varies with contracted costs (per kg.km),
the amount of units transported and the kilometres travelled. The fifth term repre-
sents the costs of product recovery (cpmi). The final term concerns the costs with
human resources (chri) that result from opening a given entity. Regarding the social
component, a social benefit indicator was developed that when maximized favors
entities to be located in less developed regions, as described in equation (2) where
ui represents a regional factor attributing a higher score to less developed regions
(measured through regional statistics of population density), and wi is the number
of jobs created at region i. Additionally to the objective functions a set of constraints
are defined which describe structure and tactical decisions that need to be accounted
to satisfy certain market levels.

SB = ∑
i∈I

uiwiYi (2)

Overall, and shortly, given: a) a possible superstructure for the location of the
supply chain entities, the associated investment costs as well as involved processes;
b) inventory, return and transportation policies and associated costs; c) human re-
sources costs and the social benefit associated to each facility; and d) costumers
demands; the goal is to determine 1) the network structure, 2) the production and
storage levels, and 3) the flow amounts; so as to minimize the total supply chain cost
from one side, and maximize the social benefit from the other.

3 Case study

The model was applied to a case study of a Portuguese lead battery manufacturer
and distributor. This supply chain is composed by a factory in Oeiras (which is not
to be relocated) and 12 rented warehouses in continental Portugal, serving around
2300 customers. The factory also has a storage function. Given the strategic nature
of this work, customers were clustered in 237 groups, according to their munici-
pality. 237 possible warehouses locations are then considered. A maximum number
of 13 warehouses was imposed, according to the company’s strategy. The company
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has a recycling strategy implemented for end-of-life batteries and thus there are
both forward and reverse flows. Regarding distribution, the inbound transportation
is outsourced, while the outbound transportation is performed by the company’s
fleet. All demand is to be fully satisfied. Three different scenarios were studied.
Figure 1 shows the network obtained for each of the considered scenarios: the base
case (A), the minimum cost solution (B) and the maximum social benefit solution
(C). Scenario A shows the 13 warehouses that form the current supply chain of the
company. Scenario B shows that only 7 warehouses are necessary to achieve the
minimum cost solution. In scenario C, 13 warehouses are opened and located in the
less populated regions (darker regions indicate higher population density). These re-
sults are supported by the cost distribution of each scenario, represented in Figure 2
(on the left), where we see that when minimizing cost (scenario B) the model returns
a solution with a cost reduction of 21.5%. This is obtained by reducing the number
of warehouses, compensated by the increase in transportation. With scenario C the
cost increases 44% (compared to scenario B), where an increase in both the number
of warehouses and in transportation is verified. The transportation costs for each
scenario, represented in Figure 2 (on the right), are proportional to the increase in
the secondary distribution.

When looking with detail into the supply planning obtained for each of the sce-
narios it can be seen that, in scenario A (results not shown), Lisboa supplies 19% of
the products, followed by Setúbal (16%) and Porto (12%). In fact the clients with
higher demand are located around these exact regions. In the minimum cost scenario
(Figure 3) it can be seen that the warehouse in Lisboa is responsible for the major
share of supply (more than 40%), since it is closer to the higher demand customers

Fig. 1 Location of warehouses for each scenario: a) base case, b) minimizing cost, and c) maxi-
mizing social benefit. Darker regions indicate higher population density.
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in Setúbal. It is interesting to see that the model preferably uses this warehouse, even
though having the warehouse in Oeiras available with no costs of primary transport.
Viseu and Maia supply the North, and Castro Verde supplies the southern municipal-
ities. Oeiras, Constância and Vila Real play a more secondary role, complementing
the mentioned warehouses.

Finally, and having in mind the objective of maximizing the social benefit as
a goal to pursue within a corporate social responsibility perspective, the optimal
warehouse locations determined for maximum social benefit (scenario C) are as-
sumed. Such network is then studied so as to determine the minimum cost supply
planning. Figure 4 shows the results obtained. Lisboa and Porto are very densely
populated regions. Therefore, when looking to the results of scenario C we see that
these warehouses are replaced and the corresponding demand reallocated. In this
case the importance of Oeiras, the warehouse within the factory, is increased when
compared to the minimum cost solution. Since the warehouses are so distant from
the main clients, the model mostly uses the warehouse in Oeiras (38% of the supply)
to minimize the costs of primary distribution. Alcácer do Sal supports Oeiras sup-
plying the region of Lisboa and Setúbal. Terras de Bouro, Torre de Moncorvo and
Montalegre replace Maia and Vila Real in the supply of the northern clients. Pampil-
hosa da Serra covers the central regions. Having the satisfaction of the demand as
a defined strategic goal – forward flow, it is important to look at how the obtained
networks perform on the reverse flows (results not shown). Whereas in scenario A,
Lisboa collects 19% of the total end-of-life products, followed by Setúbal (16%)

Fig. 2 Supply planning, from the factory to each warehouse, per month, for the minimum cost
scenario (B).
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and Porto (12%), in scenario B Lisboa collects 41% of the total end-of-life prod-
ucts and the warehouse co-located with the factory (Oeiras) collects around 12%. In
scenario C this warehouse gains importance once again and is responsible for about
52% of battery recovery. One aspect that stands out in scenario C is why in several
months, some warehouses are idle. This happens because the structure obtained in
this case does not support a profitable planning as the demand is located far away
from these warehouses. This result opens way to further research on how to improve
this result, achieving a less expensive solution while still increasing the social bene-
fit. Also worth mentioning is that very few units are supplied in some months from
certain warehouses. This happens due to the constraint of having all demand satis-
fied, even if only one unit is to be supplied. In conclusion, although the pursue of a
social benefit under a corporate social responsibility perspective should be targeted,
it is important to have in mind if this can be applied in real terms in the organization.
In the present case the analysis shows that further studies are required and call for
a multiobjetive approach to find a compromise solution amongst the three pillars of
sustainability.

Fig. 3 Supply planning, from the factory to each warehouse, per month, for the maximum social
benefit scenario (C).
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4 Conclusions and future work

This work proposes a mathematical optimization model for the design and planning
of closed loop supply chains that serves as a tool to study the economic impact
of incorporating corporate social responsibility issues in the company strategy. The
model is applied to a case study where the promotion of regional development is
intended. The results show that this strategy alteration translates in a quite differ-
ent supply planning, accompanied by a compromise of the economic performance.
However, room for improvement is identified. As future work, the social benefit in-
dicator should be further refined to incorporate other regional development measures
such as unemployment rate or GDP, and the model further optimized to minimize
results with idle warehouses in the planning horizon. Also, as mentioned above, a
multiobjetive approach should be explored to find a compromise solution within a
sustainable development.
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