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A performance measurement framework for
monitoring supply chain sustainability
Verdecho MJ1, Alfaro-Saiz JJ, Rodriguez-Rodriguez R

Abstract In the competitive business environment achieving sustainable supply
chains is an issue that is still to be solved despite its relevance. For that reason,
there are several tools that have emerged in the last years to aid to understand and
support supply chain sustainability. Performance measurement frameworks are
useful tools that aid to collect and monitor the evolution of performance of any organization. However, there are few performance measurement frameworks developed in the literature for that purpose, all of them recently published, and lacking
of a solid structure that aids to define and implement performance measurement
elements in a way that provide an overall evaluation of the sustainability status of
the supply chain. This paper introduces a novel performance measurement system
to fill this research gap.
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1.1 Introduction
Collaboration is one strategy used by enterprises to compete and keep focused on
their own core competencies. For that reason, many enterprises have engaged in
collaborative relationships despite the fact that proper understanding of collaborative implications are often overlooked (Busi and Bititci, 2006; Verdecho et al.,
2009) causing collaborative relationships to fail. In order to gain understanding of
collaborative contexts, many frameworks and models have been developed to
conceptualise the drivers, barriers and effects of collaboration although there are
still numerous issues to be solved (Busi and Bititci, 2006).
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One key aspect of collaborative relationships to be solved is their sustainability.
Seuring and Müller (2008) define sustainable supply chain as ‘the management of
material, information and capital flows as well as cooperation among companies
along the supply chain while taking goals from all three dimensions of sustainable
development, i.e., economic, environmental and social into account which are derived from customer and stakeholder requirements’. Therefore, in sustainable
supply chains all three dimensions are to be fulfilled as well as customer and
stakeholder requirements. There are various factors that push enterprises to accomplish supply chain sustainability such as legal demands/regulation, response to
stake- holders, competitive advantage, customer demands, reputation loss, and environmental and social pressure groups. There is another key factor in the application of sustainable practices that is when a focal enterprise within a supply chain
request to the rest of enterprises to meet environmental and social standards e.g.
the implementation of these practices in the automotive sector. Despite the existence of success cases implementing sustainable practices, reality does not have to
be avoided. Many enterprises have difficulties in the sustainable management of
its own business even recognising the fact that its activity depends on its responsibility with its supply chain partners and stakeholders (Dyllick and Hockerts,
2002). For that reason, it is important the design of tools that aid enterprises to develop and manage supply chain sustainability.
In addition, it is essential to note that supply chain sustainability should be derived from the strategy of the own supply chain. This implies that all the enterprises within the supply chain agree on common objectives and those objectives
are pursued by all the enterprises in their operations. Otherwise, monitoring sustainability dimensions will be an isolated task lacking value to management. Then,
it is necessary to establish mechanisms to deploy the supply chain strategy into
operations as well as to monitoring the sustainability of the whole supply chain,
which can be measured, and therefore, managed through performance measurement elements (objectives, performance indicators, etc.). Thus, it is needed for
those enterprises to define and use a structured performance measurement framework that allows managing performance under various perspectives or dimensions. One of the most important performance frameworks developed in the academic literature and business applications is the Balanced ScoreCard (BSC) by
Kaplan and Norton (1992).
Despite its importance, the BSC present some limitations. One limitation is the
capability to prioritize, weight and consolidate data from performance elements
(Yüksel and Dagdeviren, 2010). In the BSC, once the objectives are defined and
performance data gathered from their indicators, it would be useful to aggregate
such data in order to obtain a global performance evaluation that will show whether the status of the supply chain is sustainable or not. This paper aims to fill this
research gap.
In order to prioritize objectives, it is useful to define weights for the different
objectives which can be stated as a multi-criteria problem involving different actors. In the same vein, structuring and consolidating data may also be solved as a
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multi-criteria problem. Therefore, multi-criteria methods can contribute to the implementation of the BSC.
The purpose of this paper is to present a multi-criteria performance measurement framework for monitoring supply chain sustainability considering the deployment of the strategy from the strategic level to the operations level and allowing an efficient implementation of its performance measurement elements by
introducing an aggregation mechanism that reflects the sustainability status of the
supply chain. With this tool, management of the different enterprises of the supply
chain will obtain an overall prioritisation of their elements so that decision makers
can focus on those elements more relevant for their sustainability and competitiveness.

1.2 Background
Supply chain sustainability is at an initial phase of development (Ageron et al.,
2011). This is probably one of reasons why there is few literature in this field, the
vast majority published in the recent years. Some of these works have exposed
frameworks that aid to conceptualise and classify supply chain sustainability literature such as the works by Seuring and Müller (2008) and Carter and Rogers
(2008). Other works present models for evaluating some aspects of supply chain
sustainability such as supplier selection (Bai and Sarkis, 2010) or the selection of a
supply chain configuration (Sarkis, 2003). In fact, most of these works only consider economic and environmental sustainability and the social dimension has
barely been considered (Seuring and Müler, 2008).
Regarding the main focus of this paper, few works deal with the development
of performance measurement frameworks for supply chain sustainability. In fact,
there are several key characteristics that these frameworks need to fulfil in order to
achieve an efficient supply chain sustainability management. First, the performance elements should be derived from the strategy of the supply chain so that the
tool supports management of the supply chain enterprises towards the achievement of common objectives. Second, it should provide a methodology that aids to
define the necessary steps to be followed to achieve an adequate implementation.
Third, it must provide a global performance evaluation that will show whether the
status of the supply chain is sustainable or not. These three key characteristics are
the basis for analyzing the few performance measurement frameworks for supply
chain sustainability (only four works) encountered in the literature as follows.
Erol et al. (2011) presents a fuzzy multi-criteria framework for measuring sustainability performance of a supply chain. Büyüközkan and Berkol (2011) propose
a method to design a sustainable supply chain using an integrated analytic network
process and goal programming approach in quality function deployment. Hassini
et al. (2012) present a performance framework for sustainable supply chain management. However, these frameworks do not consider the strategy of the supply
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chain or include an aggregation method to provide a global analysis of supply
chain sustainability.
There is only one work, Cetinkaya et al. (2011), that considers the deployment
of the strategy of the supply chain into operations. The authors expose a performance measurement system based on the BSC for managing supply chain sustainability. In this case, the framework considers the strategy of the supply chain but
lacks of mechanisms to prioritize and weight the objectives defined as well as to
evaluate the global status of supply chain sustainability.
The purpose of the next section is to introduce a multi-criteria performance
measurement framework that meets all three key characteristics mentioned above.

1.3 The multi-criteria performance measurement framework for
monitoring supply chain sustainability
In Verdecho et al. (2010a), the COL-PMS framework for managing performance
within collaborative contexts is presented. The COL-PMS framework is an integrated and solid PMS structure based on the BSC for inter-organizational relationships composed by five perspectives (financial, customer, processes, innovation
and learning and collaboration perspectives), the first four perspectives are the
original ones of the BSC and the fifth perspective is oriented to manage the collaboration aspects (coordination, trust, information sharing, etc.). However, its
structure lacks of performance elements to monitor two important dimensions of
sustainability: environmental and social dimensions. Thus, the starting point of our
work has been to extend the COL-PMS framework to introduce these two dimensions. Then, the framework has been complemented with a methodology that aids
to implement the performance measurement framework by using the multi-criteria
method the Analytic Hierarchy Process (AHP). AHP, developed by Saaty (1980),
aims at integrating different measures into a single assessment for ranking decision alternatives which is the case of our problem. AHP has been used for many
applications involving performance measurement criteria such as selecting a supplier (Masella and Ragone, 2000; Verdecho et al. 2010b), selecting performance
indicators for supply chain management (Bhagwat and Sharma, 2007), and selecting ERP systems in textile industry (Cebeci, 2009).
The methodology is composed of seven phases. In the phase 1, the performance elements of the performance measurement framework are defined in seven
perspectives (financial, customer, process, innovation and learning, collaboration,
environmental and social perspectives).
In the phase 2, the AHP method is applied to build a model. The AHP method
structures the decision problem in a hierarchy of levels. These levels are linked by
unidirectional dependence relationships. In the upper level of the hierarchy, it is
defined the ultimate goal of the decision problem. Then, the criteria that contribute
to achieve the goal stand in the second level. Then, various intermediate levels
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may be modelled to represent different levels of sub-criteria. Finally, in the last
level, the decision alternatives are established. The AHP method provides relative
weights to each element within a level depending on its contribution to an element
linked to it that is located on the immediate upper level. In our case, as we use the
AHP model to obtain the weights of the performance objectives, we will have
three levels (see Fig. 1.1): vision (supply chain sustainability), perspectives (criteria) and, finally, performance objectives (alternatives).

Fig. 1.1 BSC-AHP performance measurement framework for supply chain sustainability

In the phase 3, following the application of AHP, pairwise comparisons are
made within each level using the fundamental scale of Saaty (1980), and the local
priorities of the compared elements (priority vector) are calculated. Then, the final
weights for the alternatives are calculated (phase 4). For that purpose, priorities of
objectives are combined together with the sets of priorities of the performance
perspectives.
Then, in phase 5, it is performed a sensitive analysis to check how changes in
the local weights of one of the perspectives or objectives affect the final priorities
previously obtained. The purpose of this phase is to verify that the solution obtained is robust enough. In case that the solution is not robust, it is needed to go
back into the phase 3 to analyze the pairwise comparison matrices obtained.
In phase 6, the data regarding the performance indicators is collected, according to the frequency stated in performance measurement framework. Finally,
phase 7, it is obtained the overall performance evaluation by multiplying the priority of every performance objective (given by the normalized priority) and the
value reached in its corresponding performance indicator. This overall performance evaluation has to be contrasted with a value defined as goal that will represent the degree of sustainability within the supply chain to be reached (defined as
a percentage of achievement).
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1.4 Case study
The performance measurement framework has been applied to a supply chain belonging to the automotive sector which is composed raw material suppliers, design
centres and manufacturing plants working for main OEMs. It has to be noted that
this supply chain had already implemented a performance measurement framework so that the development of this approach was easier as the partners had performed a joint definition of a performance measurement framework.
The first phase of the methodology consists of the definition of the performance elements for the seven perspectives. This is a very important task as managing directors of the different enterprises have to reach an agreement on the strategic aspects of the relationship. When enterprises come with different backgrounds,
they have to define a common business vision, in this case, regarding the sustainability dimensions. Table 1.1 shows the performance elements (objectives and
KPIs) defined for the supply chain for the financial, environmental and social perspectives. It consists of twelve objectives and KPIs.
Table 1.1. Performance elements of the automotive supply chain.
Perspect.
Financial

Environmental

Social

Objectives

KPIs

FO1 Maintain sales
FO2 Increase high quality product margins by 5%
FO3 Increase the capital invested by
shareholders 10%
FO4 Increase the number of new investors by 15%
EO1 Reduce waste by 8%
EO2 Reduce energy consumption by
3%
EO3 Increase recycling materials by 5%
EO4 Increase number of ISO 14000 certifications by 20%
SO1 Increase annual training by 20%
SO2 Reduce customer complaints by
25%
SO3 Increase stakeholder involvement
decision-making by 15%
SO4 Increase the number of personnel
career development programs by 10%
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KPI1 = sales (monthly)
KPI2 = average of high quality products
margin variation (monthly)
KPI3 = capital invested by shareholders
(semester)
KPI4 =number of investors (quarterly)
KPI5 = waste weight (monthly)
KPI6 = energy consumption (monthly)
KPI7 = recycled materials weight
(monthly)
KPI8 = ISO 14 000 new certifications
KPI9 = number of training hours (semester)
KPI10 = number of customer complaints
(monthly)
KPI 11 = number of meetings with stakeholders (quarterly)
KPI12 = personnel career programs
(semester)

These KPIs have been defined by the enterprises based on the objectives that
they want to reach. It took three meetings of 1.5 hours, what seems reasonable, to
complete the list of objectives and KPIs for the seven perspectives (define the new
objectives and KPIs for the new perspectives and check consistency with the objectives and KPIs of the existing performance measurement framework and perform some adjustments).
In the phase 4, the weights of the objectives are obtained. Results showed that
the most important objectives representing 65% of the total weight were: FO1
maintain sales (with normalized weight of 0.14), FO3 Increase the capital invested
by shareholders (0.11), CO2 Increase market share (0.08), ILO1 Increase innovation capability (0.08), SO2 Reduce customer complaints (0.07), EO2 Reduce energy consumption (0.06), PO1 Decrease product development lead-time (0.06) and
CL02 Increase coordination (0.05). It can be observed that the critical objectives
belong to all performance perspectives but the importance of the perspectives differ, being the financial perspective the most relevant followed by the customer and
the innovation and learning perspectives.
In the last phase it is obtained the final results. The analysis showed that performance was mainly achieved by some of the most relevant objectives (those objectives with highest weight). However, financial objectives, among others, were
not accomplished in the desired level (accomplished around 45%) and decision
makers have to analyze them further. For those objectives that have not reached
the expected results, actions plans are to be developed which allow reassessing the
current targets. In general, performance achievement was only reached at the 70%
what was under the initial expectations (75%). However, results showed that performance measurement implementation has provided performance knowledge to
the supply chain as well as a tool for monitoring sustainability performance.

1.5 Conclusions and research implications
In the recent years, few works have dealt with the development of performance
measurement frameworks for supply chain sustainability but they lack of mechanism to weight and consolidate performance data into a global evaluation that allows deciding if the supply chain is achieving its sustainability objectives up to a
proper degree. This paper has introduced a performance measurement framework
that fills this research gap. Also, it has described a case study in an automotive
supply chain providing the main insights in the application of the approach. Further research work will be developed in three main lines: a) validate this performance measurement framework in supply chains of different characteristics and
other sectors, b) use other performance structures instead of BSC and other multicriteria methods instead of AHP and c) deploy further the connection between the
performance measurement framework for the supply chain and the individual enterprises performance measurement framework.
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