Available online at www.sciencedirect.com

ScienceDirect

. 5, s
ELSEVIER

Procedia CIRP 57 (2016) 61 — 66
www.elsevier.com/locate/procedia

49th CIRP Conference on Manufacturing Systems (CIRP-CMS 2016)
A Performance Measurement System For Global Manufacturing Networks

Benedikt Sagera’*, Sven Hawer?, Gunther Reinhart?

“Institute for Machine Tools and Industrial Management, Technical University of Munich, Munich, Germany

* Corresponding author. Tel.: +49-89-289-15567; fax: +49-89-289-15555. E-mail address: benedikt.sager@iwb.tum.de

Abstract

New developments coming along with globalisation increasingly force companies to realize efficient global manufacturing networks (GMN).
Current research offers abundant methods aiming at the configuration of GMNs. However, less attention is paid to identifying the need for adapting
existing networks and the comparison of enhanced network configurations. In other fields, like for example logistics, performance measurement
systems (PMS) are applied to accomplish these tasks. This paper therefore seeks to support the improvement of network configurations by
providing a PMS for GMNs.

In the course of this research existing PMS are reviewed and a multidimensional evaluation is carried out. The system with the best fit is chosen
and transferred to the field of GMNs. Subsequently, performance attributes are deduced from a strategic and operational point of view based on
a literature review as well as the application of concepts known from life-cycle-management and systems theory. The proposed PMS is validated
by an industrial case study.

The results of the multidimensional evaluation show that the concept of selective key figures that is known from the field of logistics has the best
fit to serve as a basis for a novel PMS for GMNs. The transferred PMS consists of metrics evaluating the strategic success factors of GMNs like
flexibility and delivery reliability on the one hand and possible operational bottlenecks like complexity on the other hand. The validation of the
PMS in a real life environment shows that it contributes to overcoming the identified gap in the literature and supports practitioners in the process
of enhancing GMNs.
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1. Introduction
1.1. Motivation

Manufacturing companies face increasingly competitive and
volatile environments due to the inexorable progress of glob-
alisation during the last decades [1,2]. New developments like
the global mobility of people, decreasing communication and
transportation costs and the reduction of customs as well as
trade restrictions enable companies to realise efficient global
manufacturing networks (GMNS) in order to be prepared for
the upcoming challenges [3,4].

The network configuration development as a decision process
follows the generic sequence of formulating the problem, spec-
ifying the target system, investigating the action alternatives,
selecting one alternative and making decisions during the im-
plementation phase [5]. While research focusses on the overall
network configuration development as well as the single steps
of the decision process less attention is paid to the starting point
of the configuration of GMNs - the identification of the need for

action or as it is formulated by the Institute of Manufacturing
of the University of Cambridge: “Why is it necessary to evolve
the manufacturing network?” [6]

The answer to this question necessitates a continuous monitor-
ing of the forecast for the key performance indicators that are
used to evaluate the existing manufacturing network. The aim
of this research therefore is to support the identification of the
need for evolving a manufacturing network by providing a Per-
formance Measurement System (PMS) that is “defined as the
set of metrics used to quantify both the efficiency and effective-
ness of actions* [7]. As metrics have to be defined individually
by each company in order to consider individual requirements
[8,9] the PMS shall not be formulated by providing a list of
predetermined metrics but by defining relevant evaluation di-
mensions that need to be covered by individually definable key
figures.

1.2. Structure of the Paper

The paper is arranged as follows. The literature review pro-
vides an analysis of the state of the art concerning PMS for
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GMN s as well as the identified research gap. The third section
is used for the description and comparison of existing concepts
for PMS as well as the selection of the concept with the best
fit for the evaluation of GMNSs. Sections four and five contain
the deduction of key figures from a strategic respectively oper-
ational point of view followed by the resulting PMS in section
six. The description of the application of the PMS in an indus-
trial case study and the conclusions close the paper.

2. Literature review
2.1. Structure of the state of the art

Existing literature dealing with performance measurement
of GMNSs and - in a larger context - of supply chains is vast. The
relevant research can be classified in two categories. The first
one contains methods to examine performance measurement
aspects in the context of the configuration process of GMNs.
Models that are belonging to the second category in contrast
exclusively focus on performance measurement of GMNSs.

2.2. Integrated Performance Measurement Approaches

Relevant integrated performance measurement approaches
are provided by Liebeck [3], Varandani [10] and Herm [11].
Liebeck [3] presents a market- and resource-oriented network
design model that emanates from the market service of a com-
pany with respect to the customers point of view. The cost-side
of the company is considered by a process-oriented modelling
and monetary evaluation of the necessary production steps.
With this approach Liebeck [3] combines the external market
view with the internal business-management view.

Varandani [10] proposes a multi-stage network configuration
process model starting with a single objective mathematical
model that optimizes the total landed costs. By varying the
input parameters a set of possible network configuration alter-
natives is created. These solutions are evaluated with respect to
the resulting management complexity of the network in a sec-
ond step. By this means Varandani [10] expands the strategic
point of view of the network configuration by an objective con-
sidering the operational practice.

Herm [11] uses so called business capabilities for the configu-
ration of GMNSs. The definition of capabilities results amongst
others from the analysis of relevant value-adding processes for
the manufacturing of a product. In this respect Herm [11] at-
tributes more value to the product than comparable approaches.
For the evaluation of network alternatives Herm [11] comes
back to the four main dimensions of business objectives cost,
time, quality and flexibility as suggested by De Toni & Tonchia
[12].

2.3. Stand alone Performance Measurement Approaches

Besides the integrated consideration of performance mea-
surement, literature provides models focussing the design of
PMS relating to GMNSs.

Ude [13] postulates that performance measurement approaches
need to be independent of the method how a network con-
figuration alternative is generated in contrast to the integrated
evaluation models. He proposes a multi-stage procedure that

combines the quantitative evaluation by means of a simulation
model and qualitative aspects by the application of the multi-
criteria decision analysis method PROMETHEE. The main
considered qualitative objectives are costs and throughput time.
Furthermore, the approach includes methods to analyse the ro-
bustness of possible network configuration alternatives. By ap-
plying PROMETHEE supplemented by Monte Carlo simula-
tions and sensitivity analysis Ude [13] shows a clear focus on
the preparation of a decision for one alternative by providing an
in depth analysis and comparison of possible solutions.

Krebs [14] proposes an approach for the cross-linked site selec-
tion with respect to multidimensional uncertainties. The mod-
elling of qualitative uncertainties is carried out by means of
fuzzy set theory. The Market Value Added represents the main
objective. With the clear focus on site selection Krebs [14] cov-
ers one aspect of the holistic evaluation of GMNs in depth.
Chan [15] presents both quantitative and qualitative perfor-
mance measurements for supply chains. While quantitatively
a classification is conducted in cost and resource utilisation the
categories quality, flexibility, visibility, trust and innovativeness
are distinguished qualitatively. In order to prioritize the perfor-
mance measures the analytic hierarchy process (AHP) is ap-
plied. However, the metrics are a conglomeration that is not
integrated in a framework that describes the performance of a
supply chain out of multidimensional views. [15]

This shortcoming forms the starting point for the framework
for supply chain performance measurement proposed by Gu-
nasekaran et al. [8]. Their framework is spanned by the four
major supply chain activities plan, source, make/assemble and
deliver on the one hand and the management levels strategic,
tactical and operational on the other hand. For each combi-
nation of supply chain activity and level of management per-
formance measurement metrics are provided. The proposed
framework is a mapping of responsibilities and company de-
partments. Multidimensional perspectives like the financial as-
pects or the customers point of view that need to be covered by
the performance measurement metrics are not considered. [8]
Bhagwat & Sharma [16], Richert [17] and Giese [18] try to
overcome this deficit by developing a PMS for supply chains
on the basis of the Balanced Scorecard (BSC) concept. Repre-
sentative for these PMS a closer look is taken at the concept of
Bhagwat & Sharma [16]. They assign the proposed metrics of
Gunasekaran et al. [8] to the four perspectives of the BSC:
financial, customer, internal business and learning & growth
[21]. Hereby a comprehensive PMS has been created for the
measurement of strategic supply chain performance. The au-
thors recommend future research in order to examine whether
the four perspectives of the BSC and the listed metrics are ade-
quate to analyse the performance of a supply chain.

Beamon [19] took a similar approach and developed a PMS for
supply chains with the focus on strategy. The performance mea-
surement types resources, output and flexibility are considered.
The first dimension contains cost metrics, the second customer
service aspects and the third one the ability to change. It needs
to be emphasized that this PMS formed the basis for a multi-
objective optimisation model for supply chain planning [20].
Hence, a connection between the PMS and supply chain design
has been established. However, the developed PMS on the basis
of the BSC appear more balanced as they include the dimen-
sions proposed by Beamon and beyond that consider additional
aspects.
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