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Abstract 
This dissertation addresses the topic of manufacturing network strategies, with a 
particular focus on the plant perspective. Research on manufacturing networks aims at 
contributing decision support on how to set up and how to coordinate factories that act in 
a global setting. Manufacturing networks are networks consisting of wholly owned plant, 
as opposed to supply chains management where also plants belonging to other 
organisations are considered. Research on the role of the plant in manufacturing networks 
can help to gain insights in how the network works and how to achieve network-related 
competitive advantages. Over the last two decades there has been a trend in increased 
globalisation and when companies expand beyond their home markets there is a leap in 
complexity that needs to be handled. A survey of Swedish plants shows that a large 
majority of medium and large sized plants are part in some kind of manufacturing 
network, making research on such networks highly relevant.  

The overall objective of this dissertation is to investigate how factories fit into the 
network in terms of roles, strategic autonomy and market configurations. Much research 
has either focused on networks as a whole, often assuming similar or identical plants, or 
the focus has been on plant internal decision. This research addresses the borderland 
between plant and network. This dissertation addresses two research objectives. The first 
is to investigate the relationship between networks and plants roles with particular focus 
on Swedish based networks and plants and the second is to test and further develop the 
theory on plant roles.  

The empirical data that was used in the dissertation was the product of a mail 
survey and a case study at a manufacturer of heat exchangers. The survey was sent to 563 
Swedish factories and included information on competitive priorities, processes, plant 
roles, performance, suppliers, risk as well as general product and company information. 
Using focus groups, the case company was followed from the start of the project in 
January 2006. Following the case company during five years gave the opportunity to 
study networks in transformation.  

The research contributed to several insights to the area of plant roles and 
manufacturing networks as well as to practitioners in manufacturing. Internal and 
external suppliers are handled differently in terms of selection criteria, which indicates 
different roles in the network. Detailed exploration of individual site competences has 
lead to an improved model based on competence themes and links between the plant level 
and the network level have been established. Additionally we contribute to the 
manufacturing strategy process area by investigating and suggesting a model for strategic 
decision autonomy in manufacturing networks. The results are aimed at providing 
guidance for decision making in manufacturing networks as well as providing an 
improved foundation for further research in the area. 

Keywords: Empirical research, manufacturing networks, performance, plant roles, site 
competences, strategy  



 
 



 
 

Fabrikens strategiska roll i produktionsnätverk 

Under de senaste två decennierna har det funnits en trend mot ökad globalisering och när 
företag expanderar utanför hemmamarknaden sker en ökning i komplexitet för 
produktionen som måste hanteras på något sätt. Denna avhandling handlar om strategier 
för produktionsnätverk med särskilt fokus på den enskilda fabriken. Forskning om 
produktionsnätverk syftar till att ge beslutsstöd för hur globala nätverk av fabriker på 
bästa sätt kan utformas och koordineras. En enkätundersökning till svenska fabriker visar 
att en majoritet av medelstora och stora fabriker är del i ett fabriksnätverk, vilket medför 
att forskning om sådana nätverk är ytterst relevant. Med produktionsnätverk menas 
nätverk med helägda fabriker, till skillnad från exempelvis supply chain management där 
även fabriker tillhörande externa organisationer beaktas. Forskning om fabrikens roll i 
nätverket kan hjälpa till insikter om hur produktionsnätverk fungerar och hur 
nätverksrelaterade konkurrensfördelar kan erhållas.  

Det övergripande syftet med denna avhandling är att undersöka hur fabriker passar 
in i nätverket med hänsyn till roller, strategiskt självbestämmande och marknader. 
Mycket forskning har antingen fokuserat på nätverket som helhet, ofta under antagande 
att samtliga fabriker är identiska, eller så har fokus legat på fabriksinterna beslut. Denna 
forskning ser till gränslandet mellan fabrik och nätverk. Avhandling har två syften: Det 
första är att undersöka kopplingen mellan nätverk och fabriksroller med fokus på 
Sverige-baserade fabriksnätverk och det andra är att testa och utveckla existerande teorier 
om fabriksroller.  

Denna forskning har bidragit till ett antal insikter inom området fabriksroller och 
produktionsnätverk. Vi har kommit fram till att interna och externa leverantörer hanteras 
olika i nätverken och att de därmed även har olika roller. Forskningen har även lett till en 
vidareutvecklad modell för fabriksroller, som visar att ansvarsområden läggs på fabriker i 
teman relaterade till produktionen, försörjningskedjan eller utveckling av nya produkter 
och processer. Forskningen visar även en tydlig koppling mellan nätverk och fabriksroller. 
Eftersom hela nätverket hänger ihop, medför en förändrad roll någonstans i nätverket 
även förändringar för övriga fabriker i samma nätverk. Slutligen har vi identifierat tre 
olika modeller för hur distribution av strategiskt beslutsfattande ser ut. Resultaten syftar 
till att ge vägledning för beslut om produktionsnätverk samt ge en utökad grund för 
fortsatt forskning inom området.  
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Dissertation outline 
This publication entitled A plant perspective on manufacturing networks is a doctoral 
dissertation in Production Economics at Linköping University. The dissertation is 
constituted by two parts, where the first is an introductory part and the second provides a 
collection of six papers. The objective of the introductory part is to position the problems 
treated in the papers by relating them to earlier work as well as to give an overview of the 
theoretical foundation of the dissertation. Further, scope, objectives and demarcations are 
presented, then the introductory part summarises the combined contribution of the papers 
and envisages future research directions and possible extensions. The second part 
comprises the papers listed below. The list indicates the origin and the current state of 
publication.  
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Conference, 2009, Groningen, The Netherlands. 
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International Journal of Operations and Production Management.  
 
Paper 4 
Feldmann, A., Olhager, J., Fleet, D. and Shi, Y. (2010) Linking networks and plant roles: 
the impact of changing a plant role, Working paper, Department of Management and 
Engineering, Linköping University. 

This paper is submitted for publication in International Journal of Production 
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1. Introduction 
Questions about where to locate production, how to coordinate multiple manufacturing 
units and how to get the most out of them are inevitable in the long run for any company 
that intends to work outside the immediate local environment and they are the starting 
point for research on manufacturing networks. With manufacturing networks we mean 
networks consisting of wholly owned factories, i.e. belonging to the same company. This 
marks a difference to supply chain management (see also value chain management and 
demand chain management), where suppliers are usually involved to a greater degree in 
the network. A lot has happened in the area since Skinner identified a number of 
problems in international manufacturing in 1964. During the 1980’s several models for 
global strategy were formulated, models that still are in frequent use. In the 1990’s the 
theory on manufacturing networks was developed further with the introduction of 
capabilities and a more operational view of the network and in the late 1990’s the borders 
were expanded further with the research on supply chains. During that time there has also 
been a huge development for the companies, in terms of globalisation (Shi, 1997).  

The trend of globalisation coupled with increased customer expectations in terms of 
both speed and reliability has introduced a number of challenges to multinational 
companies. Using a relatively simple simulation model, Levy (1995, 1997) showed the 
large impact an intercontinental supply chain can have on operations. The amount of 
goods in transport and long lead times lead to instability in the supply chain. In response 
to this, companies need to take a new approach to handling their networks with more 
focus on knowledge transfer and using modern technology to facilitate new 
configurations (Ernst and Kim, 2002). MacCormack, et al. (1994) predicted that “large, 
centralised manufacturing facilities in low cost countries with poorly skilled workers are 
not sustainable”. Instead, location will increasingly depend on educational and 
institutional infrastructure which will lead to smaller plants focused on supplying 
regional markets. They also suggested that there are competitive advantages to be gained 
by managing the manufacturing network strategically. Sweden is a country that 
historically has been the home country of a large number of multinational companies, 
relative to the number of inhabitants. The manufacturing base in Sweden has been 
eroding somewhat in recent years, as a result of outsourcing and offshoring initiatives. 
Some companies see this trend continuing in the coming years, while other companies are 
reversing such decisions and increasing the level of manufacturing in Sweden.  

Much of the literature has focused on the network, or supply chain, often 
overlooking that the network consists of individual plants, sometimes with agendas of 
their own, or the network has been regarded as only a number of plants. This research 
sets out to tie these two perspectives together, by investigating manufacturing networks 
with a particular focus on the individual plant. By identifying the strategic role of each 
plant in the network they should be able to perform better and contribute to the company 
with more than low cost labor or tariff reductions (Ferdows, 1997). 
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1.1 Research objectives 
This research aims at contributing to the understanding of the relationship between plant 
and network, and in particular the role of the plant. Most of the research presented in this 
dissertation has taken the plant point of view in the network; instead of analysing the 
network from the perspective of the company headquarter. Following the overall research 
objective two areas are identified to be of particular interest in this dissertation. The two 
research objectives are:  

Research objective 1: Investigate the relationships between networks and plant roles, with 
particular focus on Swedish-based networks and plants. 

Research objective 2: Test and further develop the existing theory on plant roles. 

 
1.2 Limitations 
Manufacturing networks as a research area is naturally connected to a large number of 
topics both within the area of operations management (e.g manufacturing strategy, supply 
chain management) and outside it (e.g. organisation theory, marketing, purchasing). In 
order to maintain research focus, this research is generally limited to the perspectives 
normally covered in operations management journals.  

Literature on manufacturing networks can typically be divided into research related 
to the configuration or the coordination of the network. This dissertation focuses on the 
configurational aspects of the manufacturing network, i.e. structural strategic issues. 
However, it does not deal explicitly with the localisation decision. Furthermore, a line is 
drawn at the borders of the focal company, thus excluding direct interaction with 
suppliers and customers from the analysis. Although the importance of suppliers should 
not be underestimated we argue that most companies take an inside out approach to the 
configuration of their networks, i.e. first their own factories and then suppliers are added. 
Additionally, by focusing on internal manufacturing networks, more decisions are in the 
hands of the companies we study. Indirectly, the customers should be represented in the 
analysis through the competitive priorities, which are a central part in the development of 
the manufacturing strategy. Additionally, external suppliers are considered in one of the 
papers included in the dissertation.  

The mail survey that this research is partly based on was carried through between 
January and August, 2006. Since that time the state of things might have changed. 
Although, there are no indications of revolutionary changes since then, this is a limitation 
of the dataset and therefore also for this research.  
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2 Theoretical framework for the dissertation 
The purpose of this section is to position the research presented in this dissertation to 
existing literature. There are three major areas of interest; i) Manufacturing strategy, ii) 
Manufacturing networks and iii) Plant roles.  

 
2.1 Manufacturing strategy 
Manufacturing strategy as a concept was first recognised by Skinner (1964, 1969). He 
saw manufacturing strategy as a missing link between the corporate strategy and the 
production. Companies often had a too simplistic view of manufacturing, having low 
costs as the only demand. This view, however, misses several dimensions of 
manufacturing, which leads to both missed opportunities and mismatch problems in the 
production. Both Hayes and Wheelwright (1984) and Skinner (1964) characterised 
manufacturing strategy as consisting of a pattern of many individual decisions that affect 
the ability of the firm to meet long-term objectives.  

Literature on manufacturing strategy can be divided into content and process 
(Minor, et al., 1994; Dangayach and Deshmukh, 2001). Areas related to content are 
manufacturing capabilities, strategic choices, best practices, trans-national comparisons 
and performance measurement while the process of manufacturing strategy refers to the 
way the strategic manufacturing decisions are made. In their review of literature on 
manufacturing strategy, Dangayach and Deshmukh (2001) found that the vast majority of 
published articles belong to the content stream, 237 out of 260 reviewed articles, while 
manufacturing strategy processes needed more research. More recent searches show that 
this is still the case (see paper 5).  

 
2.1.1 Manufacturing strategy content 
Hayes and Wheelwright (1984) proposed a basic set of eight decision categories; four 
structural areas, i.e. capacity, facilities, technology, and vertical integration/sourcing, and 
four infrastructural areas, i.e. workforce, organisation, quality, and production planning 
(see Table 4, p14). Leong, et al. (1990) provided an overview of the areas in Skinner 
(1969), Hayes and Wheelwright (1984), Hayes, et al. (1988), Buffa (1984), Fine and Hax 
(1985), and found that there is essential agreement on those areas that matter for 
manufacturing strategy. Boyer and Lewis (2002) show that there is some agreement 
among researchers as to the framework and contents that comprise manufacturing 
strategy at the level of an individual plant. Operating decisions are decisions the plant 
makes in the structural and infrastructural areas that comprise it. Boyer and Lewis (2002) 
describe this as the ‘‘prevailing model of the content of operations strategy”. An updated 
review of lists of strategic decision areas is presented in Table I, based on former lists in 
Leong et al. (1990), and Rudberg and Olhager (2003). 
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Miller and Roth (1994) create a framework for manufacturing strategies based on North 
American respondents in the 1987 Manufacturing Futures Project Survey. By making a 
cluster analysis based on competitive capabilities they essentially found three groups of 
companies with three different strategy types; caretakers, marketeers and innovators. The 
caretakers have a relatively low emphasis on the development of competitive capabilities. 
Although price was the dominant competitive capability, the score on price did not differ 
significantly from other clusters. This group seems to be guarding its position rather than 
moving forward, hence the label caretakers. Marketeers and innovators are differentiated 
by their focus on existing vs. new customers and opportunities. The marketeers have high 
scores in delivery and quality, i.e. serving existing markets in the best way, while 
innovators score significantly higher in their ability to adapt to new opportunities.  
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Facilities � � � � � � � � 

Vertical integration  
(incl. sourcing) 

� � �  � � � � 

Organisation     �  � � � � 

Human resources  
(work force) 

� � � � � � � � 
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Production planning  
and control 

� � �  � � � � 

New product 
development 

   � � �   
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measurement systems 
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Table 1: Manufacturing strategy decision categories in the related literature 

 



7 
 

2.1.2 Manufacturing strategy process 
Early manufacturing strategy process models in the literature are essentially hierarchical 
(Leong et al., 1990), where corporate strategy drives business strategy, which in turn 
drives the functional strategies, among them manufacturing strategy. An early 
investigation of manufacturing strategy processes was made by Marucheck, et al. (1990), 
who in a study of six manufacturing companies came to the conclusions that the 
formulation of manufacturing strategies largely follows general conceptual models but 
also that the implementation process is a less structured and more behaviorally oriented 
process than strategy formulation. A number of researchers at Cambridge have been 
involved in developing a framework for strategy processes for practical use (Platts and 
Gregory,1990; Mills, et al., 1995), which has been tested (Platts, et al., 1998). Pun (2004) 
gives a review and synthesis of different processes for formulating manufacturing 
strategy. He reports that no particular process is best for all companies. The frameworks 
for manufacturing strategy process typically propose one particular approach to 
formulating and implementing a manufacturing strategy, but do not discuss in detail how 
or where decisions on manufacturing strategy are made. In particular, they do not 
explicitly consider how this process is affected by the presence of multiple manufacturing 
sites. 

 
2.1.3 Conclusion manufacturing strategy 
There seems to be general agreement many of the fundamental content-related issues, e.g. 
which areas should be included in a manufacturing strategy. On the process-side there are 
several frameworks for formulating a manufacturing strategy, see e.g. Miltenburg (2005, 
2008) and Platts and Gregory (1990). However, more research is still needed on 
implementation. How and where should strategic decisions be made? 

 
2.2 Manufacturing networks 
Early mentions of manufacturing networks, which focused on the role of manufacturing 
rather than economics, came in the 1960s. Among the first was Skinner (1964), who 
outlined some of the problems facing American firms that wanted to operate 
internationally. The problems identified were mostly related to different environments 
that require different types of management. Some were too controlled by the headquarters, 
smothering the local subsidiary, while others left their subsidiaries to fend for themselves. 
Neither being a successful strategy. This was partly because the purpose of foreign 
subsidiaries was to circumvent tariffs and enter protected markets (Ernst and Kim, 2002). 
Klassen and Whybark (1994) in a paper on barriers to the management of international 
manufacturing identified a number of key barriers, several corresponding well to what 
Skinner said 30 years earlier. Early literature on manufacturing networks came from 
factory management literature and tended to perceive the network as a number of 
individual factories (Shi and Gregory, 1998).  
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During the 1980’s several contributions were made in the area global strategy. They 
have in common that the categorisation can often be illustrated in a two-by-two matrix, 
i.e. two dimensions of explanation. One of the more cited frameworks was presented by 
Porter (1986), who categorised networks according to their geographical dispersion and 
the need for global coordination. Numerous researchers have used this model as the basis 
for extended conceptual models; see e.g. Meijboom and Vos (1997), Shi and Gregory 
(1998) and Rudberg and Olhager (2003). Bartlett and Ghoshal (1988, 1998) identified 
three kinds of strategic configuration in international manufacturing; Multinational, 
Global and International (see Table 2). The multinational companies are the market 
responsive companies with strong local autonomy. These typically include companies 
with strong local brands, such as Unilever and Philips. Global companies, such as the 
Japanese multinational Matsushita, have a high degree of centralised control in order to 
take advantage of their size and streamline operations over the world. The final type of 
company, international companies, specialise in knowledge transfer. Typically 
knowledge is exported from a central position, to be implemented locally with a 
relatively high degree of local decision autonomy over the details, see e.g. Ericsson. The 
authors predicted however that excelling in one area will not be enough to be competitive 
in the future. They therefore proposed the transnational solution, which incorporates the 
capabilities of all three types. The feasibility of the transnational solution can be 
questioned, though. The idea conflicts with several other concepts, such as focused 
factory concept (Skinner, 1974). However, the transnational solution can also be regarded 
as a mix of the three original network types and the transnational solution will be a 
different mix for each company depending on its specific environment.  

 

Multinational Global International 
Building strong local presence 
through sensitivity and 
responsiveness to national 
differences. 

Building cost advantages 
through centralised global-
scale operations. 

Exploiting parent company 
knowledge and capabilities 
through worldwide diffusion and 
adaption. 

Table 2: Source: Bartlett and Ghoshal (1998) 

 
The work by Prahalad and Doz (1987) and Henzler and Rall (1986) both bear 

similarities to the work by Bartlett and Ghoshal. They find two key dimensions for the 
design of the value chain- pressures for global integration and pressures for local 
responsiveness (see Figure 1). They refer to global businesses, that will typically have 
high pressures for global integration and low pressures for responsiveness, and market 
oriented businesses that have low pressures for global integration and high pressures for 
local responsiveness. In the former they see a product emphasis whereas the latter has its 
emphasis on a geographical area. A similar categorisation was done by Fisher (1997), 
who differentiated responsive and physically efficient supply chains. A responsive supply 
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chain was more suited for so called innovative products, while a physically effective 
supply chain was better suited for standard products. Prahalad and Doz further mention 
that there can be different pressures on different functions in a company. For example, 
marketing is an activity that often can be found in the lower right corner, with high 
pressures for local responsiveness, while R&D often is global, i.e. in the top left corner. 
This is an important observation, since it opens up for differentiation within the company. 
Trying to generically fit all parts of a company into one model is not necessarily the right 
way for all companies. Table 3 gives an overview of the dimensions used to categorise 
manufacturing networks by a number of authors. There are both similarities and overlaps 
between the models, but no consensus on how to categorize networks.  
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Figure 1: Classification of manufacturing networks according to Prahalad and Doz (1987) 
 

In terms of which types of manufacturing networks that are predominant, different 
authors have noted different trends in manufacturing networks. Martinez and Jarillo 
(1989) note a development over time in the view on coordination of manufacturing 
networks, from multidomestic with independent subsidiaries to globally integrated 
networks. Five years later MacCormack, et al. (1994) came to the conclusion that with 
the new global environment ”… global corporations of the future will move to a 
manufacturing network of decentralised plants, based in large, sophisticated regional 
markets”.  
 

Global business 

Multifocal business 

Locally responsive 
business 

Product emphasis 

Area emphasis 
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Table 3: A comparison of dimensions used to categorise manufacturing networks 
 

Shi and Gregory (1998) added significantly to the structure of the research on 
manufacturing networks by i) translating the traditional structural and infrastructural 
elements for factory manufacturing systems (Hayes and Wheelwright (1984)) to elements 
related to international manufacturing network systems (see Table 4) and ii) identifying 
four strategic network capabilities; (1) Strategic targets accessibility (2) Thriftiness 
ability (3) Manufacturing mobility and (4) Learning ability. The former two of the 
strategic network capabilities are more related to the architecture of the network, while 
the latter two are process oriented. Identifying network capabilities was an important step 
in realising that there is more to the network than the sum of its linkages and nodes. They 
further classified networks, using the same principal dimensions used by Porter (1986), 
geographical dispersion, ranging from domestic to worldwide, and the need for 
coordination, ranging from multi domestic to global network (see Table 5). This gives in 
total seven different international manufacturing network types, since the combination 
domestic and multidomestic orientation of the network is not an international network. 
One criticism that can be raised against the translation of the structural and infra 
structural elements is that they are more vague for manufacturing networks, and therefore 
arguably not as easy to work with.  

Building on the work by Shi and Gregory, Colotla, et al. (2003) explored the 
interaction between capabilities on the plant level and on the network level and showed, 
using two case studies, that companies can improve their competitive position either by 
improving on one of the levels or by a combination of plant and network level 
improvements. Ernst and Kim (2002) develop a framework for the “Global production 
network” based on network flagships. The network flagship is the leading OEMs in the 
network, e.g. firms like Cisco, IBM and GE. However, the framework is more a 
framework for supply chain management than manufacturing networks, since many of 
the aspects considered are related to suppliers and/or strategic partners.  

 Porter 
(1986) 

Prahalad and 
Doz (1987) 

Bartlett and 
Ghoshal  

(1988, 1998) 

Shi and 
Gregory 
(1998) 

Rudberg and 
Olhager 
(2003) 

Pressures for 
coordination 

X X X X  

Pressures for 
local 
responsiveness 

 X X   

Plant dispersion X   X X 
Number of 

organisations 
    X 
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Table 4 Comparison of strategic elements in two types of manufacturing systems (Shi and Gregory, 1998) 
 

Miltenburg (2009) creates a framework for international manufacturing, very 
similar to the framework for formulating a manufacturing strategy (Miltenburg, 2005, 
2008). It attempts to incorporate several different aspects of international manufacturing 
into one framework. Core influences are Shi and Gregory (1998) and Ferdows (1997). 
This is one of the few frameworks that are attempting to tie different aspects of the 
manufacturing network together. One concern that can be raised against it is that there 
seems to be no research behind the interactions between the different parts that are tied 
together.  

 Factory manufacturing system International manufacturing 
network system 

Structural elements Capacity: 
amount, timing, type 

Factory’s characteristics:  
(As whole left column). 

 Facilities: 
Size, location, specialisation 

Geographic dispersion: 
distributed factory condition 

 Technology: 
equipment, automation, linkage 

Horizontal coordination: 
coordinated mechanism 

 Vertical integration: 
direction, extent, balance 

Vertical coordination: 
international dispersion of 
corporate value-adding chains 
and their linkages 

   

Infrastructure elements Workforce: 
skill level, wage policies, 
employment security 
 

Dynamic response mechanism: 
opportunity identify and 
manufacturing mobility 

 Quality: 
defect prevention, monitoring, 
intervention 

Product life cycle and knowledge 
transfer in international 
manufacturing networks 
 

 Product planning/material 
control: 
sourcing policies, centralisation, 
decision rules 
 

Operational mechanisms: 
network daily coordination, 
management information system 

 Organisation structure: 
structure, control/reward system, 
role of staff groups 

Dynamic capability building and 
network evolution: 
learning by operations 
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Table 5: Classification of the international manufacturing network (Shi and Gregory, 1998) 
 

There are several reasons for firms to go global, e.g. declining home market, 
opportunities in growing markets or even from defensive reasons. MacCormack, et al. 
(1994) introducd a four phased framework for deciding on manufacturing locations. The 
four phases are 1) Establish the critical success factors of the business, the degree of 
global orientation necessary, and the required manufacturing support role, 2) Assess 
options for regional manufacturing configurations, 3) Define a set of potential sites and 4) 
Rank the most cost-effective solutions. DuBois, et al. (1993) establish a link between 
foreign sourcing decisions and manufacturing strategy decisions. They also identify 
technology intensity as an important variable when it comes to decisions related to 
international manufacturing. Belderbos and Sleuwaegen (2005) studied Japanese 
electronic firms and found statistical support for that a strong home market position leads 
firms to choose global configuration as opposed to Asia-bound or West-bound 
configurations. Belderbos and Zou (2007) investigate drivers of growth of foreign plants 
(affiliates). They find that operational flexibility, which is used to respond to 
environmental changes, is important for the growth of the plant and that the operational 
flexibility is not smaller for plants that are joint ventures.  

In conclusion there are few examples of frameworks that attempt to tie the different 
threads of existing theory together, Miltenburg (2009) is one of the exceptions. There are 
several papers using mathematical modeling to solve problems related to manufacturing 
network or supply chain configuration (see e.g. Arntzen, et al., 1995; Camm, et al., 1997; 
Vidal and Goetschalckx, 2001; Goetschalckx, et al., 2002). Due to methodological 
limitations, they have difficulties in handling the large number of qualitative factors that 
should be considered in the configuration decision. On the other hand there are in depth 
case studies focusing on factors (both qualitative and quantitative) to consider in the 

The degree of plant dispersion Coordination conditions in international manufacturing network 

 Multidomestic orientation Global orientation 

World wide Glocalised manufacturing 
configuration 
 

Global-coordinated 
manufacturing configuration 

Multinational Multidomestic manufacturing 
configuration 
 

Global integrated 
manufacturing configuration 

Regional Regional uncoordinated 
manufacturing configuration 
 

Regional exporting 
manufacturing configuration 

Domestic Does not belong to the 
international manufacturing 
networks 

Home exporting manufacturing 
configuration 
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configuration decision (e.g. Kirkwood, et al., 2005), but they rarely give insight in how to 
weigh the different qualitative factors.  
 
2.3 Plant roles 
Theory on plant roles can be said to have started with the focused factory by Skinner 
(1974). With a focused factory, Skinner means a factory that can focus on one strategic 
task and align its activities accordingly. Hayes and Schmenner (1978) introduced the 
concept of product or process oriented organisation. This gives plants very different tasks 
depending on whether they are product or process oriented, resulting in a differentiation 
of roles. While several later publications encourage multiple roles in the same network, 
Hayes and Schmenner raise concerns about the increased complexity in such a network. 
They further identify different coordination needs for coordination between the two types 
of network. Typically a process focused network needs more coordination than a product 
focused one, since each factory needs to coordinate its activities with both upstream and 
downstream actors. Due to the many international transports, the value density of the 
products would have to be high (e.g. electronic components) for such a network to be 
cost effective (Abele, et al., 2008). 

In a study of Fortune 500 companies Schmenner (1982) added two types of plant 
strategies from the two identified by Hayes and Schmenner (1978). These were product 
plants, market area plants, process plants and general purpose. They are all influenced by 
the concept of plant focus, since all types of plants can be said to have one specific 
strategic focus. Even the general purpose plants have a focus; since their task is to have 
sufficient flexibility to handle any new products of processes. A similar classification was 
later suggested by Vokurka and Davis (2004), who identified three different types of 
plants; standardizers, customizers and automaters. This classification was based on 
technical data, such as plant size, production volume, process choice and layout etc. The 
characteristics of each type of plant are therefore of technical nature, rather than strategic. 
Attempts were made to find effects on performance for the three different types, but none 
that was not expected appeared. In an article published one year later, Davis and Vokurka 
(2005) investigate the effect facility size has on the manufacturing structure (processes, 
products etc.) and performance. Some effects could be found on manufacturing structure 
but once again only minor effects could be found on performance.  

Although the idea of different plant foci for different plants in a manufacturing 
network had been around for some time the concept of the strategic role of the plant was 
introduced by Ferdows (1989, 1997). He defined roles along two dimensions, strategic 
reason for location and site competence. The difference between a strategic plant role and 
a plant focus is that the plant focus does not determine a goal for the plant, whereas the 
plant role gives a strategic direction for the plant. The model has been both empirically 
tested (Vereecke and Van Dierdonck, 2002; Maritan, et al., 2004) and used in case 
studies (Meijboom and Vos, 1997; Meijboom and Voordijk, 2003; Fusco and Spring, 
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2003). The three main strategic reasons for site location identified by Ferdows and later 
confirmed by Vereecke and Van Dierdonck are “access to knowledge”, ”access to low 
cost manufacturing” and “proximity to market”. Others have made more thorough 
investigations in the localisation decision – see e.g. MacCarthy and Atthirawong (2003) 
and Shi and Pongpanich (2010) – but the factors companies deem important can usually 
be assigned to one of the three above mentioned categories. Some (e.g. Abele, et al., 
2008) even narrow it down to cost and market. In the original model, site competence – 
also referred to as the level of technical activities – is either high or low, giving six 
unique roles, as illustrated in Figure 2. Furthermore, Ferdows (1997) suggests a more 
specific sequence in which activities are added to a plant (see Figure 3), starting with 
“Assume responsibility for production” and leading up to “Become global hub for 
product or process knowledge”. Ferdows puts the lead plant, i.e. a plant located for 
knowledge and with high site competence, in a unique position at the top. Plants in the 
other categories are thought to evolve with time as indicated by the arrows in Figure 3.  

This sequence has been the topic of some debate. In a case study of four plants in 
Eastern Europe Meijboom and Vos (2004) investigated and slightly altered some 
activities and the sequence in which they are added. Most notably they saw a clear 
difference between minor process and product improvements and major ones. They also 
introduced production planning and production scheduling and saw that production 
planning was a higher-competence activity than production scheduling, i.e. it was placed 
further up on the axis.  
 
 

S
ite

 c
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pe
te

nc
e 

High 

Source Lead Contributor 

Low 

Offshore Outpost Server 

  Access to low cost 
manufacturing 

Access to skills and 
knowledge 

Access to market 

  Strategic reason for location 
Figure 2: Six plant roles suggested by Ferdows (1989, 1997) 
 

Maritan et al. (2004) studied the decision autonomy for 196 plants. The plants were 
assigned one of Ferdows’ six roles and then tested for differences in decision autonomy 
for i) planning, ii) production and iii) control decisions. They were able to show that 
plants with a higher degree of site competence also had a higher degree of autonomy for 
decisions related to planning than plants with a lower level of site competence. The one 
exception to this was the relation between Server and Contributor plants, where the 
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difference was not statistically significant. On the other hand, for decisions on production 
and control, none of the hypotheses could be confirmed. Lead plants were even found to 
have a lower degree of decision autonomy over production decisions than Contributor 
plants, which was contradictory to the hypothesis. All in all, there were surprisingly few 
hypotheses that could be confirmed in the paper.  
 

Outpost

Source

ServerOffshore

Contributor

Lead

+ Assume responsibility for 
production

+ Assume responsibility for 
process development

+ Assume responsibility for 
the development of suppliers

+ Make product-improvement
recommendations

+ Assume responsibility for 
procurement and local logistics

+ Maintain technical processes

+ Make product-improvement
recommendations

+ Become global hub for 
product or process knowledge

+ Supply global markets 
+ Assume responsibility for 

product development

Site competence

Access to low cost
manufacturing

Access to skills
and knowledge

Access to 
market

Strategic reason for location  
Figure 3: Plant roles and expected paths of plant development (Ferdows, 1997). 
 

The conclusion can be drawn, that the model presented by Ferdows has been both 
successfully tested and used in case research. Several authors have suggested an increase 
in site competence over time (Ferdows, 1997; Bartlett and Ghoshal, 1998; Vereecke and 
Van Dierdonck, 2002; Meijboom and Vos, 1997; Meijboom and Vos, 2004). Further 
research in this area by Meijboom and Voordijk (2003) suggests that plants with a higher 
strategic role are less likely to be closed down or moved, which is also consistent with 
what Vereecke saw when revisiting the plants from the study published in 2002 
(Vereecke, 2007). However there has been little testing of the site competences and no 
real agreement on which site competences that are relevant for defining the plant role.  

An additional perspective on plant roles was provided by Gupta and Govindarajan 
(1991) and later expanded on by Vereecke, et al. (2006) introducing a typology of plants 
based on their degree of communication with the other parts of the network. Gupta and 
Govindarajan (1991) categorised plants along the dimensions inbound and outbound flow 
of knowledge. Similar to this framework Vereecke, et al. (2006) identified four types of 
plants; isolated plants, receivers, hosting network players and active network player. 
Isolated plants are as the name suggests isolated, with limited inbound and outbound 
communications. Receivers are typically at the receiving end of a knowledge transfer and 
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contribute very little to the rest of the network in terms of knowledge. The hosting and 
active network players both communicate actively with the rest of the network, but with 
different patterns of inbound and outbound visits. They showed that plants with little 
communication and exchange of personnel with the rest of the network also were in a 
more volatile position, where they are more likely to significantly increase or decrease 
their strategic importance than other, non-isolated, plants. There are more categorisations 
of plant roles (see e.g. Poynter and White, 1985, Jarillo and Martinez, 1990; Birkinshaw 
and Morrison, 1995). However, none works as well as Ferdows’ framework for 
identifying the strategic role of plants. Ferdows’ framework has the advantage that 
categorisation is based on two specific dimensions, making it possible to mark each 
plant’s role in a chart. .  

In conclusion, there are extensive studies on the plant roles themselves, but very 
little on how plants affect each other and how changing plant roles affect the rest of the 
network. There are a number of perspectives from which to view plants in a strategic 
network context. Empirical research on them is lacking, though. There is a large need for 
both confirmatory research and more conceptual research that attempts to incorporate the 
many existing perspectives on plant roles.  
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3 Research design 
This research is mainly exploratory, which is suitable for research areas that are rather 
early in their development. Exploratory research can be performed using several different 
research methods, most notably survey and case studies. This research is based on two 
sources of data. Five of the six included papers are based on data from a mail survey, i.e. 
a questionnaire that was sent out by mail, to Swedish factories that was performed during 
2006. One paper is based on data that was collected in a case study of Alfa Laval Heat 
Transfer. By looking at the plant itself and upstream as well as downstream connections, 
we get a good view of their networks. But as pointed out in Vereecke and Van Dierdonck 
(2002), the plant’s own view of itself does not necessarily coincide with that of the 
headquarter. Therefore, to complement the survey the case study incorporates both the 
head quarter perspective of the plants and the plant perspective. Based on Meredith 
(1998) the advantages and disadvantages of the two methods can be compared in Table 6.  
 

 Advantages Disadvantages 

Survey Precision Sampling difficulties 
 Reliability Model-limited 
 Standard procedures Variable restrictions 
 Testability  
Case Relevance Access and time 
 Understanding Triangulation requirements 
 Exploratory depth Lack of control 
Table 6: Adapted from Meredith (1998) 
 

The author of this dissertation has participated actively in all parts of the data 
collection process, including the design of the questionnaire, the collection and 
processing of survey and case study data.  
 
3.1 Survey to Swedish plants 
Survey research is a sub-group of empirical research, which consists of all research that is 
based on real life data. As opposed to case research, survey research is mostly 
quantitative and therein lies both its strength and its weakness. Survey research is 
generally intended to go out to a large number of subjects (respondents) but with little to 
no chance of iteration.  
 
3.1.1 The questionnaire 
The questionnaire was designed and processed with respect to the guidelines and 
recommendations presented in Dillmann (2000) and Forza (2002). The questionnaire is 
concerned with market and product aspects, plant aspects, supplier aspects 
(distinguishing between internal and external suppliers), risk management and 
performance measures. Most questions are perceptual and use a seven-step Likert scale, 
except where a percentage distribution is required. By using perceptual Likert scales, 
response rates can be improved since the respondents can more easily give estimations 
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and do not need to verify the exact value. The respondents were neither forced to 
communicate any sensitive performance information which may reduce the response rate. 
Extra care was taken to make the scales equally weighted, i.e. a scale should be equally 
negative on the negative extreme as it is positive on the positive extreme. Past studies 
(see e.g. Vickery, et al., 1993; Klassen and Whybark, 1999) have demonstrated that 
perceptual measures are useful for empirical research that relate to managerial 
evaluations. An English translation of the full questionnaire can be found in Appendix 1.  
 
3.1.2 Sample 
The questionnaire was sent to members of PLAN (the Swedish society for supply chain 
management) affiliated with a manufacturing company. The sample was complemented 
with addresses from the Swedish bureau of statistics in order to reach all other 
manufacturing sites with more than 200 employees. In other words, managers at all 
Swedish manufacturing plants with more than 200 employees were contacted, with an 
addition of smaller firms with PLAN members. All in all, 563 Swedish manufacturing 
firms were contacted. After two reminders we received 109 useable responses, i.e. a 
response rate of 19.4 percent, which is an acceptable level of responses (Malhotra and 
Grover, 1998). The survey is carried out at the plant level, providing the plant perspective 
of the manufacturing network. The unit of analysis in the survey is the main product line 
at the manufacturing plant, and its corresponding network. The data were checked for 
bias using correlations between early and late respondents based on company 
characteristics, e.g. number of employees and turnover. Neither tests indicated any 
significant difference between the two groups of respondents.  

The respondents were all upper level managers related to production or logistics, 
and thus expectedly knowledgeable about the survey questions; see Table 7. The largest 
group of respondents was logistics/supply chain managers, followed by production 
managers, operations development managers, plant managers, and presidents or vice 
presidents. Other respondents include supply managers and logistics project leaders. The 
sample includes smaller, medium-sized as well as larger manufacturing plants, based on 
number of employees and sales turnover; see Table 7. All types of customer order 
decoupling point positions are included in the sample: engineer-to-order, make-to-order, 
assemble-to-order, make-to-stock, and finally make and distribute to stock. The last 
position refers to holding finished goods inventory in the distribution system, beyond the 
plant inventory. Also, all kinds of process choices are represented in the sample: project 
manufacturing, job shop, flow shop, line, and continuous processing. Thus, a wide range 
of plants is included in the sample. 
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Characteristic  Distribution  
Number of  employees:   
 – 199 32.1 % 
 200 – 499 28.4 % 
 500 – 999 13.8 % 
 1000 – 25.7 % 
Sales turnover (M€; 1€ ≈ 1.4$):   
 – 10 6.1 % 
 10 – 50 34.3 % 
 50 – 100 19.2 % 
 100 – 40.4 % 
Customer order decoupling point:  
 Engineer to order 14.8 % 
 Make to order 35.2 % 
 Assemble to order 23.9 % 
 Make to stock  16.1 % 
 Make and distribute to stock  10.1 % 
Process choice:   
 Project manufacturing  4.3 % 
 Job shop 22.7 % 
 Flow shop 29.2 % 
 Line  27.2 % 
 Continuous processing   16.5 % 
Respondents position:  
 Logistics/Supply chain manager 32.4 % 
 Production manager 32.4 % 
 Operations development manager 10.2 % 
 Plant manager 5.6 % 
 President/Vice president 5.6 % 
 Other 13.8 % 

Table 7: Firm and respondent characteristics. 
 
3.2 Case study at Alfa Laval Heat Transfer 
The case study as a research methodology is useful for studies that require in-depth 
descriptions and focus on how or why a social phenomenon works (Yin, 2009; Voss, et 
al., 2002). Since manufacturing networks are such complex systems, there may be several 
alternative explanations for observed outcomes. In this context the use of case studies can 
prove favourable (Stuart, et al., 2002). Although case studies can be used for exploratory 
as well as confirmatory research, it is especially suited for exploratory studies. One of its 
strengths is the ability to adjust the data collection during the research process 
(Eisenhardt, 1989).  

Alfa Laval was an industrial partner in the research project from its start in January 
2006. Parallel to the survey research, the network of the heat transfer division has been 
mapped and investigated. This was done through meetings with representatives from Alfa 
Laval one to two times per year. The group consisted of two plant managers and two 
representatives from the operations development office, thus capturing both plant and 
network perspectives. The current network, significant changes since the last meeting as 
well as planned future changes were discussed at each meeting. The researchers were not 
an active part in any decisions regarding the analysed networks. Therefore the research 



20 
 

qualifies as a case study as opposed to action research, where researchers take an active 
role in the study subject.  
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4 Overview and summary of papers 
This research set out to answer the two research objectives formulated in section 1.1. 
Figure 4 illustrates how the different papers in this thesis are connected. Paper 1 was an 
overview paper, which resulted in suggestions for future paths for research some of 
which could be followed up in papers 2, 3 and 5. Papers 4 and 6 build on the findings in 
Paper 3. While paper 6 focuses on further statistical analysis of the findings in Paper 3, 
Paper 4 relates the findings to manufacturing networks using a case study.  

Table 8 presents a categorisation of the six papers that are included in this 
dissertation with respect to research objective covered, methodology and methodological 
purpose. Each research objective is covered in three papers. The first part of the objective 
is to investigate the interrelationship between networks and plants, with a focus on 
Swedish plants. Paper 1 presents an overview of plants located in Sweden and their 
respective network connections. Paper 2 focused on the supply side of the network and 
compared external suppliers with internal ones. In paper 4 the link between plant roles 
and the network was studied when one plant changed its role. A model that links plant 
roles with the network is also presented in the paper.  
 

 
Figure 4: Relation between the papers included in this dissertation 
 

The second part of the research objective is to test and develop theory on plant roles. 
Papers 3 and 6 are both concerned with site competences. Paper 3 explores the site 
competences (as defined by Ferdows, 1997) using cluster and factor analysis. The result 
is a three step scale with defined content in each step, instead of the high-low scale that 
was proposed in the original model by Ferdows. Paper 6 tests the cumulative nature of 
the site competences. Finally, Paper 5 investigates strategic decision-making, by looking 
at the decision autonomy each plant has.  
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Due to differences in the timing of when the papers were written and missing data 
points in different sets of questions there are some differences in the number of 
respondents for each paper.  
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Table 8: The six papers categorised according to research objective, methodological purpose and research 

method 

 
The six papers in this dissertation are summarised below so as to give the reader a 

brief understanding of their respective aims and results. The papers are however 
appended in full in the second part of the dissertation. For each of the papers, there is a 
brief statement to clarify the contributions and responsibilities of the author of the 
dissertation.  
 
4.1 Paper 1 – Designing and managing manufacturing networks – a survey 
of Swedish plants 
This paper presents a snapshot of Swedish factories and their networks. We find that the 
markets and supply networks of Swedish plants are global, but there is a focus on Europe. 
The main reason for locating a plant in Sweden is proximity to skills and knowledge, 
followed by proximity to market. We find no pure low-cost plants, which is logical 
considering that Sweden is considered a high-cost manufacturing country. The overall 
level of site competence is very high; with a large portion of the responding plants having 
full responsibility over all activities defined by Ferdows (1997). Additionally there are 
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differences in the results for external and internal suppliers, which indicate a need for 
further investigation. This study provides a broad analysis of the manufacturing networks 
in which Swedish plants operate, and the roles of these plants. The paper is mostly 
descriptive/exploratory.  

This paper was co-authored with Prof. Jan Olhager and Dr. Fredrik Persson. The 
results were jointly developed and the authors jointly wrote and edited the paper and 
commented on each other’s contributions.  
 
4.2 Paper 2 – Internal and external suppliers in manufacturing networks– an 
empirical analysis 
The purpose of the paper is to explore the way manufacturing firms use internal and 
external suppliers in the design and management of manufacturing networks. The main 
area of interest is to explore the similarities and differences between internal and external 
suppliers, with respect to their roles and the reasons for choosing a certain type of 
supplier. The results of the study show that there are significant differences between the 
criteria that are influential in choosing a certain type of supplier. The choice of an internal 
supplier is largely based on a single corporate decision, while an external supplier has to 
perform well on a number of criteria (primarily quality, cost, and delivery dependability). 
When comparing the selection criteria with competitive priorities and plant performance, 
we find that the criteria for selecting external suppliers have a better match than those for 
selecting internal suppliers. 

This paper was co-authored with Prof. Jan Olhager. The results were jointly 
developed and the authors jointly wrote and edited the paper and commented on each 
other’s contributions. 
 
4.3 Paper 3 – Bundles of competences in determining the plant role 
This paper sets out to investigate the strategic role of plants, in terms of the type and level 
of site competence (as proposed by Ferdows, 1997)), the relationship with the strategic 
reason for location, and the impact on operational performance. Based on factor and 
cluster analysis the authors suggest a division into three levels of technical activities, 
instead of the original two-level model (high and low). We found that plants in general 
either have responsibility for production only, supply chain as well as production, or the 
whole range of technical activities related to production, supply chain and development 
(see Figure 5). Furthermore, when additional activities are added at a plant the current 
activities are also strengthened, so a plant with responsibility for supply chain activities is 
likely to have a higher degree of control over production activities than a plant with only 
production responsibilities. Finally, we don’t find any support for that the strategic reason 
for site location has any bearing on the level of site competence and vice versa, i.e. plants 
located for proximity to skills and knowledge do not have a significantly higher site 
competence than plants located for proximity to market or low cost.  
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Figure 5: The three plant types, with different areas and levels of site competence, according to themes. 
 

This paper was co-authored with Prof. Jan Olhager. The results were jointly 
developed and the authors jointly wrote and edited the paper and commented on each 
other’s contributions. 
 
4.4 Paper 4 – Linking networks and plant roles: The impact of changing a 
plant role 
This paper investigates the relationship between the network and plant perspectives in 
international manufacturing networks. This is done using an illustrating case study of 
Alfa Laval Heat Transfer, where one plant in the network has been upgraded. It shows 
that changing the role of one plant will affect the network as well as the roles of the other 
plants in the network. Thus, decisions on plant roles are, to a very high degree, network 
decisions and not decisions for individual plants. We further present a model to help 
illustrate this. The model maps technical activities (site competences), at which plant they 
are located and for which markets they are performed (see example in Figure 6). Using 
this model can help both industrialists and researchers in gaining an easy overview of the 
network.  
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Figure 6: A model for mapping the distribution and changes of plant roles in international manufacturing 

networks – illustrated with one of the Alfa Laval networks 
 

This paper was co-authored together with Prof. Jan Olhager, Dr Don Fleet and Dr 
Yongjiang Shi. The basic idea for the paper was initiated by the author but further 
developed together with the co-authors during the time the author of this dissertation 
spent at Cambridge University.  
 
4.5 Paper 5 - Distribution of Manufacturing Strategy Decision-Making in 
Manufacturing Networks 
This paper is concerned with manufacturing strategy decision-making. In particular, we 
study how strategic decisions are made and distributed between the network level and 
manufacturing plants in production networks. It shows that manufacturing strategy 
decision-making can be divided into three difference types: decentralised decision-
making at the plant level, centralised decision-making at the network level and integrated 
between decentralised and centralized (see Figure 7). All decision categories follow the 
same structure and are therefore tightly connected. These patterns of decision autonomy 
are significantly related to the distribution of site competences concerning production, 
supply chain, and development. Plants for which manufacturing strategy decision are 
made centrally typically only have production competences (and very little of supply 
chain and development competences), while higher levels of decision autonomy at a plant 
imply that higher levels of all site competence types are present. 
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Communication of manufacturingstrategy

Network level

Plant level

 
Figure 7: Three types of manufacturing strategy decision-making structures. 
 

This paper was co-authored with Prof. Jan Olhager. The results were jointly 
developed and the authors jointly wrote and edited the paper and commented on each 
other’s contributions. 
 
4.6 Paper 6 – Testing a cumulative model of site competences 
This paper tests a cumulative model of site competences, using structured equations 
modeling. The hypothesis is that site competences are added sequentially, i.e. first 
production related competences, then supply chain related competences and finally 
development related competences. The results of the cluster analysis in paper 3 indicated 
a cumulative building of site competences (see Figure 5) but could not verify it. We 
further tested how the cumulative model relates to operational performance, 
hypothesising that the cumulative model leads to increased operational performance. 
Overall there is partial support for a cumulative model and that supply chain and 
development responsibilities have a positive effect on some indicators of operational 
performance.  

This paper is written by the author of this dissertation alone. The original research 
idea came from Prof. Jan Olhager, but all analysis and writing has been performed 
exclusively by the author of this dissertation.  
 
4.7 Summary of contributions 
This dissertation extends the theory on plant roles by improving knowledge on how site 
competences are distributed in a network. The two research objectives of the dissertation 
have been covered in three papers each.  

There are three main contributions related to research objective 1: Investigate the 
relationships between networks and plant roles, with particular focus on Swedish-based 
networks and plants. The first being the insight that internal and external suppliers are 
handled very differently. There seems to be a better match between external suppliers and 
the competitive priorities than for the internal suppliers. The second one is a model for 
mapping key activities in the network. This model has implications both for researchers 
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and practitioners and researchers in that it can be used for mapping plant roles in the 
networks, connecting the two levels into an easy to overview diagram. Finally, we found 
that Swedish plant in general have a role that involves a high site competence and are 
either located in Sweden for market reasons or for the access to skills and knowledge.  

The second research objective - Test and further develop the existing theory on 
plant roles – was reached through detailed exploration of site competences and the 
distribution of decision-making in the manufacturing network. By grouping the many 
suggested site competences into three thematic bundles the transparency of site 
competence decisions has been improved. Also, based on their site competences three 
types of plants are found; plants with production only, plants with production and supply 
chain responsibilities and plants production, supply chain and development 
responsibilities, giving indications for how the building of site competences can proceed. 
Finally, the dissertation presents a tentative framework for strategic decision-making in 
the network.  

In comparison to previous research in the area, this dissertation has contributed to 
building wider empirical foundations in a research area that is dominated by case and 
conceptual research.  

The results in this dissertation have continuously been presented and discussed with 
in workshops with industrialists and at research conferences (EurOMA, POMS, POMS 
International, DSI, et.c), verifying the relevance of the findings. Both managers and 
researchers have indicated relevance of the topic and have expressed great interest in this 
research and its findings. For managers, the results can hopefully provide some 
interesting perspectives for global manufacturing networks. For researchers, these results 
can hopefully inspire to further explore issues of concern for manufacturing networks.  

 
In conclusion, what do we know now, that we didn’t know before? 

• Internal and external suppliers are treated differently and have different roles in 
the network.  

• Site competences are added to plants in bundles related to production, supply 
chain and development and there is partial support for a cumulative model of the 
site competences. 

• The link between plants and networks has been explored and highlighted. The 
presented model helps to show how changing the role of one plant will affect the 
other plants in the same network.  

 
4.8 Future research 
As can be seen in the theoretical framework for the dissertation there is a variety of 
models for both plant roles and manufacturing networks. However, there is a lack of 
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empirical research that is tailored to test these models. This dissertation has contributed to 
that area but more research is needed.  

Theory on manufacturing networks can be divided into configuration and 
coordination aspects. It seems like most research focuses on the configurational aspects 
of manufacturing networks. The models for global strategy (e.g. Bartlett and Ghoshal, 
1998; Prahalad and Doz, 1987) give a strategic direction, but are of little help for how to 
actually set up the coordination mechanisms. Studies on the effect of different 
coordination mechanisms would be very valuable to theory on manufacturing networks 
and open up for more research on how the coordination and the configuration aspects are 
interrelated. One way forward could be to further expand theory on plant roles, since the 
interaction between individual plants and the rest of the network is central in the 
coordination of the network.  

Sustainability is a growing area of research that should be integrated in strategic 
network decisions. How exactly they should be integrated still needs research. There are 
both social and environmental issues to consider in addition to economic issues. If I had 
started my research now, this would most likely have been one of the aspects considered 
in the project.  

Based on the experiences of this project I see an advantage in using product group 
networks as the unit of analysis, instead of whole global networks. This has several 
advantages. First, each network will be less complex, since there are fewer factories in 
each network. Secondly, since each plant can have a different role depending on which 
product that is under analysis there will be less ambiguous results. We saw in the case 
study of Alfa Laval Heat Transfer, that although two of the plants were included in both 
networks they had slightly different roles depending on network. Therefore more research 
on product group networks could be a way to expand theory on manufacturing networks.  
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Appendix 1 – English translation of questionnaire 





Manufacturing Network Survey  
 
About the research project and the purpose of the study  
 
At Linköping Institute of Technology, we are researching the design of manufacturing networks, with the 
financial support of VINNOVA (The Foundation for Innovation System). The researchers are Professor Jan 
Olhager, Assistant professor Fredrik Persson and doctoral candidate Andreas Feldmann. By manufacturing 
network we mean the plant or plants of the manufacturing firm and the relationships with suppliers. The purpose 
of the project and the survey is to investigate how companies design and make decisions concerning 
manufacturing networks. The research questions include: 

- What should the firm do by itself and is so at which plant?  
- What should the suppliers do and where should they be located?  
- How should the plants be designed? 
- Different types of manufacturing networks – can the network solutions be reduced to a few typical 

types?    
- Impact factors – are there patterns about which factors that have decisive impact on the design or choice 

of a manufacturing network solution?  
 
The research aims at creating a structured model for configurating manufacturing networks, based on those 
factors that impact configuration decisions. The purpose of the model is to give companies support for future 
strategic decisions concerning the building of new plants, new suppliers, the distribution of new products and 
components between internal and external plants and redistribution of who does what in the network.  



Instructions 
The questionnaire consists of 10 pages with only quick-to-answer questions and is in total expected to take 
around 20 minutes to fill out. There are three types of questions; multiple choice questions, questions with open 
ended answers and questions with perceptual scales. The last category of questions is answered with seven-
graded scales ranging between two extremes. The answer should be placed intuitively, since the questions 
concern the perceived state of things. 
 
Throughout the questionnaire, the answer “I do not know” is missing. Instead, missing answers will be 
interpreted as uncertainty, unless another explanation is given. In cases of uncertainty it is better to give an 
approximate answer, since research has shown that approximate answers give better results than no answers at 
all. I you have comments related to any of the questions there is space for comments at the end of each section. If 
you have questions related to the survey we will be available on the phone during office hours at 013-281767.  
 
Survey on effective manufacturing networks 
The information below will not be part of any analysis. Its sole purpose is to be able to trace which companies 
that have participates in the survey so that we can send the promised feedback. We treat all answers and 
answering companies confidentially and will not present any individual answers. If you are interested in 
participating in further research in the area, please include your business card in the answer envelope.  
 
Questionnaire filled out by  ____________________________  
   
Which position do you have at the company?  
���� Managing Director   
���� Plant manager   
���� Production manager   
���� Supply chain manager   
���� Logistics manager 
���� Planning manager 

  

���� Other ____________________________  
   
Company name ____________________________  
   
Plant for which answers 
are given ____________________________ 

 

   
Postal code ____________________________  



Part I – Basic company data 
 
Industry      
G01  Indicate the type of industry to which the 
 firm belongs. Use the company SNI-code if 
 you know it.  

______________________  

 
    

G02.A  Number of employees   
___________________ . 

G02.B  Annual sales turnover   
___________________ MSEK 

 
G03  How large is the value added of the main 
 products (percentage of selling price).  

______________ % 

 
G04  Total number of products to customer  ______________ .  

G05  Total number of product groups   ______________ . 

 
G06.A  Approximate number of customers  ______________ .  

 
 Few  – Many 
G06.B  In our business that is 
 considered  ���� ���� ���� ���� ���� ���� ���� 

 



Part II – Products  
 
From this point on we refer to the main product/product group. 
 
P01 Product type   ���� Consumer good  

���� Industrial good  
  
P02 Where is the customer order decoupling point? ���� Engineer-to-Order (ETO): Design, purchasing 

and production to customer order. 
���� Make-to-Order (MTO): Purchasing of raw 

materials on forecast and production to customer 
order.  

���� Assemble-to-Order (ATO): Assemble to 
customer order, while modules and subsystems 
are based on forecast.  

���� Make-to-Stock (MTS): Production to finished 
goods inventory at the factory. 

���� Make and Distribute-to-Stock: Production and 
distribution to stock to a stock point in the 
distribution system. 

P03 On which markets the product sell?  
(The sum should be 100 %) 

���� Sweden __________% 
���� Baltic region __________% 
���� EU __________% 
���� North America __________% 
���� China __________% 
���� India __________% 
���� Other Asia __________% 
���� Other __________%  

P04 What percentage of total sales does the main 
product/product group account for? 

____________________ % 

  
P05 Production lead time 

___________________ (Indicate unit of measure) 

P06 Customer lead time  
___________________ (Indicate unit of measure) 

P07 Product life cycle (expected)?  
___________________ (Indicate unit of measure) 

P08 Time since product introduction 
___________________ (Indicate unit of measure) 

P09 Sales volume  Low volume  High volume 
���� ���� ���� ���� ���� ���� ���� 

P10 Number of variants of the product  Few  Many 
���� ���� ���� ���� ���� ���� ���� 

  
 



 
P10 How important are the following criteria for the 
product to win orders   

Not at all 
important 

 Of decisive 
importance 

P10.A Product characteristics  ���� ���� ���� ���� ���� ���� ���� 
P10.B Price ���� ���� ���� ���� ���� ���� ���� 
P10.C Quality (conformance to specifications)  ���� ���� ���� ���� ���� ���� ���� 
P10.D On-time deliveries ���� ���� ���� ���� ���� ���� ���� 
P10.E Delivery Speed ���� ���� ���� ���� ���� ���� ���� 
P10.F Volume flexibility  ���� ���� ���� ���� ���� ���� ���� 
P10.G Product range (product mix flexibility) ���� ���� ���� ���� ���� ���� ���� 
P10.H Design flexibility (customization capability) ���� ���� ���� ���� ���� ���� ���� 
P10.I After market service ���� ���� ���� ���� ���� ���� ���� 
P10.J Logistic solution ���� ���� ���� ���� ���� ���� ���� 
P10.K Geographical proximity ���� ���� ���� ���� ���� ���� ���� 
P10.L Geographical coverage ���� ���� ���� ���� ���� ���� ���� 
P10.M Size of own company ���� ���� ���� ���� ���� ���� ���� 
P10.N Other _____________________ ���� ���� ���� ���� ���� ���� ���� 



Part III – Plant role and responsibilities  
 

 
F02.A Does the plant have product or process focus? 

Product focus (the plant design is based on the 
product; resources and competences are 
acquired to fit the production of a specific 
product or product group) 
Process focus (the plant design is based on one 
or a few production technologies; e.g. surface 
treatment) 

Product  Process 

���� ���� ���� ���� ���� ���� ���� 

       

F02.B What is the plant specialisation: dedicated or 
multi-purpose? 
Dedicated (the plant is dedicated to produce a 
narrow product range) 
Multi-purpose (the plant is designed to be able 
to take care of a wide product range) 

Dedicated  Multi-purpose 

���� ���� ���� ���� ���� ���� ���� 

       

 
F03 Type of manufacturing layout for the main 
product line. 

____% Project manufacturing 
____% Work shop 
____% Flow shop 
____% Production line 
____% Continuous production (Process) 
 100 % Sum 

 
 

 

F01. For which of the following functions/areas does 
the plant have responsibilities? Indicate the extent of 
responbility.   

No 
local 
resp. 

     
Full 
local 
resp. 

F01.A  Production (Direct manufacturing) ���� ���� ���� ���� ���� ���� ���� 
F01.B  Production planning  ���� ���� ���� ���� ���� ���� ���� 
F01.C  Maintenance  ���� ���� ���� ���� ���� ���� ���� 
F01.D  Purchasing  ���� ���� ���� ���� ���� ���� ���� 
F01.E  Logistics ���� ���� ���� ���� ���� ���� ���� 
F01.F  Process development ���� ���� ���� ���� ���� ���� ���� 
F01.G  Supplier development  ���� ���� ���� ���� ���� ���� ���� 
F01.H  Product development  ���� ���� ���� ���� ���� ���� ���� 
F01.I  Supply of global markets  ���� ���� ���� ���� ���� ���� ���� 
F01.J Introduction of new product technologies  ���� ���� ���� ���� ���� ���� ���� 
F01.K Introduction of new process technologies ���� ���� ���� ���� ���� ���� ���� 

F04 How important are the following location 
factors for the plant/current advantages with today’s 
location?   

Un-
impor-

tant 
  

One 
of 

many 
  

Utmost 
impor-
tance 

F04.A  Proximity to market  ���� ���� ���� ���� ���� ���� ���� 
F04.B  Proximity to knowledge centres   ���� ���� ���� ���� ���� ���� ���� 
F04.C  Proximity to low-cost labor  ���� ���� ���� ���� ���� ���� ���� 
F04.D  Proximity to raw materials  ���� ���� ���� ���� ���� ���� ���� 
F04.E Proximity to cheap energy ���� ���� ���� ���� ���� ���� ���� 
F03.F  Proximity to transportation hubs   ���� ���� ���� ���� ���� ���� ���� 
F04.G Sociopolitical environment ���� ���� ���� ���� ���� ���� ���� 
F04.H Proximity to competition ���� ���� ���� ���� ���� ���� ���� 
F03.I  Other: ___________________ ���� ���� ���� ���� ���� ���� ���� 



 
 

 
 

F05 To what extent are decisions on the following 
issues taken locally at the plant? 

Not at all 
(centrally) 

     
Local 

decision 

F05.A Choice of products manufactured at the plant ���� ���� ���� ���� ���� ���� ���� 
F05.B  Choice of manufacturing layout  (project; 
 job shop, flow shop, line, continuous)  ���� ���� ���� ���� ���� ���� ���� 

F05.C  Choice of manufacturing technology  ���� ���� ���� ���� ���� ���� ���� 
F05.D  Capacity levels relative demand  ���� ���� ���� ���� ���� ���� ���� 
F05.E  Timing of capacity acquisition   ���� ���� ���� ���� ���� ���� ���� 
F05.F  Choice of plant focus (see F02.A)  ���� ���� ���� ���� ���� ���� ���� 
F05.G  Choice of plant specialisation (see F02.B)  ���� ���� ���� ���� ���� ���� ���� 
F05.H  Value added inside plant  ���� ���� ���� ���� ���� ���� ���� 
F05.I  Make/buy decisions  ���� ���� ���� ���� ���� ���� ���� 
F05.J  Selection of suppliers  ���� ���� ���� ���� ���� ���� ���� 
F05.K Delivery programs with customers  
 (e.g. VMI)  ���� ���� ���� ���� ���� ���� ���� 

F05.L Choice of organisational form  
 (cent., decent. etc) ���� ���� ���� ���� ���� ���� ���� 

F05.M Competence development of employees  ���� ���� ���� ���� ���� ���� ���� 
F05.N Selection of quality tools  
 (5S, PDCA, QFD, …) ���� ���� ���� ���� ���� ���� ���� 

F05.O  Choice of longer-term planning and control 
 principles (Sales and operations planning) ���� ���� ���� ���� ���� ���� ���� 

F05.P Choice of shorter-term planning and control 
 principles (MRP, Kanban, …)   ���� ���� ���� ���� ���� ���� ���� 

F05.Q Selection of improvement programs  
 (TQM, JIT, Lean etc.)  ���� ���� ���� ���� ���� ���� ���� 



Part IV – Internal suppliers 
 
This section is only required is the firm has internal suppliers; belonging to the same company. 
 

 

 
I03 On which markets the product sell?  
(The sum should be 100 %) 

���� Sweden __________% 
���� Baltic region __________% 
���� EU __________% 
���� North America __________% 
���� China __________% 
���� India __________% 
���� Other Asia __________% 
���� Other __________%  

 
I04 How important are the following criteria for keeping 
internal suppliers? 

Not at all 
important 

 Of decisive 
importance  

I04.A  Corporate decision ���� ���� ���� ���� ���� ���� ���� 
I04.B  Price ���� ���� ���� ���� ���� ���� ���� 
I04.C  Product quality  ���� ���� ���� ���� ���� ���� ���� 
I04.D  On-time delivery  ���� ���� ���� ���� ���� ���� ���� 
I04.E  Delivery speed  ���� ���� ���� ���� ���� ���� ���� 
I04.F  Volume flexibility ���� ���� ���� ���� ���� ���� ���� 
I04.G  Product range  ���� ���� ���� ���� ���� ���� ���� 
I04.H  Design flexibility (customization capability)  ���� ���� ���� ���� ���� ���� ���� 
I04.I  After market service ���� ���� ���� ���� ���� ���� ���� 
I04.J  Logistic solution  ���� ���� ���� ���� ���� ���� ���� 
I04.K  Geographical proximity  ���� ���� ���� ���� ���� ���� ���� 
I04.L  Geographical coverage ���� ���� ���� ���� ���� ���� ���� 
I04.M  Size of supplier  ���� ���� ���� ���� ���� ���� ���� 
I04.N  Keep important competence  ���� ���� ���� ���� ���� ���� ���� 
I04.O  Possibility to plan, control and synchronize  ���� ���� ���� ���� ���� ���� ���� 
I04.P  Other:  ���� ���� ���� ���� ���� ���� ���� 

 
Mark which problems you experience with internal 
suppliers from each region. Leave empty if no 
suppliers are present or if there are no problems. 
Several boxes can be marked for each region.  
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I05.A Variations in price ���� ���� ���� ���� ���� ���� ���� 
I05.B Quality problems ���� ���� ���� ���� ���� ���� ���� 
I05.C Late deliveries ���� ���� ���� ���� ���� ���� ���� 
I05.D High costs for supplier relations ���� ���� ���� ���� ���� ���� ���� 
I05.E Volume flexibility ���� ���� ���� ���� ���� ���� ���� 
I05.F Product range ���� ���� ���� ���� ���� ���� ���� 
I05.G Design flexibility ���� ���� ���� ���� ���� ���� ���� 
I05.H Size of supplier ���� ���� ���� ���� ���� ���� ���� 
I05.I Management at supplier ���� ���� ���� ���� ���� ���� ���� 
I05.J Other: ���� ���� ���� ���� ���� ���� ���� 

 
 
 

I01.A Number of internal suppliers  
__________________  

I01.B How many of these are considered critical 
__________________ 

I02 Percentage of total purchases that come from 
internal suppliers (with respect to value)   __________________% 



Part IV – External suppliers 
 

 

 
E03 On which markets the product sell?  
(The sum should be 100 %) 

���� Sweden __________% 
���� Baltic region __________% 
���� EU __________% 
���� North America __________% 
���� China __________% 
���� India __________% 
���� Other Asia __________% 
���� Other __________%  

 
E04 How important are the following criteria for 
selecting critical external suppliers? 

Not at all 
important 

 Of decisive 
importance  

E04.A  Corporate decision ���� ���� ���� ���� ���� ���� ���� 
E04.B  Price ���� ���� ���� ���� ���� ���� ���� 
E04.C  Product quality  ���� ���� ���� ���� ���� ���� ���� 
E04.D  On-time delivery  ���� ���� ���� ���� ���� ���� ���� 
E04.E  Delivery speed  ���� ���� ���� ���� ���� ���� ���� 
E04.F  Volume flexibility ���� ���� ���� ���� ���� ���� ���� 
E04.G  Product range  ���� ���� ���� ���� ���� ���� ���� 
E04.H  Design flexibility (customization capability)  ���� ���� ���� ���� ���� ���� ���� 
E04.I  After market service ���� ���� ���� ���� ���� ���� ���� 
E04.J  Logistic solution  ���� ���� ���� ���� ���� ���� ���� 
E04.K  Geographical proximity  ���� ���� ���� ���� ���� ���� ���� 
E04.L  Geographical coverage ���� ���� ���� ���� ���� ���� ���� 
E04.M Size of supplier  ���� ���� ���� ���� ���� ���� ���� 
E04.N  Use important competence  ���� ���� ���� ���� ���� ���� ���� 
E04.O  Other:  ���� ���� ���� ���� ���� ���� ���� 

 
Mark which problems you experience with 
external suppliers from each region. Leave 
empty if no suppliers are present or if there are 
no problems. Several boxes can be marked for 
each region.  S

w
ed

en
 

B
al

tic
 

re
g

io
n 

O
th

er
 

E
u

ro
p

e 

N
o

rt
h

 
A

m
er

ic
a 

C
h

in
a 

In
d

ia
 

O
th

er
 A

si
a 

E05.A Variations in price ���� ���� ���� ���� ���� ���� ���� 
E05.B Quality problems ���� ���� ���� ���� ���� ���� ���� 
E05.C Late deliveries ���� ���� ���� ���� ���� ���� ���� 
E05.D High costs for supplier  relations ���� ���� ���� ���� ���� ���� ���� 
E05.E Volume flexibility ���� ���� ���� ���� ���� ���� ���� 
E05.F Product range ���� ���� ���� ���� ���� ���� ���� 
E05.G Design flexibility ���� ���� ���� ���� ���� ���� ���� 
E05.H Size of supplier ���� ���� ���� ���� ���� ���� ���� 
E05.I Management at supplier ���� ���� ���� ���� ���� ���� ���� 
E05.J Other: ���� ���� ���� ���� ���� ���� ���� 

 
 
 

E01.A Number of external suppliers  
__________________  

E01.B How many of these are considered critical 
__________________ 

E02 Percentage of total purchases that come from 
internal suppliers (with respect to value)   __________________% 



Part VI – Results and risk 
 
R01 How do you perform relative the competition?  Much 

worse 
  The 

same 
  Much 

better 
R01.A Profitability  ���� ���� ���� ���� ���� ���� ���� 
R01.B Cost efficiency ���� ���� ���� ���� ���� ���� ���� 
R01.C Quality ���� ���� ���� ���� ���� ���� ���� 
R01.D On-time delivery ���� ���� ���� ���� ���� ���� ���� 
R01.E Delivery speed ���� ���� ���� ���� ���� ���� ���� 
R01.F Volume flexibility ���� ���� ���� ���� ���� ���� ���� 
R01.G Design flexibility ���� ���� ���� ���� ���� ���� ���� 
R01.H Product mix flexibility ���� ���� ���� ���� ���� ���� ���� 
R01.I  After market service ���� ���� ���� ���� ���� ���� ���� 
R01.J  Rate of new product introductions ���� ���� ���� ���� ���� ���� ���� 
 
R02   To what extent are you affected by the  
  following types of risks? 

No 
risk 

  
Little 
risk 

  
Very 
high 
risk 

R02.A  Market risk  
 (demand changes such that we cannot cope 
 with it; at least not within a reasonable time)  

���� ���� ���� ���� ���� ���� ���� 

R02.B  Customer risk  
 (non-returning customers)  ���� ���� ���� ���� ���� ���� ���� 

R02.C  Product development risk  
 (unable to develop successful products)   ���� ���� ���� ���� ���� ���� ���� 

R02.D  Technology risk  
 (unable to integrate new technology)  ���� ���� ���� ���� ���� ���� ���� 

R02.E  Capacity risk  
 (too much or too little relative demand)  ���� ���� ���� ���� ���� ���� ���� 

R02.F  Inventory risk  
 (obsolete components or finished goods that 
 cannot be sold)  

���� ���� ���� ���� ���� ���� ���� 

R02.G  Competence risk  
 (wrong mix or that we cannot develop in 
 balance with market demand)  

���� ���� ���� ���� ���� ���� ���� 

R02.H  Supplier risk  
 (suppliers cannot follow us in future 
 technology development)  

���� ���� ���� ���� ���� ���� ���� 

R02.I  Financial risk  
 (insufficident hedging with respect to 
 exhange rates)  

���� ���� ���� ���� ���� ���� ���� 

R02.J  Political risk  
 (Political stability, changes in legislation) ���� ���� ���� ���� ���� ���� ���� 

 
 
R03 How good is the company at handling these 
 risks? 

Very 
poor 

     
Very 
good 

R03.A  Market risk   ���� ���� ���� ���� ���� ���� ���� 
R03.B  Customer risk ���� ���� ���� ���� ���� ���� ���� 
R03.C  Product development risk  ���� ���� ���� ���� ���� ���� ���� 
R03.D  Technology risk  ���� ���� ���� ���� ���� ���� ���� 
R03.E  Capacity risk  ���� ���� ���� ���� ���� ���� ���� 
R03.F  Inventory risk  ���� ���� ���� ���� ���� ���� ���� 
R03.G  Competence risk  ���� ���� ���� ���� ���� ���� ���� 
R03.H  Supplier risk  ���� ���� ���� ���� ���� ���� ���� 
R03.I  Financial risk ���� ���� ���� ���� ���� ���� ���� 
R03.J  Political risk  ���� ���� ���� ���� ���� ���� ���� 
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