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ABSTRACT

ARTICLE HISTORY

This paper deepens the understanding of the lead factory concept by examining how the lead factory
role is operationalised and what challenges are associated with it. The research is based on an explorative case study of eight Swedish lead factories in the manufacturing industry. The empirical findings
suggest that the understanding of the lead factory concept should be extended as it is not restricted
to one type of set-up. The findings show a spectrum ranging from an entire manufacturing plant,
parts of a plant, to a virtual plant considered to be the lead factory. The research also shows a broad
range of challenges experienced by lead factories. Several of these are related to and originate from
unclear role, responsibility and mandate of the lead factory. The lack of dedicated resources for lead
factory activities, specifically long-term development and difficulties in measuring the benefits of the
role, were other challenges faced.
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1. Introduction
Managing an international manufacturing network effectively
and efficiently is an increasingly important task for global
manufacturing companies in order to gain competitive
advantages (Bartlett and Ghoshal 2002; Ferdows 1997a;
Rudberg and West 2008; Shi and Gregory 1998). Cheng,
Farooq, and Johansen (2014) emphasise that networks with
dispersed plants enhance the possibilities of achieving higher
flexibility and offer managers better conditions for responding to current business challenges. However, in order to
benefit from the possible competitive advantages of being
located globally, manufacturing companies must consider all
plants as part of an integrated global network, rather than a
collection of single production plants dispersed internationally (Ferdows 1997b), as coordination between the plants in
the network is as important as their strategic location
(Feldmann et al. 2013). Thus, manufacturing networks should
be managed as expanded manufacturing systems (Shi and
Gregory 1998). This requires a shift in the focus of manufacturing companies, from a plant focus to an international
manufacturing network focus (Ferdows 1989; Nassimbeni
and Sartor 2005; Rudberg and Olhager 2003; Shi 2003).
An important element in the management of international
manufacturing networks is the role assignment for the different plants in the network. Production plants in international
manufacturing networks often have different responsibilities
and therefore different strategic roles in the network
(Feldmann and Olhager 2013; Ferdows 1997a, 1997b;
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Thomas et al. 2015; Vereecke, Van Dierdonck, and De Meyer
2006, etc.). The classification of foreign subsidiaries generally
relates to plant-specific capabilities (Cheng, Farooq, and
Johansen 2011; Vereecke and Van Dierdonck 2002) and has
resulted in several proposals for classifying subsidiaries
(Bartlett and Ghoshal 2002; Birkinshaw and Morrison 1995;
Cantwell and Mudambi 2005; Enright and Subramanian 2007;
Hogenbirk and van Kranenburg 2006; Rugman and Verbeke
2001). One model that has gained much recognition is the
framework presented by Ferdows (1989, 1997a). On the basis
of site competence and the primary strategic reason for the
site, Ferdows (1997a) differentiates between six generic strategic roles for factories of which the highest is the lead factory. According to Ferdows (1997a), the lead factory is a
global hub for product or process knowledge and creates
new processes, products and technologies for the entire
company. It is an important and strategic role for the lead
factory to possess and for creating value in the network. This
role or similar is also referred to as master plant/master function (Bengtsson, Niss, and Von Haartman 2010; Rudberg and
West 2008), main plant (Feldmann et al. 2013), centre of
excellence (Frost, Birkinshaw, and Ensign 2002) or hosting or
active network factory (Vereecke, Van Dierdonck, and De
Meyer 2006).
The main purpose of Ferdows’ model is to classify plants,
while the roles and the operationalisation of them have not
been emphasised. There is a need to describe the role of the
plant from multiple dimensions, such as its responsibilities
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and the scope of its operations (Enright and Subramanian
2007; Thomas et al. 2015). Further, the majority of previous
research related to the lead factory role focuses on strategic
plant roles from a network perspective (for example, Colotla,
Shi, and Gregory 2003; Miltenburg 2009; Thomas et al. 2015)
and not from the perspective of the lead factory. Previous
research focusing on the typology of plants provides some
insights into the critical capabilities and characteristics of the
actual lead factory (Feldmann and Olhager 2013; Ferdows
1997a; Maritan, Brush, and Karnani 2004; Meijboom and Vos
2004; Vereecke and Van Dierdonck 2002; Vereecke, Van
Dierdonck, and De Meyer 2006). However, neither in academia or in the industry is there a common understanding
of what the role of the lead factory fully entails, which creates uncertainty for manufacturing practices. Specifically,
very limited research has been conducted on the operationalisation of the lead factory role, i.e. the realisation and execution of the lead factory role and on how it affects
operations at the lead factory. It is not known what challenges are associated with the operationalisation of the lead
factory role and how these should be addressed to enable
the lead factory to contribute to increased network performance and create value in the overall network. Managers are
therefore left with limited support concerning the management and operationalisation of lead factories in international
manufacturing networks. Thus, scientific and industrial knowledge of lead factory operationalisation is required.
Consequently, the purpose of this paper is to deepen the
understanding of the lead factory role by (1) examining how
it is operationalised, (2) what challenges are associated with
it and, from this, identify future research opportunities.

2. Literature review
2.1. The strategic role of the manufacturing plant
The ability to manage conflicting demands from the business
environment has become a key factor in the area of international strategy literature (Vereecke and Van Dierdonck
2002). Accordingly, global manufacturing companies with
multiple plants that work in a global context need to adopt
a structure and an organisation that allows them to respond
to the competitive environment. This includes a clear understanding of the strategic role of the manufacturing plant and
its relationship with the headquarters, R&D and other manufacturing plants, as well as an understanding of the activities
carried out at the manufacturing plant. One level down, from
the plant’s perspective, the challenge is to understand and
adopt the assigned role and organise in a way that allows
proper execution of the role in the network.
In the literature, multiple ways of classifying the different
strategic roles of manufacturing plants have been proposed.
One aspect of the role of a manufacturing plant relates to its
strategic capabilities. In the study presented by Bartlett and
Ghoshal (2002), three competitive dimensions or capabilities
were considered: global integration (cost competitiveness),
national responsiveness (flexibility) and worldwide learning
(innovation and learning). The authors concluded that in
today’s highly competitive environment, companies need to
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aim at combining all three capabilities simultaneously in a
so-called transnational organisation (Bartlett and Ghoshal
2002). A means to achieving a transnational organisation is a
decentralised network of ‘mini-factories’ (Reichwald, Stotko,
and Seifert 2003). Thus, the dispersed manufacturing plants
should contribute to the development of a transnational
organisation and need to be integrated in a network of
diverse manufacturing plants with differentiated roles and
allocated responsibilities.
As mentioned in the introduction, manufacturing plants
play different strategic roles within a company and there are
several proposals for classifying subsidiaries based on different aspects and dimensions. Jarillo and Martıanez (1990)
characterise subsidiaries based on the degree of localisation
and the degree of integration. The degree of localisation
implies the extent to which R&D, purchasing, manufacturing
and marketing, for example, are performed in one plant,
while the degree of integration implies the extent to which
activities performed in another plant are integrated with the
same activities in other plants in the network.
Our work mainly builds on the framework presented by
Ferdows (1989, 1997a), which has received much attention.
Ferdows’ model transfers the general classification models,
including the entire supply chain, into a system of classifying
manufacturing plants (Vereecke and Van Dierdonck 2002).
Based on the two dimensions of site competence and the
primary strategic reason for the site, Ferdows (1997a) differentiates between six generic manufacturing plant types: offshore, source, server, contributor, outpost and lead factory
(Ferdows 1997a). An offshore plant is characterised as a lowcompetence site primarily established for reasons related to
low-cost production, while a lead factory holds a wide range
of competencies and managerial responsibilities. In the lead
factory, new processes, products and technologies are developed for the entire company. Ferdows’s classification has
been tested and verified on a general level by a variety of
researchers who have made further contributions to the original model (e.g. Cheng, Farooq, and Johansen 2011;
Feldmann and Olhager 2013; Meijboom and Vos 2004;
Vereecke and Van Dierdonck 2002). For example, the findings
of Feldmann, Olhager, and Persson (2009) show that in
Sweden, no pure-cost oriented plant was found, while the
primary reason to locate manufacturing in Sweden was the
high level of competence.
The main purpose of Ferdows’ model is classification of
plants; role operationalisation or network coordination issues
have not been emphasised. Over the past decades, research
has shown the need to also consider the relationship
between different plants, i.e. coordination of the different
plants in the network (Cheng, Farooq, and Johansen 2015;
Shi and Gregory 1998; Thomas et al. 2015). The analysis presented by Vereecke, Van Dierdonck, and De Meyer (2006)
leads to the identification of a third dimension that focuses
on the various types and intensities of relationships between
other plants and the headquarters. Accordingly, research on
the strategic role of plants should consider more dimensions
than the two dimensions identified by Ferdows. There is a
need to describe the role of the plant from multiple
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dimensions, such as its responsibilities, the scope of its operations, its competence level and the importance of the markets, as all these factors impact the network structure and
strategic role of the different plants (Enright and
Subramanian 2007; Thomas et al. 2015).
To sum up, global manufacturing companies usually have
a range of factories in their production network. At one end
of the spectrum, it is possible to find plants that are characterised by low competence that are primarily established for
reasons related to low-cost production, while at the other
end of the spectrum, it is possible to find plants that hold a
wide range of competencies and managerial responsibilities,
i.e. lead factories designated to create value for the overall network.

2.2. The lead factory concept and its challenges
Ferdows (1997a) describes the lead factory as having a high
level of competence and being a global hub for product or
process knowledge and its role is to create new processes,
products and technologies for the entire company. In order
to improve manufacturing, the lead factory should develop
verified manufacturing processes that can then be ‘cloned’
to the other plants in the network, i.e. transferred to subsidiaries that implement the standardised process and manufacture the product for other markets (Bengtsson and Berggren
2008). It is important that the lead factory learns from its
own experiences based on, for example, previous ramp-up
processes and that it makes the required modifications to
the subsequent design processes that enable products to be
manufactured in a simpler and more cost-effective way
(Ferdows 1997a). Learning should not only take place in the
lead factory, but also in the network. The relative absorptive
capacity, i.e. the ability to learn from the past experiences of
others and absorb and learn from other processes to develop
as a lead factory, is critical (Bengtsson, Niss, and Von
Haartman 2010; Tsai 2001).
A lead factory should continually transfer knowledge and
information about product modifications and changes in the
production systems to the subsidiaries for which it is responsible (Rudberg and West 2008). Local adjustments may be
needed that could cause a major challenge when trying to
find a balance between maintaining central control and giving the subsidiaries a degree of autonomy that allows them
to develop into independent subsidiaries (Pogrebnyakov and
Kristensen 2011). This is in line with Shi (2003), who highlights that the real challenge is how to balance global integration and local responsiveness.
Previous research points out that different plants might
have different specialisations depending on the different
stages of the product and process lifecycle. The role of the
lead factory usually includes responsibilities related to process development and the introduction of new production
(Hayes and Wheelwright 1979), which includes developing
secure and efficient manufacturing processes, as well as
organising a supply chain. Thus, the lead factory role usually
entails early involvement in both product and process lifecycles. However, a lead factory should not only be effective

in process development and new product introduction, it
should also maintain the manufacturing capabilities and performance at globally competitive levels in serial production
(Prajogo and Sohal 2004).
Lead factory specialisation can also be differentiated
between being process focused or product focused, a differentiation already made by Hayes and Schmenner (1978). A
process-focused plant usually takes responsibility for a few
manufacturing processes for many products and is only
responsible for a few steps in the value chain. The productfocused plant, on the other hand, has responsibility for the
manufacturing processes of the entire product, but only for
a limited number of products with similar attributes. Thus,
there can be several lead plants in one company but with
different areas of responsibility.
Since lead factories do not work in isolation, but in a network comprising several subsidiaries, there is also a need to
consider the interdependencies between the other sites in
the network and also between the lead factory and the network itself (Miltenburg 2009; Riis et al. 2007). For example,
Cheng, Farooq, and Johansen (2015) point out that it is not
sufficient to study plants as separate units, as an international manufacturing network is generally described as a
plant network with matrix connections. Jaehne et al. (2009)
suggest an extended supply chain model, but for global production networks, a value network. Accordingly, there is a
need to take a broad perspective that should include highlighting interdependent coordination since each plant in the
network affects the other plants and therefore cannot be
managed in isolation.
In addition, previous research shows that the role of the
company is not static. Slepniov, Waehrens, and Johansen
(2014) demonstrate that the idea of transferring ‘only’ strategically neutral parts of production and retaining strategically important production activities at the home base may
be difficult to implement. By contrast, it has been shown
that subsidiaries are strategically expansive, i.e. the role of
offshored sites is likely to be upgraded and could entail new
capabilities (Adeyemi et al. 2014; Feldmann et al. 2013;
Ferdows 1997a, 2006). Consequently, the relocation of certain production activities to other sites may eventually lead
to the relocation of the remaining production activities to
the upgraded offshore site and a loss of production capabilities at the home base, as well as a geographic separation
between production and innovation activities (Slepniov,
Waehrens, and Johansen 2014). However, a perceived or
actual loss of competence in manufacturing would result in
an almost instantaneous loss of this status (Prajogo and
Sohal 2004).
Since companies today not only offshore manufacturing
activities more than they used to (Cheng, Farooq, and
Johansen 2014; Søndergaard, Oehmen, and AhmedKristensen 2016), the increasing globalisation of manufacturing networks is continually changing and constitutes a
severe risk for lead plants. When increasingly more manufacturing activities, including knowledge-intensive and proprietary manufacturing tasks, can be mobile or relocated, an
increasing number of countries have become viable
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Table 1. Overview of the interviews conducted.
Case

No. of respondents

Role of respondents

A
B

2
8

C

6

D

11

E

8

F

4

G

11

H

7

Senior advisor (lead factory) and Lean process manager (lead factory).
Head of manufacturing (lead factory), Operations director (lead factory), Head of internal supply chain (management),
Head of operations – internal supply chain (management), Operations strategy manager (management), Manufacturing
engineering manager (management) and two Heads of Operations (subsidiary).
Director of manufacturing research and concepts (lead factory), Productivity engineering manager (lead factory),
Manufacturing engineer (lead factory), Simulation engineer (lead factory), Manufacturing research and simulation
manager (lead factory) and Senior expert in manufacturing engineering (lead factory).
Head of project management and global support (lead factory/central), Project manager in the global support
department (lead factory), General plant manager Sweden (lead factory), Vice president and general plant manager
(subsidiary), Assembly manager (subsidiary), Operations director (subsidiary), Maintenance manager (lead factory),
Quality and logistics manager (lead factory), Production manager (lead factory), Assembly manager (lead factory),
Finance manager (lead factory).
Area chassis and final assembly manager (central), Director of chassis and final assembly technology (central), two
Manufacturing technology managers (central), two Managers of knockdown global operations (central), Pilot plant
manager (lead factory) and Central technology manager (lead factory).
Director of industrial engineering (lead factory), Production manager (lead factory), Technology manager (lead factory)
and Director of manufacturing and engineering components (central).
Global head of manufacturing engineering (central), Head of lean management (lead factory), Global functional head
of engineering, technology and quality (central), four Functional heads of manufacturing engineering (three at lead
factory, one at subsidiary), First line manager (lead factory), Coordinator (lead factory), General manager (subsidiary),
Industrial engineer/project manager (lead factory).
Three Plant managers (lead factory and two subsidiaries), Process development manager (lead factory), Process
developer (lead factory), Head of global production technology (central), Head of machine centre of excellence (central).

contenders for a company’s production operations and the
number and significance of location decisions has increased
(Porter and Rivkin 2012). As a result, subsidiaries and production plants that do not have a lead plant role in the manufacturing network have started to change their roles by
increasing the scope of their activities and by seeking more
autonomy in order to reduce the control of lead factories
and the headquarters in their operations (Adeyemi et al.
2014). If one plant changes its role in the network it will
have an impact on other plants in the network (Cheng,
Farooq, and Johansen 2011; Feldmann et al. 2013) and
Cheng, Farooq, and Johansen (2011) demonstrate how a
plant role might evolve in a network. Accordingly, it is even
more challenging to uphold the lead plant role in today’s
global and rapidly-changing networks. On top of this has
been an evolution in the role of the lead factory in the network, which creates uncertainties regarding the meaning and
scope of the lead factory role.
To sum up, while the above-discussed research provides
important insights into the lead factory concept, it primarily
addresses the lead factory role at a network level and there
is little research concerning the operational level and the
operationalisation of the lead factory role. Current literature
does not elaborate on different lead factory set-ups and the
different challenges the lead factory role can entail depending on the lead factory set-up in relation to the rest of
the network.

3. Research design
In order to investigate the application of the role of the lead
factory and its inherent challenges, a multiple-case study of
eight cases was carried out. The case study approach
enabled an in-depth study of the operationalisation of lead
factories and the challenges related to the role in the reallife context of the manufacturing network (Yin 2009). The
selection of cases was based on an assessment of the

company’s responsibilities and actions in the network and if,
according to previous literature, they were to be classified as
lead factories, as some companies did not have a clear structure with formal role appointments (or called it something
else) but still had acting lead plants. Each case comprises
one or more lead factories in the company’s global manufacturing network and was selected based on their willingness
to better manage the lead factory role. Two of the cases
(Cases E and F) belonged to the same division in their company but were lead factories in different product areas. Each
case company and its lead factory set-up are described in
more detail in Section 4.
Data were gathered through interviews, questionnaires,
collected documents, informal discussions and workshops.
The primary source of data was gathered through 57 semistructured interviews. The interviews lasted from between 22
and 133 minutes and were primarily single face-to-face interviews. A few telephone and Skype interviews were conducted due to the respondents being far away, and a small
number of group interviews were conducted because of
planning issues or requests from the interviewees. The number of interviews per case varied with a minimum of two
respondents per case (see Table 1). The variation in the number of interviews conducted was due to access and time/
resource limitations, which prevented all the case companies
being studied to the same extent. The interviews were, however, not the sole source of data, as questionnaires and informal discussions and workshops were also employed to help
build an understanding of the cases and their narrative.
The respondents in the interviews were chosen based on
their involvement in the lead factory management and execution. As the study focuses on the operationalisation of the
lead factory role, the majority of respondents were organisationally positioned at the lead factories but had some element of global responsibility. Cases B, D, E, F, G and H also
included respondents from central organisations or top management and Cases B, D, G and H also included respondents
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Table 2. Overview of the lead factory set-ups and its responsibilities.
Lead factory responsibility
Case

Line of business

Lead factory level

A
B
C
D
E
F
G
H

Pharmaceutical
Rail industry
Automotive
Automotive
Automotive
Automotive
Aerospace
Discrete
manufacturing

Launch site
Launch site
Virtual
Plant
Pilot plant
Plant
Plant/site
Plant

Product
resp.

Process
resp.

Intro.
plant

Support to
subsidiaries

Lead
in NPD

No. of subsidiaries
in direct network

No. of plants in
extended network

X
–
X
X
X
X
–
X

–
–
X
X
–
–
–
X

X
X
–
X
(X)
–
–
X

–
X
–
X
X
X
X
X

–
–
–
X
–
X
X
–

–
5
1
2
4/6 þ DCs
8
11
4

27
15
8
15
45 plants and 55 DCs
45 plants and 55 DCs
62
140

from the subsidiaries to widen the perspective of the lead
factory role and the execution of it.
An interview guide was used in regard to the respondents’
organisational positions. For respondents at the lead factory,
central organisations and top management, the questions
covered the respondents’ roles and background information,
manufacturing network structure and prerequisites, role of the
lead factory, and its responsibilities and inherent challenges.
For respondents at the subsidiaries, the questions covered the
respondents’ roles and background information, subsidiary
plant structure and prerequisites, and the relationship to and
expectations towards the lead factory. All interviews were
recorded and transcribed. Due to the exploratory nature of
the research, the interview guides were slightly altered during
the process of data collection in order to apply new insights
and relevant aspects that emerged.
The interviews were complemented by two written questionnaires for all case companies. One of the questionnaires covered
the experienced position of the lead factories in the network
and their part in decision making, while the other questionnaire
focused on the value created in the network by applying a lead
factory concept and the follow up of the created value. The
questionnaires were answered by persons with key positions
with respect to the lead factory responsibility and role fulfilment
at each case company. To add to the insights derived from the
interviews and questionnaires, documents were also studied,
including documents describing the network structure, role of
the lead factory in the network and other company-specific
information. Furthermore, informal discussions and workshops
with managers and engineers at the lead factories were held
and observations were made with respect to the concept of the
lead factory’s role and the challenges as encountered.
The multiple-case study analysis was conducted in two
stages: a within-case analysis followed by a cross-case analysis
(Merriam 1998). During the within-case analysis, data were
analysed to create a narrative that was used to describe and
develop an understanding of the application and operationalisation of the lead factory role in each case and the inherent
challenges in each case context. Summaries of these narratives are presented in Section 4. The cross-case analysis aimed
at building theory across the cases to create a general explanation of the study of the lead factory role and its inherent
challenges. The cross-case analysis was conducted in four
stages including coding, clustering, categorising and subsuming the data into patterns (Saunders, Lewis, and Thornhill
2012). First, each interview was coded separately by two

researchers according to pre-set categories: capabilities, structure, identity, interaction, challenges, created value and miscellaneous. The two codings were compared and compiled.
Following this, similar entities were clustered and categorised.
The categories were of a data-driven nature and addressed
different types of lead factory set-ups, prerequisites and challenges related to the lead factory role. The coded and clustered data were then analysed and patterns across the cases
were searched for in relation to the different set-ups identified. To further strengthen the data set concerning challenges,
a second round of data collection was conducted in which the
compiled list of identified challenges from the interviews,
document collection and questionnaires were sent out to one
or two key representatives at each case company to record
which of the identified challenges they primarily experienced
and also rank the top five most experienced challenges. The
respondents were also asked to add challenges if they felt the
list was incomplete. From this, the identified challenges were
ranked based on the weighted average.

4. Operationalisation of the lead factory role
In the following sections, the eight cases are described with
a focus on the operationalisation of the lead factory role.
The case descriptions include general introductions to the
companies and their networks, a summary of the application
of the lead factory role and responsibility and a description
of the lead factory’s relationship to the subsidiaries, other
lead factories within the network and/or the management.
The lead factory set-ups are summarised in Table 2.

4.1. Case A
Company A is a large global pharmaceutical company with
27 manufacturing sites distributed across 16 countries. The
lead factory is located in Sweden and has a long manufacturing tradition. With 3800 employees distributed over two
plants, the lead factory is recognised as the largest high-tech
manufacturing site in the network and manufactures around
35% of the company’s total production volume. The company has several lead factories in its production network that
are responsible for different product segments. The lead factory being studied has officially been assigned the responsibility for two main areas: (1) supply and manufacturing of
the products in its product segment of responsibility and (2)
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new product introduction of all products launched in the
product segment’s market.
The lead factory is currently the only plant in the network
that can manufacture the full range of products in its product segment and for different markets. The other plants
solely manufacture a few products or are responsible for
packaging for the regional market. As the lead factory is the
designated launch site for new products, it is highly involved
in new product development processes. This requires close
collaboration with R&D, which is located in another Swedish
city. The lead factory is responsible for conducting the
company’s audit work but has no assigned responsibility nor
any formal mandate to make the subsidiaries comply with
standards or develop other plants in the network.
The collaboration between the different plants in the network is generally considered to be good and is usually based
on a mutual exchange between all involved parties so that
everyone can learn from each other and improve their performance. After merging with another company, the
company’s headquarters were transferred from Sweden to
another country. As a result, the lead factory lost its close
relationship with the top management and all important
strategic decisions are now taken at a higher level.
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distributed over three countries. The lead factory belongs to
a segment of the company that manufactures one of the key
components of the final product.
In the business segment in question, the aspiration with
the lead factory concept is a virtual lead factory. The idea is
that the master processes should be developed virtually and
then implemented at the physical factories. This desired lead
factory set-up is new and has only recently been started due
to a change in ownership. Currently, the direct network of
the lead factory comprises two physical plants, one located
at the site at which the virtual development takes place and
one located in a different country. The staff at the plant
located at the same site as the virtual development has
extensive manufacturing experience, while the other plant
started its manufacturing only two years ago.
The majority of R&D and management are located in
another city than the physical plant. Although the company
management is located in another city, the relationship is
considered to be close as there are continuous interactions
between different functions and persons. Nevertheless, the
distance slows down the decision-making process.
Furthermore, since the company is part of a larger company
with several brands, the general management is located on
another continent.

4.2. Case B
Case company B manufactures products for the rail industry.
The company’s division comprises three product segments.
The Swedish plant being studied specialises in manufacturing
parts of the products in one of these segments. The plant
has around 200 employees and the direct production network they belong to includes five plants, although the entire
network is much larger. R&D of the specific product segment
is located in the same city, while the company’s headquarters are located in North America.
A few years ago, the plant initiated an attempt to become a
lead factory. As there is extensive experience of development
of assembly systems and manufacturing technologies at the
plant, as well as the introduction of new products, the plant
wanted to change its role from a high-volume manufacturing
plant to a lead factory, including a focus on being an introduction plant for new products in its segment. However, shortly
after receiving approval for the plant to become a lead factory,
there was a larger restructuring and the top management was
replaced. This led to new organisations in which new business
models are to be introduced. However, the lack of clarity
regarding the aforementioned new business models and the
absence of a clear mandate has caused confusion. There is no
clear directive on how the lead factory concept should be
established in the network, nor is there a clear description of
the lead factory’s role, responsibility, budget or resources. While
the new organisation is being established, the plant currently
acts as a lead factory by supporting other plants in its network.

4.3. Case C
Case company C is part of a company in the automotive
industry with eight manufacturing or assembly plants

4.4. Case D
Case D is part of a global manufacturing company in the
heavy vehicle industry. The company has 15 manufacturing
sites located in nine countries. As a result of a previous merger between two companies, the headquarters are located in
a ‘neutral’ country where no manufacturing is carried out.
The company has several lead factories in the network;
each is assigned the lead factory role for a specific product
segment, at either component or final product level. The
study focused on a lead factory at the component level. The
lead factory, located in Sweden, has approximately 500
employees. The lead factory being studied has a long tradition of manufacturing in the specific product segment. The
lead factory is located at a larger site, at which other organisations and functions in the company, such as product development, sales and aftermarket are represented. Due to its
role and because the plant is geographically close to product
development, it actively contributes at an early stage in product development projects to ensure high manufacturability.
At the lead factory, all new products are introduced and
ramped up to full production. The verified manufacturing
and assembly processes are then transferred to the subsidiaries. Furthermore, to assist in the development of the subsidiaries, their employees are educated and trained at the
lead factory.
Currently, the lead factory’s direct network includes two
subsidiaries, one that has been part of the network for several years and one that was recently established. The new
plant is rather inexperienced and requires a significant
amount of support from the lead factory. The establishment
of the new plant was heavily influenced by the lead factory
and the lessons learned are based on its current production
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set-up. As a result, the new plant has a more efficient layout
and newer production technology compared to the lead factory. The lead factory has recently started to follow up the
work at the subsidiaries through audits in order to ensure a
common manufacturing process across the network and to
share best practices. There are also area-specific networks led
and coordinated by the lead factory to enable the sharing of
best practices.
To handle support to the subsidiaries and to manage
transfer projects, the plant has a specific department comprising four employees responsible for project management
and global support. However, the department is not responsible for general long-term production development in the
company. This has led to conflicts and misunderstandings at
the lead factory, as many employees outside this department
have assumed that the entire lead factory responsibility only
lies with the global support department and not at factory
level, even though the department has been assigned only
part of the entire responsibility of the lead factory.
Although the lead factory’s role is officially assigned by
the top management, the lead factory does not have a
strong voice when decisions are taken regarding where components should be manufactured. Each plant develops its
own business case, although it is the lead factory that provides all the input in terms of estimated production data
and calculations, as the subsidiaries do not have this specific
knowledge. However, the lead factory has no insight into
how the subsidiaries apply these figures when developing
their business cases. For example, there are instances in
some business cases where the subsidiaries have overestimated their own capability or underestimated the complexity
and risks related to the product transfer.

4.5. Cases E and F
Cases E and F are both parts of a large global manufacturing
company in the automotive industry with 45 manufacturing
sites and 55 distribution centres. The company started its
operations in Sweden and has expanded by acquiring several
brands for different markets; the headquarters are still
located in Sweden. The company has a central operations
department, which is not directly linked to the plants,
designed to support long-term development and to be
responsible for the master processes. The manufacturing
sites are grouped into manufacturers of the final product or
of the components. Accordingly, the company has assigned
the lead factory role to several plants depending on the specific product manufactured at the respective plant. The study
includes four lead factories, all located in Sweden, responsible for different product segments in their areas. Due to
differing lead factory roles in the network structure and how
the lead factory concept was organised, the findings are differentiated into two cases, E and F.

4.5.1. Case E
The two plants in Case E belong to the final assembly network and have four and six manufacturing sites in their

respective direct networks. They also have a number of distribution centres (DCs). Both plants in Case E have designated a physical area as their lead factory, labelled ‘pilot
plant’. The lead factories are responsible for the development
and validation of new processes and methods before these
are implemented in serial production. The serial production
plants, in which the lead factories are located, have a long
tradition and experience of manufacturing their respective
product segments.
One of the lead factories is located close to the headquarters and all central functions, including R&D and central
development departments. Furthermore, there is a difference
regarding the introduction of new products. For one of the
lead factories, the newly-developed processes and methods
can be implemented at any assembly plant in the manufacturing network and are not necessarily implemented at the
site at which the lead factory is located. Contrary to this, for
the other lead factory, the introduction of new products
always takes place in the plant at which the lead factory is
located. Both lead factories also support other plants around
the globe and provide a training as well as a meeting arena
for the entire network.

4.5.2. Case F
The direct network of Case F includes eight component manufacturing plants distributed across five countries. The two
lead factories have around 1500 and 2800 employees,
respectively, and are the largest plants in their product segments. Both plants have a high degree of advanced manufacturing technology and a long manufacturing tradition.
However, they have only recently been assigned lead factory
responsibility.
The component manufacturing lead factories have a different structure compared to those that manufacture the
final product. In these lead factories, the entire plants are
considered the lead factory. The lead factories are responsible for long-term production development in accordance
with the technology roadmap, giving support to the subsidiaries and being representatives in new product development projects. The technology roadmaps include the
identified future production development requirements that
are developed centrally with input from assigned specialists
at the lead factories. These specialists are, in turn, responsible for production development. Production development
activities are, however, strongly affected by the central
organisation, in which all development activities are coordinated, resources prioritised and decisions regarding investments made. In this central forum, all plants are represented
and the ambition is to reach a common agreement.
The lead factories are at the same level as the other
plants in the network and final decisions are taken centrally.
However, when it comes to new product development projects, the lead factories represent all sites. R&D is not located
in the same city as either of the plants. There are also examples where the lead factories are responsible for maintaining
knowledge and development activities of manufacturing
processes related to products that are manufactured at subsidiaries but not at the lead factory itself.
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4.6. Case G
Case company G belongs to a large global company in the
aerospace industry. The company network has grown extensively during the last decade by acquiring existing plants.
The business sector to which the case company belongs
comprises 12 plants in four different countries. The case
company is part of the largest production site in the network
with 2000 employees. Besides this, the production plant site
also hosts parts of R&D, central development functions and
large parts of management.
The lead factory is not only by far the largest, but also
one of the oldest plants in the network. Based on its size in
terms of personal resources, its wide-ranging and deep level
of competence and extensive production experience, the
plant has a lead factory role in the network and, from both
top management as well as from the other sites, is expected
to assist and support the other plants, although there is no
official lead factory structure. Many of the other plants in the
network turn to the lead factory for assistance with different
types of production-related matters such as operations and
the development of manufacturing technology, production,
processes or quality improvements and system support. The
lead factory often supports the subsidiaries, both remotely
and by sending personnel, on both a long-term and a shortterm basis. Most often, and especially for larger/longer initiatives, the receiving plant has to pay for the supporting
resources assigned from the lead factory, as it does not have
any extra or dedicated resources for global support. The lead
factory also plays a leading role in new product development
and is the speaking partner and link to R&D for the majority
of the subsidiaries. Only a few of the other plants have direct
contact with R&D.
The case company is also a driving force in different types
of strategic decisions. For example, a second R&D site was
established and initiated by the lead factory to relieve the
pressure on the current site. The lead factory is also a driver
in strategic decisions, such as where to locate manufacturing
and engineering activities, as well as in deciding on the way
of working.

4.7. Case H
Company H is a very large global manufacturer of precision
steel products. The plants in the network are divided into
clusters based on product types. The cluster that the case
company belongs to includes four other plants. With its 1000
employees, the lead factory, located in Sweden, is the largest
plant in its direct network and also one of the largest plants
in the entire company.
In each product cluster is a lead factory expected by both
management and the other plants to take a leading role in
development activities and provide support to the other
plants in the network. This role is usually assigned to the
largest plant due to its size in terms of resources, and also
experience and competence level. The lead factory being
studied was the first plant in the entire network and has a
long tradition of production in its segment. Due to its size, it
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also has a wide and deep array of competencies and is considered a natural lead factory. This plant is also the only
plant in its network that manufactures all types of products
within its segments, while the subsidiaries only produce
parts of the product range. New products and variants are
initially introduced at the lead factory and new production
processes are initially developed and/or implemented and
tested at the lead factory. The lead factory also provides production-related support to its subsidiaries and takes the lead
in production development activities. It also gives recommendations in development projects and prepares the basis
for investment decisions at the network level. However, as
the lead factory role is not an official role in the network,
there is no separate function or resources, but the department of process development is primarily involved in the
lead factory-related work. The plant is, however, working
towards an official structure to clarify its responsibility and
be able to organise itself accordingly.
The lead factory is located at the same site as R&D, company headquarters and other central development and support functions. Thus, the subsidiaries in the network
sometimes find it difficult to separate the plant from the
entire site, including R&D and headquarters.
There is some collaboration between the different acting
lead factories in the extended network, but there is also a
perceived difference in the openness and willingness to
share and assist others. This difference was also highlighted
by the subsidiaries that had engaged in collaborations with
several of the acting lead factories.

5. Challenges related to the lead factory role and
its operationalisation
In this section, the empirical findings on the challenges associated with the lead factory role and operationalisation
are presented.

5.1. The lead factory role, responsibilities and mandate
A challenge that all the case companies faced to some
extent was uncertainty related to the lead factory role and
its responsibilities. Understandably, the plants from companies at which the lead factory structure was not fully formalised and the role appointment was more unspoken than
official – such as in Cases B, C, G and H – experienced uncertainty regarding what was expected of them. However, the
fact that there were expectations for the plant acting as a
lead factory was confirmed by the respondents outside of
the lead factory (at subsidiary, central function and/or management/headquarter level). As the lead factory structure
was not formalised, there was no clear directive to relate to,
which caused confusion. Also, at formally - appointed lead
factories, such as in Cases D–F, it was unclear what the lead
factory’s roles fully entailed and what responsibilities came
with it. To extend this challenge, respondents in several of
the cases also raised the question of what was not included
in the lead plant role. The Process development manager in
Case H expressed it thus: ‘We don’t know if or when we can
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say no.’, for example, when subsidiaries ask for support, as it
was not evident what actually falls outside the lead factory’s
responsibilities. In the case Company C, for example, the
new virtual lead factory structure, its meaning, what it
involves and what formal responsibilities it includes was
unclear. Despite an existing lead factory role description in
Case D, there was also a high level of uncertainty as it was
not clear if the lead factory responsibilities rested on the
department, plant or site level. Also, in Cases G and H, similar problems were experienced, but by the subsidiaries, as
the lead factory was located at a larger site that contained
R&D and headquarters and the interfaces between them
was blurred.
With regard to the unclear responsibilities or role description, there was, in all cases, also the challenge of an unclear
mandate or lack of a mandate to be able to fulfil the lead
factory responsibilities, e.g. connected to the standardisation
of the working methods. Case companies D and E, which
were formally appointed and responsible for developing
standards, pointed out that they had no mandate to make
the subsidiaries follow them. In Cases A and D, the case
company was, for example, auditing the subsidiaries’ way of
working, but without a mandate to control it. In several
cases, it was stated that it desired a mandate to make the
subsidiaries comply with new procedures and standards for
it to be able to fulfil its lead factory role. It clearly emphasised that it was hard to make the subsidiaries accept directives from the lead factory and it often experienced a ‘not
invented here’ mentality. One of the lead factory managers
in Case E expressed this frustration, stating: ‘Why don’t they
just do as I tell them?’ A senior advisor in Case A stated: ‘We
have a pilot plant where, for example, we test new technologies but I don’t know how much of this is transferred within
the network’.

5.2. Standardisation and subsidiary diversity
The challenge of resistance by the subsidiaries in complying
with directives from the lead factory relates to different
aspects of another common challenge, that of standardising.
In all cases, the plants in the network differed in their prerequisites, such as size, competence/experience, product
range, local regulations and customer requirements, which
made it difficult to collaborate, and also for the lead factory
to exchange developed knowledge between the plants. The
differences not only limited the possibilities and effects of
fruitful collaboration but also made it difficult to standardise
solutions or working methods. The majority of the lead factories had difficulty making trade-offs between the degrees of
global standards and required local adoptions. As expressed
by the product engineering manager in Case C: ‘We want to
make major purchasing decisions globally [ … ] in the same
time we want to find the optimal solution for each plant’. In
Cases E and H, the respondents pointed out that, for
example, investment decisions were not centrally coordinated to the desired extent but were instead influenced by a
high degree of local development. There were even

examples in which similar development activities took place
at different plants, thus bypassing the entire lead
plant structure.
Physical prerequisites such as plant layouts, type, level of
equipment and degree of automation also made it difficult
for the lead plant to be a physical ‘role model’. In Case D,
this became evident as the lead factory supported the development of a new plant in the network. This resulted in a
subsidiary with a more efficient layout and newer production
technology compared to the lead factory. Also, in Case H,
the unfeasibility of the lead factory always having the latest
technology or systems in every aspect was discussed, as the
lead factory could help a subsidiary invest in the most
advanced up-to-date equipment, which would make a significant improvement. The same investment for the lead factory might only involve an incremental improvement instead
and is, therefore, not feasible. In Case C, this problem was
avoided to some extent by having a virtual lead factory concept that could always be kept up to date with the latest
equipment, etc. It did, however, experience other challenges.
As the virtual plant was considered to be a master plant in
terms of its production processes, it was extremely important
to use updated information and ensure that the virtual plant
was continuously updated as soon as changes were implemented in any of the physical plants. However, this required
changes at the physical plants to be continuously registered
in a consistent manner.
One major impact on the execution of the lead factory
role appears to be the product types and range at the plants
in the network. In Cases E and F, this became clear as the
lead factory role took very different forms, despite being part
of the same company. In Case E, as an assembler of the end
product, the collaboration was considered challenging, since
all plants in the network handled different brands and their
organisational affiliation related to different markets. Thus,
the lead factories had to collaborate with a vast range of
stakeholders with differing directives. Furthermore, there was
ambiguity relating to governance and how the lead factory
should work and communicate with the diverse stakeholders
in the development process. This was considered challenging. It can be reflected that this might be one of the main
reasons why its lead factory set-up was strongly focused on
creating a meeting arena. The situation was not the same in
Case F, as the manufacturing of components was much
more standardised among the brands, i.e. the same components were supplied to internal customers irrespective of
brand. Therefore, its lead factory role was much more
focused on long-term production development activities, as
there were greater opportunities to standardise the production in its network.
In Case B, all the subsidiaries had different product variants and models and it was not clear how much knowledge
of all products was required by the lead factory. In several of
the cases, such as A, D and H, one of the motivations for the
lead factory appointment was that the plant had the ability
to manufacture the whole product segment, although this
was not always the case. Thus, one major challenge for lead
factories is to be responsible for manufacturing products
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outside the lead factory’s own scope and this includes competence in both products and production processes.
The difference in experience, competence and resources
at the subsidiaries also affected the type and level of support
required from the lead factory. In Case D, this was clear, as
one of the recently established subsidiaries required a lot of
support at all levels, while the well-established subsidiary
had a much higher level of autonomy, i.e. it worked independently and had its own development initiatives, which
were rarely coordinated with the lead factory. Similar experiences were expressed by several other lead factories. The
lead factory must deal with and manage a large range of different requirements and adjust its way of working to fit
each subsidiary.

5.3. The network perspective
Another challenge was that development initiatives were still
carried out in other plants without the involvement of the
lead factory. In Case A the lead factory was responsible for
spreading best practices in the network. If a particular solution was developed in one of the smaller plants in the network without the oversight of the lead factory, it may work
well in that particular setting, but it was unclear how it
might work in a large-scale manufacturing environment or in
other plants in the network. Thus, there is always a risk that
the proposed solutions become a global standard for the
entire company, even though this might have a negative
impact on the other plants. More specifically connected to
the operationalisation of the lead factory role was the challenge of putting the benefit of the network before the benefit of the plant. The need of a shift in mindset from putting
what is best for the network before what is best for the
plant in acting as a lead factory was understood, but still
had its challenges. This was expressed by the head of manufacturing engineering in Case B thus: ‘There is a challenge in
people’s mindsets here [ … ] from thinking that we need to
optimise our plant, we should optimise our business unit or
competitive advantage and build a spirit of comradeship’.
Some respondents, however, considered this to be an ethical
dilemma concerning loyalty to the plant at which they work
versus loyalty to the network as a whole.
As discussed above, one of the key points of the lead factory role is to put the benefit of the network first, as the
lead factory is expected to be a knowledge creator for the
entire network. To be able to accomplish this, a good understanding of the subsidiaries’ prerequisites and requirements
is a key lead factory capability. As pointed out by one of the
respondents in Case F: ‘We have to understand that our needs
are not always their [the subsidiaries’] needs’. However, as discussed in the previous section, the diversity of the subsidiaries makes this task challenging. In Case D, the interviewees
considered it particularly challenging to have knowledge of
and represent the local needs and conditions of all subsidiaries in the product development projects. In Cases E and F,
engaging the subsidiaries in development work and making
them feel involved and motivated and avoiding the ‘not
invented here’ syndrome were highlighted as challenging.
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One of the main ways of overcoming this was to make the
subsidiaries understand the benefits of having a lead factory
structure; however, this was not always the case. Some
emphasised that this was a management issue and did not
rest on the lead factory. Nonetheless, these internal politics
were considered a challenge in which subsidiaries did not
respect or accept the lead factory structure in itself or the
plant that was appointed the role. In Cases B and H, internal
competition, specifically for the lead factory role, was
described as a challenge, while in Cases B, D, E, F, G and H,
the internal competition for production volumes was also
considered to be challenging and a background to the resistance towards a lead factory structure. In Case D, the case
company also felt that the other plants had a tendency to
‘oversell’ themselves and did not take risks into account
properly when it came to making business cases, for
example, when considering new products. This was one of
the reasons why it also wanted the lead factory to weigh in
more strongly on certain decisions by having a neutral voice
that protected the best for the network.

5.4. Lead factory operations
One challenge when it comes to operationalising the lead
factory role related to the lack of formalised processes and
structures for carrying out the lead factory responsibilities.
For example, only a few lead factories conducted continuous
or structured audits or follow up of subsidiaries. The lack of
follow-up not only made it difficult to understand their
needs but also made it hard to identify current best practices
and promote them within the network.
In Cases A and B, the lack of an established working
method in the network raised issues about how to achieve
an efficient organisation that ensures the transfer of knowledge to the proper functions among the plants in the network. In Case C, the respondents described themselves as
beginners in respect of having global production in more
than one location. Thus, responsibilities, procedures and
ways of collaborating with the subsidiaries were not entirely
established at a detailed level. Lack of formalised processes
and routines to carry out the lead factory responsibility was
mentioned by most of the case companies. In Case F, it was
stated difficult to acquire knowledge of the needs of the
plants in the network as there was only a limited number of
collaboration activities in the global network. Both lead factories were well established locally, but relatively new in
their global role. Currently, network activities only take place
to a limited extent and fully taking lead factory responsibility
was considered difficult, as the subsidiaries work quite independently. In, for example, Cases B and H, there was also a
lack of coordination and collaboration between the different
lead factories in the company as a whole. This was considered a challenge, especially when a subsidiary had to relate
to several lead factories that all worked in different ways. At
several of the lead factories, such as G and H, the lack of
processes for handling the subsidiaries’ requests for assistance was also apparent. This often took place on an ad hoc
basis and to a large extent depended on individuals, as the

106

A. GRANLUND ET AL.

subsidiaries most often contacted someone they knew at the
lead factory, usually, someone they had received assistance
from before or that they knew possessed the required skills.
Also, in cases where there were actual guidelines for handling requests from subsidiaries, contact was often initially
made in an ad hoc way and then subsequently processed
through official channels.
One of the main reasons for the lack of formalised processes and structures, and a major challenge to the lead factory operationalisation, in general, is a lack of or insufficient
dedicated resources at the lead factory to perform the role.
The level to which the lead factory role structure was formalised in the network played a large part in this, but the relationship between having no formal responsibility and no
resources and vice versa was not conclusive. As the lead factories had different approaches to where the responsibility
lay, for example, at the plant, pilot plant or virtual level, this
rather influenced whether or not there were clearly dedicated resources. In Case D, a dedicated department for coordinating the lead factory role was no guarantee of receiving
enough dedicated resources, as there was confusion as to
where the lead factory responsibility really lay, i.e. at department, site or plant level. The need for, and often the lack of,
dedicated resources at the subsidiaries to support global
development activities was also considered a challenge.
However, at the lead factories, the lack of resources mainly
took the form of a challenge in balancing long-term development and daily operations, which made this another major
challenge. In Case D, it was difficult to work with long-term
production development outside specific new product development projects due to shortages in resources, as well as
the absence of a training and development centre at the
plant. Even in Case E, in which long-term production development was an explicit lead factory responsibility, this could
not be avoided, as there were also demands on the Pilot
Plant to carry out serial production, which limited the time it
could work on long-term production development. In such
cases, the lead factory resources could usually also support
serial production at the respective plants hosting the Pilot
Plant. Also, because these employees are highly experienced,
they are also highly sought after by these plants.
In Case F, the specialists had a limited amount of time
dedicated to long-term development work tasks. This could
be conflicting as the specialists were also involved in daily
operations and had to prioritise between long-term development and the daily needs of the plants. The challenges also
involved resource planning. In cases F, G and H it was
emphasised that it was hard to prepare and plan for the
plant resources if the subsidiaries’ current and future needs
were unknown as these change rapidly and also vary over
time. In Case H, during the time of the interview, as much as
50% of the resources at the lead factory’s department of process development was currently involved in global support
or in development activities.
Having the right types of resources and competencies to
execute the lead factory role was also challenging. In Case C,
it was not enough to only understand the needs required to
build a virtual plant. To be employed at the virtual lead

factory, traditional production engineering knowledge of production processes was also necessary to make the most optimal decisions about the future production set-up.
As the majority of the lead factories being studied were
responsible for providing support to the subsidiaries, this
often resulted in lead factory staff travelling to assist on-site
at the subsidiaries on both short and long-term initiatives.
Besides this, there were challenges regarding having resources with the right competencies and personalities to spare
and also, on a personal level, it had to be someone who was
able and willing to do this, as it most often did not form
part of that person’s normal job description. Aspects such as
personal preferences and family situations were considered
to be underestimated as a challenge by, for example, Case
companies D, G and H.
Furthermore, the lead factory role could also involve disturbances in the daily operations at the lead factory. In Case
D, the training of staff from the entire network was carried
out in running operations, which created disturbances and
interruptions in the production at the lead factory.

5.5. Management aspects and relationships
In relation to a lack of a mandate, several companies also
stated that a strained relationship with management and
poor insight into, and influence on, management decisions
was a challenge. Many of the lead factories contributed to
decision making by preparing a basis for decisions, by offering suggestions or by performing evaluations. When it came
to strategic decisions for the network, such as the localisation of development or production activities, investments
and purchasing standards, Cases A, D and E found it challenging to not be involved in decision making and wanted a
more prominent role in decision making to be able to fulfil
their lead factory role. The challenge of not being properly
part of decision making appears to be related to a significant
geographical distance from the company’s headquarters, as
this was the situation in cases where this was highlighted as
being problematic. At the lead factories located on the same
site as the company’s headquarters, this was not mentioned
to the same extent, but instead, there were more often,
especially from the subsidiaries difficulties in separating the
lead factory from the rest of the site. This could, in some
cases, create confusion but also, as in Case H, increasing tension between the sites in the network, as some felt they
were being even more overlooked. Several case companies
also pointed out the challenge of the lead factory structure
or role not being static but changing in line with organisational or management changes. This was, for example, very
clear in Case B, where the company had to make organisational changes several times to adjust the lead factory role
to suit the new organisation and the new management ideas.
Also, the geographical distance to the R&D department
and other central development functions were challenging
for the execution of the lead factory role in cases where
these were not located at the same site as, for example, in
Case C. The virtual lead plant set-up in Case C and the
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Table 3. Summary and ranking of identified challenges.
Ranking
1
2
3
4
5
6
7
8
9
10
11
12
13
13
15
16
17
17
19

Challenge related to the lead factory role

A

B

C

D

E

F

G

H

No/not enough or the right type of dedicated resources at the lead factory for lead
factory activities
Balancing long-term development vs. daily operations
Difficulty measuring/showing the benefits of the lead factory role
Unclear lead factory role and responsibilities
Lack of/unclear mandate associated with the lead factory role
Lack of formalised and standardised processes and structures for carrying out lead
factory responsibilities
Lead factory compared on the same KPIs/goals as the subsidiaries
Lack of appropriate cost models
Difficult to balance levels of global standardisation vs. local adjustments
Putting the benefit of the network before the benefit of own plant
Poor insight into/influence on management decisions
No/not enough dedicated resources at the subsidiary level to support global
development activities
Different types of support needed from subsidiaries
Disturbances in daily operations due to lead factory activities
Internal competition in the network (for the role and/or volumes)
Differing prerequisites at the subsidiaries, difficult to understand and manage
Handling large product ranges including responsibility for products outside the
scope of the lead factory
Resistance at subsidiaries in accepting the lead factory role/directives from the
lead factory
Involving/motivating subsidiaries in development work

5

1

–

X

–

1

2

4

3
2
X
4
X

3
4
5
X
2

2
–
4
5
–

–
3
1
2
X

4
X
3
X
1

3
5
–
2
X

X
3
5
X
X

5
X
X
X
X

–
–
X
1
–
X

X
X
X
X
–
–

–
–
1
–
–
–

–
4
–
–
5
–

5
–
–
X
2
–

4
X
X
–
X
–

4
1
X
X
X
X

1
X
X
X
X
2

X
–
X
–
–

–
X
–
X
X

3
–
–
–
–

–
–
–
–
–

–
–
X
X
–

–
X
X
–
X

X
X
X
X
–

X
3
X
X
–

–

–

–

–

X

–

X

–

–

–

–

–

–

–

X

–

creation of a meeting arena in Case E were measures
designed to deal with these geographically distributed networks.
All lead factories being studied (with the partial exception
of Case E) were required, apart from their lead factory
responsibilities, to maintain an efficient serial production and
were compared on the same general production-related KPIs
as the other plants. This was viewed by the case companies
as being unfair or even unreasonable, particularly as they
often had no extra resources to perform the lead factory
role. Lead factory activities often took up a substantial part
of the lead factory’s resources, which were otherwise only
being directed towards improving the performance of its serial production. Also, virtually all of the companies considered
it difficult to measure or in other ways show the benefits of
the lead factory role and the value it created in the network
to warrant lower KPI levels. In particular, one of the main
KPIs discussed was cost per produced unit or similar, which
is understandably higher in a lead factory that is responsible
for resources for the long-term development and global support of the entire network. As expressed in Case F, the
company’s global development is financed by the lead factories, and they need to ensure that the competencies and
resources are available. Thus, the need for appropriate cost
models was strongly emphasised by some, but identifying
and/or applying them was considered challenging.

5.6. Summary and ranking of challenges
Based on the analysis, challenges related to the lead factory
role and its operationalisation were compiled and listed in a
survey. Table 3 summarises the results showing each
companies’ ratings of the most prominent challenges marked
X and the five main experienced challenges ranked from 1
to 5 (with 1 being the greatest challenge). The challenges in

the table are listed in order of weighted average. The ten
highest ranked challenges and their implications are discussed in the next section.

6. Discussion and implications
The purpose of this paper was to deepen the understanding
of the lead factory role by examining how it is operationalised and what challenges are associated with it. In this section the findings and its implications are discussed and,
based on this, possible future research areas have been highlighted as a contribution to the field.

6.1. Need for diverse views on the lead factory concept
In the paper, the applied lead factory set-ups of eight cases
are described and summarised in Table 2. It can be concluded that the cases strongly differ in regard to how the
lead factory role is operationalised and what the lead factory
set-up looks like. In these eight cases, the set-ups range from
companies that use the entire manufacturing plant as their
lead factory, to those that have dedicated physical areas separated from the traditional production plant, to those at
which a plant functions as a launch site for new products, to
those at which a virtual plant is considered the lead factory.
The dimensions and elements identified in earlier research,
therefore, appear to be insufficient in covering the entire picture of the lead factory concept, as they do not show the
extent to which the concept can be applied. It could also be
concluded that there are differences in what the lead factory
role involves in terms of the responsibilities associated with
it. Few lead factories covered the entire spectrum of responsibilities mentioned by, for example, Ferdows (1997a). This,
however, is not surprising as previous studies point out that
lead factories can be adapted to certain areas of
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responsibilities and that there are often several lead factories
with different responsibilities in the same network (Feldmann
and Olhager 2013, Hayes and Schmenner 1978). The majority
of the lead factories in the study were what Hayes and
Schmenner (1978) called ‘product-focused plants’, i.e. the
lead factory had been assigned for a certain product segment. As a result, it was responsible for the manufacturing
processes related to its product segment and also responsible for the development of these processes. Giving support
to subsidiaries also seems to be one of the most common
denominators when it comes to lead factory responsibility,
but there were also other aspects of responsibilities and different combinations in the cases studied, some of which
were not mentioned in previous research, such as creating a
meeting arena. Another distinct difference is the extent to
which the lead factory role was a formal responsibility or
not. It is argued that all the companies in the study are to
be considered as lead factories, as they not only assume the
role with its associated responsibilities, but also by virtue of
the fact that their management and other plants in the network expected them to, even though there was no formalised structure for different plant roles in the network. Also,
the non-formally appointed lead factories in the study are
expected to play a leading role in development and to provide support to the subsidiaries. This could indicate that the
lead factory role and structure is, instead, something that is
formed by actions and expectations rather than formal
organisational structures. These two findings emphasise the
need to expand previous studies of plant roles (Ferdows
1997a; Meijboom and Vos 2004; Vereecke and Van Dierdonck
2002) and to take a multi-dimensional approach when defining site roles in order to provide a more realistic picture that
is in line with those of recent studies (Cheng, Farooq, and
Johansen 2015 and Thomas et al. 2015). This could include
future studies to identify different lead factory types
and concepts.

6.2. Managing the lead factory responsibilities
In the paper, a number of challenges associated with the
lead factory role and its operationalisation are described and
summarised in Table 3. In the following sections, the 10
highest ranked challenges and their implications
are discussed.
The highest ranked challenge identified in the study was
a lack of dedicated resources, or the right type of resources
at the lead factory for lead factory activities. The implications
of lack of resources were that serial production and associated development activities at the lead factory were suffering due to the lead plant role demanding a lot of resources,
or that it was not possible to fulfil the lead plant responsibility to the desired extent. Few of the case companies were
assigned extra or dedicated resources for lead plant activities
and regarded this as unfair or impossible to assume the role
as there were a lot of responsibilities and activities associated with the lead factory role that demanded extensive
resources. By central management, this was often motivated
by the lead factory already being the largest plant and

therefore having more resources than the other plants. At
the lead factories it was also considered hard to balance
resources between daily operations and the lead factoryrelated activities, such as providing support to subsidiaries,
as those activities often fluctuated significantly over time
and were thus difficult to plan for. The lack of resources was
also reflected in – and the main reason for the second highest ranked challenge – the difficulty of balancing long-term
development and daily operations. Despite realising the
importance of having a long-term perspective and continuously driving new development, it was difficult for the lead
plant representatives to realise this in practice as serial production was always prioritised over development activities
when resources were scarce. However, this, in turn, was recognised as being a symptom of not having enough dedicated resources for development activities. A basic
motivation for the lead factory structure is that the total
amount of resources in the network can be reduced if competencies and development activities are concentrated in
one place and not redundant or recreated at each plant. For
reasons of competitiveness and sustainability, resources
should be kept to a minimum. However, for the successful
utilisation of the lead plant structure in a production network, it is important to find appropriate levels of resources
distributed over the plants and dedicated to different types
of activities. Also, the management of lead factories must
make it clear what activities should be prioritised.

6.3. Identifying lead factory capabilities and measuring
lead factory performance
The third most highly ranked challenge was a difficulty in
measuring or showing the benefits created by the lead factory in the network. As evident during the interviews, this is
partly related to the fourth ranked challenge of an unclear
lead factory role and responsibilities. As it is not clear what is
expected of the lead factory and what responsibilities the
role entails in practice it is, in turn, also difficult to both act
the role and know or show if you are fulfilling it. However,
this also partially relates to the seventh most common challenge, the fact that the lead factory is compared on the
same KPIs or goals as the other plants and subsidiaries. This
created a lot of frustration at the lead factories as they dedicated extensive resources to development activities such as
developing new technology or processes. These were after
they were properly functioning and fully debugged, with
assistance from the lead factory, later implemented at the
other plants in the network, which were then able to use the
new solutions but without putting in much effort in their
development. It is not performing the development work in
itself that is considered unfair or problematic but rather the
fact that the performance of all plants is only evaluated on
KPIs such as cost per part or similar which, of course, is
higher for the lead plant if it bears all the costs and resources for development activities, even though it is of benefit to
all the plants in the network. So, while it is important to realise that the lead factory role is not static, as the role of offshored sites is likely to be upgraded and entail new
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capabilities (Adeyemi et al. 2014; Feldmann et al. 2013;
Ferdows 1997a, 2006), the lead factory role is, and should
be, subject to ongoing evaluation. The lead factory must,
therefore, be able to motivate its appointment by showing
the value it creates in the network. However, as the empirical
evidence indicated, the current performance measurement
systems do not support this. Being a key player in multiple
areas of production development, with a focus on the
exploration of future opportunities, while also being judged
according to similar KPIs as their subsidiaries, is a struggle
for lead factories. Accordingly, there is a risk that critical lead
factory capabilities are not being developed and maintained
as the role is both unclear and limits the possibility of
achieving the network targets set by management. The ability to absorb and learn from others was one capability
regarded as critical both in previous research (Bengtsson,
Niss, and Von Haartman 2010; Tsai, 2001) and according to
this study. However, there is a need to further investigate
what lead factory capabilities are required to execute the
role and also to develop and maintain it over time. Further
research is proposed both on KPIs related to the lead factory
role and its critical capabilities to measure and show its performance as well as on appropriate cost models in order to
share the cost of development work that benefits the
entire network.

6.4. Defining the lead factory role and how to fulfil it
The empirical evidence indicated that many of the challenges are strongly interrelated with each other and it can
be concluded that many originate from uncertainties regarding the lead factory role, responsibilities and mandate as this
was considered more or less unclear and problematic in all
cases. A clear lead factory role description is necessary, as
this would guide the lead factory management in what is
required to fulfil the role and also clarify what falls outside it.
Based on the role description, guidelines and processes for
fulfilling the lead plant responsibilities should also be created
as these were most often lacking, as indicated by challenge
number six. This is to support the execution of the lead factory role and create value in the network. Clear guidelines
and processes could also be a way of overcoming the challenge of putting the benefit of the network before the benefit of own plant if a global rather than a local perspective is
adopted to encompass all development work activities.
However, in order to create these guidelines and be able to
follow them to fulfil the lead factory role, proper and dedicated resources are a necessity.
Also, as indicated by challenge number five, the empirical
findings show that many of the subsidiaries work more or
less autonomously and the lead factory has the role of an
advisor or a supporter rather than having a mandate over
the subsidiaries. Furthermore, there was often agreement in
the network or a strong desire from the subsidiaries that
they should be able to make adjustments in order to
respond to the needs of their particular environment and
customers. Nevertheless, local adjustments make it difficult
for lead factories to control, revise and update central

109

standards that could be shared in the network. Also, previous
research has shown the difficulties in finding a balance
between the control and autonomy of subsidiaries (Shi 2003;
Pogrebnyakov and Kristensen 2011). More research is therefore required into how to balance this difficulty and, more
specifically, how the global perspective can be successfully
secured during production development as this is one of the
basic motivations behind a lead plant structure: to consolidate development activities at one location to create higher
value for the entire network with fewer resources.

6.5. Future research
The sections above have highlighted the managerial implications of the challenges identified and addressed a number of
potential areas for further research connected to them. In
summary, these areas address further studies on the following: the lead factory role and its responsibilities, particularly
different lead factory types and concepts and how they can
be realised, KPIs related to the lead factory role and critical
capabilities for measuring and showing its performance, cost
models to share the cost of development work that benefits
the entire network and, finally, how to balance and
successfully secure the global perspective during development work.
The findings are not without limitations. The limitations
particularly originate in the research method applied. Firstly,
the samples of lead factories are located in Sweden and are
active in the manufacturing industry. Accordingly, the findings could be of limited use in other contexts. Secondly,
while case studies are useful in facilitating the understanding
of the phenomenon studied (Voss, Tsikriktsis, and Frohlich
2002), the approach applied has been explorative in nature.
Therefore, although the generality of the findings is aided by
the number and diversity of the cases used, as the cases provide the possibility to show the differences, the results could
with benefit be further verified in studies that adopt an even
broader empirical base. Thus, a promising avenue for further
research is to study the lead factory role in more organisations and in different environments to ascertain whether or
not the lead factory set-ups and identified challenges are
context specific. However, this study does provide a previously lacking empirical insight into the operationalisation of
the lead factory role. Thus, by pursuing a selection of the
identified potential research areas, we aspire in the future to
even further strengthen the field with academic as well as
practical relevance and contributions.
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