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"We hold these truths to be self-evident: that all men are created equal,;
that they are endowed by their Creator with certain unalienable rights;
that among these are life, liberty, and the pursuit of happiness."

Thomas Jefferson (1743-1826)



Abstract

Companies transfer production activities when they implement production relocation strat-
egies such as offshoring and outsourcing. The relocation of production activities is a com-
mon phenomenon among production companies, which, in the pursuit of higher competi-
tiveness, try to reap the benefits that different locations and suppliers provide (e.g. De Backer
et al., 2016, Fredriksson and Jonsson, 2019). Companies have different goals when they
relocate production. For instance, some may offshore production to suppliers in low-cost
countries to reduce their production costs. Other companies may outsource production to
external suppliers in order to access certain production technologies that these suppliers pos-
sess, or to achieve economies of scale. In the future, Organisation for Economic Co-opera-
tion and Development (OECD), EU and academic studies alike predict that companies will
continue to conduct production relocations of different types due to the increasingly shifting
global conditions regarding access to advanced technology, skills, low production cost and
markets in light of growing environmental requirements (Dachs et al., 2019, ManuFuture-
EU, 2019, Heikkilé et al., 2017, De Backer and Flaig, 2017). Moreover, the digital transfor-
mation trend plays a central role in the future of production relocations. Innovative commu-
nication and monitoring technologies facilitate the management of globally distributed ac-
tivities within production networks (De Backer and Flaig, 2017, ManuFuture-EU, 2019).
Furthermore, although production costs in traditionally low-cost countries such as China and
India are rapidly rising, companies are still expected to offshore production to these countries
due to the size and growth of their customer markets (Heikkila et al., 2017, De Backer et al.,
2016).

Production transfer is the process of relocating production activities (e.g. the activities that
are necessary for the manufacturing of a specific product or sub-assembly) between two
production units, sender and receiver. This process typically includes the transfer of the
equipment, inventories, documentation, administrative systems, knowledge, and the subsup-
pliers that are needed to perform the production activities. A production transfer process is
considered efficient if the receiver achieves a full-scale and stable production volume, ac-
cording to schedule and at targeted levels of performance, which can be indicated by the cost
and quality conformance levels.

When companies transfer production from the sender’s production environment to the re-
ceiver’s, a series of new risk sources are introduced, which can affect their ability to achieve
the pursued relocation goals. The existing literature reports on several failed production re-
locations, which have, for instance, led to suboptimal product quality, significant cost over-
runs, reshoring, and even factory close down (De Backer et al., 2016, Fratocchi et al., 2014,
e.g., Kinkel and Maloca, 2009). However, the offshoring/outsourcing literature has so far
focused on the decision-making process, that is, whether to relocate production or not, and
how to select the most suitable production activities for relocation and the right supplier.
Nevertheless, the success of a relocation also depends on how well the production transfer
is planned and conducted (e.g. Aaboen and Fredriksson, 2016). Furthermore, because of the
increased risk level in the supply chain, several production transfer scholars have
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acknowledged the importance of preparing production transfers based on risk management
principles (e.g., Fredriksson et al., 2015, Malm, 2013, Cheng et al., 2010). A number of
studies have investigated how parts of the production transfer process and of the risk man-
agement during this process should be performed (e.g. Fredriksson et al., 2015, Malm, 2013,
WHO, 2011, Madsen, 2009). Nevertheless, the existing knowledge is scattered, and it is
difficult to get a clear and holistic overview of how to systematically conduct the production
transfer process and the risk management during this process from the beginning to the end.

Thus, the overall purpose of my PhD research has been to investigate how production trans-
fer processes can be conducted in order to mitigate the transfer risk. The final goal of the
research has been to develop a procedure for efficient production transfers, based on risk
management principles. I have addressed the following research questions:

1. What are the potential risk sources when transferring production?

2. What are the facilitators of efficient production transfers?

3. What are the main actions in a production transfer procedure that aids transfer risk

mitigation?

The theoretical foundation of the PhD research is positioned within the field of operations
management of multisite production networks. The research focuses on the process of im-
plementing production relocation strategies such as offshoring and outsourcing, that is, the
production transfer process, as well as on risk identification and mitigation during this pro-
cess. The unit of analysis is the production transfer process within the dyad composed of a
sender and a receiver. The research strategy has been design science, as described by
Holmstrom et al. (2009). This strategy is recommended both for the development of proce-
dures with enhanced practical relevance (the final goal of my research) and for the develop-
ment of theory (e.g., Van Aken and Romme, 2009, Holmstrom et al., 2009). As design sci-
ence is a multi-method strategy, the PhD research combined systematic literature reviews,
production transfer studies, a longitudinal field study and action research. The main produc-
tion transfer in the longitudinal field study is a transfer of electronics from a Norwegian
producer to their subsidiary in Spain. The production transfer procedure was implemented
during this ongoing transfer, and iteratively refined and validated together with the transfer
parties over a two-year period (through the action research method). In total, the procedure
was refined seven times. To this end, I organised nineteen workshops with the sender and
receiver’s transfer personnel. Moreover, I organised an international workshop to validate
the applicability of the procedure for other types of industries. Three practitioners reviewed
and confirmed the applicability of the procedure for three transfers with which they had
worked. In total, I studied eight transfers, including five transfers of electronics at the Nor-
wegian electronics producer, one transfer of food production, one of maritime technology,
and one of aircraft production.

In response to the first research question, the PhD research primarily proposes a framework
of transfer risk sources. This framework includes a set of 46 risk sources, which are divided
into the following categories: (i) transfer object (e.g. the risk that the tacit knowledge about
the production activities that are transferred is difficult to codify and document), (i) receiver
(e.g. the risk of high employee turnover rate), (iii) sender-receiver relationship (e.g. the risk
when the bargaining powers of the sender and receiver are unbalanced), and (iv) the
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transfer’s impact on the business profit (e.g. the risk when the volume of goods that will be
produced by the receiver is low compared to their remaining portfolio). This framework can
be applied during the risk identification process. During this process, a risk management
team with representatives from both transfer parties should identify the risk sources that have
the potential to give rise to transfer disruptions and losses.

In response to the second research question, the PhD research primarily proposes a frame-
work of facilitators of efficient production transfers. The framework includes a set of 40
facilitators that are divided into the three main transfer phases: (i) preparation (e.g. the re-
ceiver should review the documentation from the sender to identify any missing infor-
mation), (ii) execution (e.g. the sender should temporarily transfer experienced production
personnel to the receiver to facilitate the transfer of tacit knowledge), and (iii) start-up (e.g.
the sender should transfer the production stepwise in order to enable the receiver to increase
the production volumes incrementally). Moreover, the framework includes facilitators of
efficient relationship management throughout the transfer (e.g. the sender and receiver
should hold regular status meetings). This framework can be applied during the risk mitiga-
tion process. During this process, the risk management team should identify and implement
preventive actions in order to mitigate the likelihood of disruptions with an unacceptable
risk level. This research indicates how the facilitators of efficient production transfers can
act as preventive actions, by applying the framework in two production transfers. Moreover,
the PhD research provides a set of lessons learned that should also be considered during the
risk mitigation, based on the longitudinal field study (e.g. ‘The more significant the changes
applied to the transferred production, the higher the risk level and the longer the transfer
process.’).

In response to the third research question, this thesis primarily provides a detailed and thor-
oughly validated procedure for the preparation phase that includes a set of preventive ac-
tions. This procedure is based on the framework of facilitators of efficient production trans-
fers, which was implemented during the ongoing electronics transfer from Norway to Spain,
and iteratively refined with the transfer parties. This research focused on the preparation
phase as the actions implemented during this phase have a high potential to prevent the oc-
currence of disruptions and losses during the execution and start-up phases. At the end of
the ongoing transfer, I conducted a user experience evaluation. The sender and receiver con-
firmed that the procedure had a positive impact on the efficiency of the transfer. The amount
of disruptions was reduced, the start-up time was shorter, and both the on-time delivery and
the product quality were better compared to earlier transfers. In addition, the practitioners at
the international workshop that I organised confirmed that the procedure was useful for pro-
duction transfers within other types of industries. The procedure includes 37 preventive ac-
tions that were refined with the transfer parties. The preventive actions are divided into the
following categories: (i) organisation and project management (e.g. the transfer parties
agree on transfer performance indicators and their continuous monitoring), (ii) sourcing (e.g.
the transfer parties verify transportation requirements such as customs requirements and
trade agreements that are applicable when delivering goods from the receiver vs. the sender),
(iil) quality management (e.g. the sender evaluates the receiver’s readiness with regards to
facilities, equipment and support services), (iv) process technology (e.g. the receiver pilots
and validates any design change on the process technology, to identify any necessary
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adaptations), (v) test (e.g. the sender sends personnel to the receiver to perform training on
testing methods), (vi) production (e.g. the sender verifies the knowledge transfer at the re-
ceiver, for instance by checking the transfer documentation and testing the personnel), (vii)
plan for enterprise resource planning set-up (e.g. the transfer parties update the bill of ma-
terials, inventory policies, capacities, etc., in their enterprise resource planning systems), and
(viii) Health, Safety and Environment (HSE) (e.g. the sender provides to the receiver HSE
information about the transferred production activities, such as material safety data sheets
and information about risk mitigation actions and waste management). The procedure should
aid the transfer parties during the risk mitigation process and when preparing the transfer
action plan.

Thus, the main theoretical contributions of the PhD research include an increased knowledge
of potential transfer risk sources, and of facilitators of efficient production transfers during
all the transfer phases. Moreover, the research provides a thoroughly validated preparation
procedure that aids transfer risk mitigation and facilitates efficient production transfer pro-
cesses. Based on the cases studied during the PhD research, examples of transfers where
these contributions should be particularly important include those in which the receiver is
located far away from the sender, when the sender applies design changes to the products
that are planned for transfer, when the transferred production activities involve a great
amount of tacit knowledge, when the receiver has little experience with the transferred pro-
duction activities and when the receiver replaces the sender’s sub-supplier with local sub-
suppliers. These types of transfers can lead to disruptions such as supply disruptions (e.g.
material shortages and significant schedule disruptions), operational disruptions (e.g. quality
nonconformances) and eventually to significant material losses (e.g. scrap and excessive
inventory). These contributions will aid practitioners—both senders and receivers—to man-
age such situations, and production transfers in general, more efficiently. Thus, this research
can facilitate efficient production transfers during relocation processes such as offshoring
and outsourcing.
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PART 1. Main Report



1. Introduction

Companies transfer production activities when they implement production relocation strat-
egies, such as offshoring and outsourcing. The relocation of production activities is a com-
mon phenomenon among production companies, which, in the pursuit of higher competi-
tiveness, try to reap the benefits that different locations and suppliers provide (e.g. De Backer
et al., 2016, Fredriksson and Jonsson, 2019). A study of 847 companies with over 50 em-
ployees from Sweden, Denmark and Finland shows that 48% of the surveyed production
companies had relocated production during the five preceding years (Heikkilé et al., 2017).
For instance, companies offshore production to suppliers in low-cost countries to reduce
their production costs and outsource production to external suppliers in order to access cer-
tain production technologies that these suppliers possess (Mykhaylenko et al., 2015). In ad-
dition, production relocations can be motivated by the possibility of aggregating demand at
suppliers, thereby achieving economies of scale, as well as by the possibility of releasing
labour capacity by relocating non-core activities to other production sites (Beckman and
Rosenfield, 2008). In the future, both the survey of Nordic companies (Heikkilé et al., 2017),
OECD and EU studies (Dachs et al., 2019, ManuFuture-EU, 2019, De Backer and Flaig,
2017) estimate that companies will continue to conduct production relocations of different
types. However, the relocation reasons are expected to differ. For instance, although produc-
tion costs in traditionally low-cost countries like China and India are rapidly rising, compa-
nies will offshore production to these countries due to the size and growth of their customer
markets (De Backer et al., 2016). Moreover, companies are expected to relocate production
in the future due to the increasingly shifting global environment regarding access to ad-
vanced technology, skills, markets and low production cost, in light of the digital transfor-
mation trend and growing environmental requirements (Dachs et al., 2019, ManuFuture-EU,
2019, De Backer and Flaig, 2017, Heikkild et al., 2017).

1.1. Production Transfer

Production transfer is the process of relocating production activities (e.g. the activities that
are necessary for the manufacturing of a specific product or sub-assembly) between two
production units, sender and receiver (Fredriksson and Winstrom, 2014). The receiver can,
for instance, belong to a wholly owned supplier from a foreign and often low-cost country
(production offshoring) or to an external supplier (production outsourcing). Furthermore,
the production transfer process consists of a series of actions taken in order to transfer the
equipment, inventories, documentation, administrative systems, knowledge and the subsup-
pliers that are needed to perform the relocated production activities (Fredriksson and
Wiinstrom, 2014). Figure 1 depicts the main phases of a production relocation process. The
production transfer typically encompasses three main phases: (i) the preparation, (ii) execu-
tion and (iii) the start-up of production at the receiver’s production site (Madsen, 2009,
Fredriksson and Wénstrom, 2014). The execution phase consists primarily of a physical
transfer of equipment and inventory from the sender to the receiver (Madsen, 2009). A pro-
duction transfer process is considered efficient if the receiver achieves a full-scale and stable
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RELOCATION Production Transfer TERMINATION OF

DECISION PREPARATIONS START-UP AGREEMENT
SUPPLIER EXECUTION STEADY
SELECTION STATE

Figure 1: The production-relocation process (adapted from Fredriksson and Weénstrém [2014] and Madsen
[2009])

production output (steady state) according to schedule and at the targeted performance levels
(Terwiesch et al., 2001, Almgren, 1999). In line with Fredriksson (2011), supply perfor-
mance measures are typically related to: (i) cost (e.g. to the cost of tied-up capital, transpor-
tation, administration and damage), (iii) quality (e.g. percentage of nonconformances per
unit, scrap level and level of customer complaints), (iv) reliability (e.g. on-time delivery,
schedule adherence, order fulfilment, mean time between failures and delay complaints), (ii)
time (e.g. lead time and purchase order cycle time) and (v) flexibility (e.g. delivery flexibil-

ity).

Furthermore, production transfers are usually preceded by processes such as the decision to
relocate production or not, the selection of appropriate production activities for relocation
and the selection of appropriate locations and suppliers (Momme and Hvolby, 2002). More-
over, a production transfer is also a constitutive part of the process of relocating earlier off-
shored production activities to the home country or a neighbouring country (production
reshoring), and of the process of relocating and reintegrating earlier outsourced production-
activities from a supplier into the in-house production of a buyer (insourcing) (Stentoft et
al., 2015, Heikkilé et al., 2017).

When companies transfer production from the sender’s production environment to the re-
ceiver’s, a series of new risk sources are introduced, which can affect companies’ ability to
achieve their pursued relocation goals. The existing literature reports on several failed pro-
duction relocations, which for instance led to suboptimal product quality, significant cost
overruns and even factory close down (e.g., Kinkel and Maloca, 2009, Fratocchi et al., 2014,
De Backer et al., 2016). Moreover, in recent years, a considerable number of companies
reshored production. The survey of Nordic companies showed that 38% of those companies
that had conducted production relocations had also engaged in reshoring and insourcing. The
results from an extensive survey in which 3500 European production companies participated
indicate that the most frequent reasons for reshoring to home countries were the poor quality
of goods produced at the receivers, the loss of flexibility to respond quickly to demand
changes and unexpected events, and excessive transportation costs (Dachs and Zanker,
2015). A study of 476 cases of reshoring to Europe and the USA shows that the decreasing
labour cost gap between emerging and developed countries and the negative effects on com-
panies’ reputations are also among the reshoring reasons that companies identify (Fratocchi
etal.,2014). Furthermore, an analysis of 39 German companies that had reshored production
back to Germany highlights that on average, production start-up times at the receivers were
ultimately 2.5 times longer than originally planned (Kinkel and Maloca, 2009). The period



between start-up and steady state ranged in almost all cases between two and three years.
Consequently, the extended start-up times entailed higher costs of coordination, support and
quality assurance (QA) than planned, which represented approximately 10% of the total
costs. However, the offshoring/outsourcing literature has so far focused on the decision-
making processes before the production transfer, that is, whether to relocate or not, and how
to select the most suitable production activities for relocation and the right supplier. Never-
theless, the success of a relocation also depends on how well the production transfer is
planned and conducted (e.g. Aaboen and Fredriksson, 2016). To facilitate smoother produc-
tion relocations, the gap between decision-making and implementation should be reduced
(Slepniov and Waehrens, 2008). Moreover, because of the increased risk level in the supply
chain, the production transfer process should be conducted based on risk management prin-
ciples (Malm, 2013, Fredriksson et al., 2015, e.g., WHO, 2011, Cheng et al., 2010), and each
production transfer action should be carefully identified, planned and monitored (Terwiesch
et al., 2001). In this thesis, I discuss how production transfers should be conducted in order
to mitigate the transfer risk and facilitate efficient transfer processes.

1.2. Research Motivation

At the beginning of the PhD research, I got involved in a three-year research project, a col-
laboration between two major Norwegian electronics producers (hereafter named Sender.Co
and Receiver.NO) at the Norwegian University of Science and Technology (NTNU) and
Norway’s largest research institute, SINTEF. The electronics producers are two of the case
companies in this research. I visited their plants and participated in workshops with manag-
ers, purchasers, engineers and operators from both companies. We studied two production
outsourcing projects between the two companies, one of them retrospective and one ongo-
ing. Although the two electronics producers had transferred production between them and
to/from other actors several times before, I observed that they were encountering a series of
challenges during the ongoing transfer, which led to high scrap and inventory levels and to
an excessively long production start-up. The findings from these two transfer studies sug-
gested that several of the challenges experienced by the two companies could have been
avoided or more easily dealt with if the companies had planned the transfers more thoroughly
and had conducted risk management activities with the personnel in the early phases of the
transfers. For instance, Sender.Co asked Receiver.NO to secure costly material from sub-
suppliers without any formal agreement between them having been signed. Later, Sender.Co
decided to upgrade the product selected for transfer. Sender.Co conducted the product de-
velopment activities, whereas Receiver.NO developed the assembly procedure for the new
product version. After Receiver.NO had purchased the material, Sender.Co sent several en-
gineering changes. Thus, a significant amount of the purchased material became obsolete
and the financial responsibility for this loss remained unclear for a long time. However, even
though the need for a production transfer procedure was clear, the personnel pointed out that
they were unaware of any established transfer procedure that they could apply. Subchapter
4.1.1 and Paper 1 include further details about these empirical findings.

During these first two transfer studies, several questions arose in my mind: ‘Are other com-
panies also experiencing similar challenges?’, ‘What are the most common risk sources



during production transfers?’, ‘Have scholars or practitioners published any production
transfer procedure?’, ‘If so, do these procedures address the risk management during pro-
duction transfers?” and ‘How should production transfers be conducted according to the
academic literature, and what are the success factors that are highlighted?’. I decided to ad-
dress two major questions: ‘What are the potential risk sources when transferring produc-
tion?” and ‘What are the facilitators of efficient production transfers?’. A facilitator is a
person or thing that makes an action or process easy or easier (Oxford Dictionary, 2020c).
To study these topics, I reviewed the existing academic and non-academic publications and
discovered that this topic was receiving increasing attention from both researchers and in-
dustry. However, | was surprised to only find a few scattered publications about the produc-
tion transfer process.

Although many frameworks and procedures for production relocation exist (e.g., Moses,
2009, Zeng, 2003, Momme and Hvolby, 2002, Canez et al., 2000, Mclvor, 2000, Platts et
al., 2002, Probert, 1996, Franceschini et al., 2003), most of these frameworks and procedures
end before the physical transfer of equipment and inventory (also shown by Fredriksson
[2011]). A (production transfer) framework is any kind of basic structure that supports the
production transfer process, whereas a (production transfer) procedure is a framework con-
sisting of a series of specific production transfer phases and actions that are conducted in a
certain order or manner (based on Fredriksson, 2011). In a broad sense, an action can be
defined as the act of doing something in order to achieve an aim (Oxford Dictionary, 2020b)
(e.g. to temporarily transfer experienced production personnel from the sender to the receiver
to facilitate the transfer of tacit knowledge). Production relocation procedures and frame-
works addressing the production transfer process either provide a rather vague overview of
transfer actions (e.g., Madsen, 2009, Zeng, 2003, Momme and Hvolby, 2002), or they only
focus on certain parts of the production transfer process (e.g. the physical transfer in Kow-
alski et al. [2018] or the planning and control of the material supply in Fredriksson et al.
[2015]). Furthermore, these publications do not explain how the transfer risk should be man-
aged throughout the production transfer process. There is a need to increase the knowledge
about production transfer management, and in particular, about the systematic actions (in-
cluding risk management actions) that are important for efficient production transfer pro-
cesses.

1.3. Research Purpose and Questions

Thus, the overall purpose of my PhD research has been to investigate how production trans-
fer processes can be conducted in order to mitigate the transfer risk. The theoretical founda-
tion is positioned within the field of operations management of multisite production net-
works. The final goal of the research has been to develop a procedure for efficient production
transfer processes, based on risk management principles. I have addressed the following re-
search questions:

1. What are the potential risk sources when transferring production?

2. What are the facilitators of efficient production transfers?

3. What are the main actions in a production transfer procedure that aids transfer risk
mitigation?



Table 1 presents the relation between the research questions and the appended papers. The
table also summarises the main phases of the PhD research, and the research methods related
to each paper (further details in Chapter 3).

Table 1: The relation between the research questions, the papers included in the dissertation and the research
design (*Papers 1, 2, 3, 4 and 6 address the whole production transfer process, while Paper 5 only addresses

the preparation phase)
Purpose To investigate how production transfer processes can be conducted in order to mitigate the
transfer risk, and to develop a procedure for efficient production transfer processes.
Re- RQ 1: What are the poten- | RQ 2: What are the facilitators | RQ 3: What are the main ac-
search tial risk sources when of efficient production trans- tions in a production transfer
question transferring production? fers? procedure that aids transfer
____risk mitigation?
Papers #1: Trans- #2: A pro- #3: Prereq- | #4: Investigat- | #5%: A trans- : #6: A
fer of pro- duction uisites for ing relation- : fer procedure : structured
duction to | transfer risk | successful ships between | based onrisk I outsourc-
strategic assessment | production production : management : ing proce-
suppliers — | framework transfers transfer man- | principles | dure
a case study agement and | -
transfer success \ [
Method Multiple Systematic Systematic Longitudinal Action re- Multiple
case study | literature re- | literature re- field study search, multi- | case study
view, in- view, multi- ple case study
depth case ple case
study study
Re- Phase 1: Field-problem Phase 2: Transfer-procedure Phase 3 & 4: Transfer-pro-
search framing incubation cedure refinement & devel-
phase opment of substantive theory
1.4. Research Scope

The theoretical foundation for my PhD research is positioned within operations manage-
ment, that is, the discipline concerned with an efficient planning, scheduling and control of
the activities involved in managing the resources (e.g. equipment, people and knowledge)
that are dedicated to the production and delivery of goods and services (Slack et al., 2010).
When companies configure their multisite production networks, they can relocate production
activities within the network. This research addresses the process of implementing produc-
tion relocation strategies such as offshoring and outsourcing, that is, the production transfer
process, as well as the risk management during this process. During production transfers, the
operations are jointly managed by the sender and the receiver, with a decreasing involve-
ment of the sender as the receiver approaches the production steady state. Examples of re-
sources that are managed during a production transfer include the production equipment,
inventory, production knowledge, administrative systems and the sub-suppliers that are nec-
essary for the transferred production activities, as well as the personnel that might be tem-
porarily transferred to the receiver or sender. As a production transfer is part of a project (a
production relocation project), that is, a one-time undertaking that is finished after a period
of time and planned to achieve a specific purpose (Cambridge Dictionary, 2020a), key pro-
ject management principles and methods were addressed. However, the final goal of the



research has been to develop a production transfer procedure (see previous subchapter).
Thus, the main focus of this research has been the field of operations management of multi-
site production networks, as it provided findings about specific production transfer actions
that can facilitate an undisrupted supply of goods to customers along the transfer process.

The focus of the PhD research is the production transfer process within the dyad composed
of'a sender and a receiver. The research addressed both transfers to suppliers that are wholly
owned by the sender and transfers to external suppliers and focused on both production off-
shoring and outsourcing cases. Moreover, the research addressed the activities related to the
physical transfer of equipment and inventory, the knowledge, administrative and supply
chain transfer, the management of the transfer organisation and the project and quality man-
agement. Finally, the PhD research paid particular attention to the transfer risk management
process, centring on the risk identification and mitigation during this process (i.e. on negative
risk).



2. Theoretical Background

This chapter presents the theoretical background for this PhD research and the theoretical
framework that guided the selection and analysis of relevant literature.

The production transfer process is an inherent part of production relocation strategies, such
as offshoring and outsourcing. During outsourcing processes, companies transfer production
to external suppliers (Awasthi et al., 2018). The decision whether to outsource certain pro-
duction activities or continue to dedicate resources to them in-house is taken during the early
phase of a relocation process—the Relocation Decision phase in Figure 1 (Chapter 1). Dur-
ing offshoring processes, companies transfer production to internally owned suppliers. This
may occur when companies establish a new facility (and transfer production from an older
facility to the new one), close a facility (and transfer production from the closed facility to a
new facility), or when they relocate volumes and product portfolios within their existing
production networks (Loertscher and Riordan, 2019). The site where the relocated produc-
tion activities will be conducted will depend on factors such as the proximity to raw materi-
als, access to novel technology, access to skilled employees and access to low cost (Grant
and Gregory, 1997). Thus, the selection of the production locations and suppliers (during the
Supplier Selection phase in Figure 1), as well as the eventual configuration of a multisite
production network, will be influenced by the access to production resources and their man-
agement (Rudberg and Olhager, 2003, Barney, 1991). During the production transfer phase,
part of the sender’s resources devoted to the relocated production activities (e.g. equipment,
knowledge and people) will be transferred to the receiver. During this phase, the resources
dedicated to the relocated production activities are jointly managed by the sender and the
receiver, with decreasing involvement of the sender as the receiver approaches the produc-
tion steady state. Thus, both the production transfer and the other production relocation
phases will depend on the way the resources that are required for the manufacturing of the
products/parts in question are managed—Ilocally and at a multisite production network level.
Production relocation is a topic within the operations management of multisite production
networks (Rudberg and Olhager, 2003).

Furthermore, when companies transfer production from the sender’s production environ-
ment to the receiver’s, a series of new risk sources are introduced, which can negatively
impact the resources required for the relocated products/parts, and the supply of those prod-
ucts/parts to customers along the transfer process. Thus, an efficient multisite operations
management will also require an efficient risk management when production is transferred
from one site to another.

Finally, even though production relocation studies often do not explicitly state the underly-
ing theories used (Mihalache and Mihalache, 2016), a rich tapestry of multidisciplinary the-
oretical and conceptual foundations has influenced the production relocation and transfer
literature. As I will discuss the research results in light of relevant underlying theories (in
Subchapter 5.1), these will be introduced in this chapter.
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Thus, in the remainder of this chapter, [ will provide further details about the following top-
ics of relevance to the PhD research: types of production relocation strategies, the production
relocation process, the production transfer process and risk management concepts and theo-
retical perspectives that are important for production transfers. I will conclude with the the-
oretical framework that guided the PhD research.

2.1. Types of Production Relocation Strategies

Although the academic literature shows disagreement over the exact terminology, I identi-
fied five main types of production relocations. In line with recent advancements in the pro-
duction relocation literature, I adopted the following definitions of the relocation strategies:

i.  Production offshoring is the relocation of production activities from a company’s
country to an external or internally owned supplier in another country (Heikkila et
al., 2017).

ii.  Production outsourcing is the transfer of production activities from the ownership
of one company to the ownership of an external supplier of the company (Heikkila
etal., 2017).

iii.  Production back-shoring is the reshoring of the production activities that a company
had previously offshored to the home country of the company (Heikkil4 et al., 2017,
Kinkel and Maloca, 2009).

iv.  Production near-shoring is the reshoring of activities that a company had previously
offshored to a neighbouring country of the company’s home country (De Backer et
al., 2016).

v.  Production insourcing is the process of reintegrating earlier outsourced production-
activities from a supplying company into the in-house production of the buying com-
pany (Stentoft et al., 2015, Heikkila et al., 2017).

In conclusion, production outsourcing/insourcing decisions affect the ownership (vertical
integration) of production activities, while production offshoring/back-shoring/near-shoring
strategies imply the geographical transfer of the production activities to another country
(Heikkild et al., 2017). This research focusses on production offshoring and outsourcing.

2.2. The Production Relocation Process

Although several procedures for production relocation exist (e.g., Moses, 2009, Zeng, 2003,
Momme and Hvolby, 2002, Canez et al., 2000, Mclvor, 2000, Platts et al., 2002, Probert,
1996), almost all of these procedures end before the production transfer process. Figure 2
illustrates the main phases of a production relocation process.

Existing production relocation procedures addressing the production transfer process (often
outsourcing procedures) provide a rather vague overview of production transfer activities.
Moreover, in a similar way as for the classification of production relocations, the academic
literature shows a certain disagreement over the main phases of a relocation process or uses
different terms for the same phenomenon. Two illustrative examples for production reloca-
tion procedures that address the production transfer process are found in Momme and
Hvolby (2002) and in Zeng (2003).

Momme and Hvolby’s (2002) outsourcing procedure addresses the production transfer
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Figure 2: The main phases of the production relocation process (adapted from Fredriksson and
Weénstrom [2014] and Madsen [2009])

process under the procedure phase ‘project execution and transfer’. The authors provide
three examples of production transfer-specific activities, that is, establishing the basis for
supplier integration, defining workflow interfaces, and adapting the organisation to supplier
performance. However, those activities are not further described in the paper. Moreover, the
procedure is not based on the perspective of both transfer parties, only on the sender’s per-
spective.

Zeng’s (2003) outsourcing procedure addresses the production transfer as ‘implementation’.
During this phase, Zeng (2002) recommends the implementation of a performance analysis
program that can include activities such as establishing an implementation team, preparing
and publishing an implementation strategy and schedule, preparing and publishing the ex-
pected results, developing agreements on supply and logistics terms and developing agree-
ments on shared resources.

Interestingly, although both Momme and Hvolby (2002) and Zeng (2003) claim that the
outsourcing implementation process is the focus of their studies, neither describes produc-
tion transfer-specific activities, such as the physical transfer of production equipment and
inventory or the transfer of administrative systems (e.g. ERP).

Furthermore, in the abovementioned relocation procedures, Momme and Hvolby (2002) and
Zeng (2003) structure the relocation process rather differently, and sometimes use different
terms for similar phenomena. Based on a systematic literature review on outsourcing, Busi
and Mclvor (Busi and Mclvor, 2008) recommend that one simple way of structuring the
outsourcing process is to look at it from the point of view of the key research questions that
were addressed in the literature (also in Weimer and Seuring, 2008). Along the same line,
Fredriksson’s (2011) literature review reveals that outsourcing processes mainly focus on
what to outsource, whom to outsource to, how to outsource, how to manage the relationship
with the receiver and how to terminate the outsourcing contract. Based on these earlier re-
search publications, the relocation process in my PhD research is divided into the following
general phases:

1. Relocation decision (Why should a company relocate, and what should be relo-
cated?)

2. Receiver selection (To what location should the production be relocated, and to what
external/internal supplier?)
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3. Production transfer (How should the production relocation decision be imple-
mented?)—the focus of this PhD research

4. Steady state

5. Termination of agreement

2.3. The Production Transfer Process

The previous subsection indicated that the production transfer is an inherent part of both
outsourcing and offshoring processes. However, the production transfer process is not al-
ways the same. For instance, all (e.g. an entire factory), some (e.g. a production line) or none
of the equipment may be physically transferred from the sender to the receiver. If the pro-
duction transfer implies a transfer of equipment, the production rate will be reduced from
the beginning of the phase out, at the sender, until the steady state is reached at the receiver,
and, in many cases, there is no production output at all during a certain period (Fredriksson
et al., 2015). Two additional types of production transfer are the transfers with a steep start-
up or with a stepwise start-up (Madsen, 2009, Terwiesch et al., 2001, Fredriksson et al.,
2015). The extreme version of a production transfer with a steep start-up is a ‘clear cut’
production transfer, where the start-up of production at the receiver coincides with the pro-
duction stop at the sender. Conversely, during a stepwise start-up, the production at the
sender is gradually decreased until the receiver achieves the intended production output and
the steady state (Fredriksson et al., 2015).

Furthermore, according to Madsen (2009), the production transfer can be divided into seven
phases: (i) preparation, (ii) initial training and education, (iii) physical transfer of equipment,
(iv) production testing, (v) production with moderate output, (vi) improvement of production
and (vii) production development, continuous improvement and innovation. Madsen (2009)
also describes activities that should be performed during each of these phases. However,
these activities focus on the knowledge transfer between the operators, and (to a lesser ex-
tent) on the physical transfer of equipment. As Chapter 1 explains, apart from the transfer of
knowledge and equipment, the production transfer process includes the transfer of adminis-
trative systems, inventories and the transfer of subsuppliers that are necessary to perform the
relocated production activities (Fredriksson and Wénstrom, 2014). Moreover, Madsen
(2009) does not address the risk management process.

Madsen’s (2009) research shows that even though in reality, the production transfer phases
are not perfectly sequential (the transfer phases can overlap and/or they can be merged to-
gether), breaking down the production transfer into sequential phases is useful as the man-
agers can allocate objectives, actions and methods to each phase. This thereby fosters a com-
mon understanding among the transfer personnel about how to systematically carry out the
production transfer. Thus, the production transfer process can be roughly divided into three
major phases: 1) the process before the physical transfer, when an increase in output and
workload is expected, ii) the physical transfer of equipment and iii) the start-up at the re-
ceiver, characterised by fluctuations in the production volume and performance until the
intended output is achieved. This is also in line with Fredriksson and Wanstrom (2014), who
divide the production transfer into: i) preparation, ii) physical transfer and iii) production
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start-up at the receiver. This PhD research continued in the same vein, but replacing ‘physi-
cal transfer’ with ‘transfer execution’. The literature and empirical findings have shown that
apart from the physical transfer of equipment and inventory, this phase includes an admin-
istrative transfer (e.g. of ICT systems) and knowledge transfer.

In addition to the knowledge transfer and the physical transfer of equipment (as in Madsen,
2009), this PhD research addresses the activities related to the administrative transfer, supply
chain transfer, management of the transfer organisation, project management and quality
management. Moreover, this research pays particular attention to transfer risk management.
Finally, the PhD research addresses all the production transfer types that were presented in
the beginning of this subchapter.

2.4. Theories that Are Relevant for Production Transfer

Theories with particular relevance for the production transfer process include the transaction
cost economics, agency theory, resource-based view, knowledge based-view, task interde-
pendence theory, eclectic theory and the organisational learning theory (Mihalache and
Mihalache, 2016, Tsay et al., 2018).

According to the transaction cost economics theory (Williamson, 1975, Coase, 1991), con-
ducting transactions entails a wide range of costs that should be carefully addressed (e.g.
during the make-or-buy decision), and these costs depend on how the transaction is organ-
ised (e.g. within a market or a firm) (Rindfleisch, 2019). Activities generating transaction
costs include searching for and selecting a business partner, negotiating on price and other
terms, writing contracts, monitoring and enforcing contractual compliance and renegotiating
contracts (Tsay et al., 2018). Transactions can be governed on a continuum from market (i.e.
arms-length) to hierarchy (i.e. in-house production) (Williamson, 1975). Transactions that
are frequent and characterised by higher transaction-specific investments require a close re-
lationship with the business partners, such as in buyer-supplier partnerships, joint ventures
or in-house production (ibid.). In line with this theory, the production transfer literature high-
lights the importance of a close relationship between the transfer-parties (Fredriksson et al.,
2014, Terwiesch et al., 2001), and encourages a long-term commitment and investments in
receiver development (Modi and Mabert, 2007, Bocquet, 2011). Moreover, the importance
of signing a formal agreement that includes specifications about expected performance tar-
gets is widely emphasised (e.g., Danilovic and Winroth, 2005, Zhu et al., 2001, Franceschini
et al., 2003). Furthermore, this theory sheds light on two of the major risk sources that may
affect transactions, that is, the decision makers’ opportunism and the information asymmetry
between the transaction parties, which means that either party may have more knowledge
than the other about the transactions (Mclvor, 2009, Williamson, 1975). These topics are
central in the agency theory, which emphasises that the interests of a principal and an agent
can be misaligned (Mihalache and Mihalache, 2016, Eisenhardt, 1989a), which may for in-
stance lead to poor product quality and lost brand reputation. Risk mitigation actions that the
agency theory recommends include monitoring the agents’ behaviour through facility audits
(Handley and Gray, 2013, Eisenhardt, 1989a). Similarly, the production transfer literature
recommends a continuous monitoring of the start-up progress, customer demand, safety
stock level (Fredriksson et al., 2015) and supply performance indicators (Gero and Stefan,
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2009, Madsen, 2009). Moreover, the sender should conduct audits both (i) at the beginning
of the production transfer, to evaluate the receiver’s readiness for transfer (Modi & Mabert,
2007; WHO, 2011), (ii) prior to the production start-up, to verify the knowledge transfer and
(iii) at the end of the transfer (Hilletofth et al., 2015, Zhu et al., 2001), to validate the pro-
duction at the receiver.

Based on the resource-based view theory, production activities that are valuable, rare, inim-
itable and non-substitutable, hence acting as barriers against competitors (‘core competen-
cies’), should be conducted in-house (Penrose, 1959, Barney, 1991, Hamel and Prahalad,
1994). Nonetheless, when interorganisational collaboration enables access to, and the devel-
opment of, complementary resources that contribute to competitive advantage, outsourcing
of core activities might be encouraged (Mclvor, 2009). However, as in the case of transaction
cost economics, the more attractive the resources that the sender outsources, the closer the
collaboration with the receiver should be (Fredriksson, 2011). Furthermore, this theory has
given rise to the knowledge-based view (Grant, 1996a, Grant, 1996b, Kogut and Zander,
1992), which focuses on how easy it is to develop and share knowledge within and between
companies (particularly tacit knowledge). When a transaction depends on the exchange of a
significant amount of tacit knowledge, this view does not recommend outsourcing the activ-
ity to another company (Tsay et al., 2018). Theories with relevance for the knowledge trans-
fer also include the fask interdependence theory (e.g., Thompson, 1967, Van de Ven et al.,
1976, Kumar et al., 2009). Based on this theory, the greater the interdependence between
tasks, the greater the expenditure required to transfer the task information (e.g. because of
the significant communication and coordination effort) and the greater the chance of defects,
especially when tasks are distributed globally (Kumar et al., 2009). Task tacitness, complex-
ity, security, ambiguity, size and stickiness are positively related to the level of sender-re-
ceiver integration (Mihalache and Mihalache, 2016, Monostori et al., 2016). Moreover, the
task stickiness depends on the characteristics of the sender (e.g. sender’s disseminative ca-
pacity (Malm et al., 2016)), the receiver (e.g. receiver’s absorptive capacity (ibid.)), the or-
ganisational context of the information transfer, and the information itself (Argote et al.,
2003, Von Hippel, 1994). To reduce the task stickiness, companies can invest in, for exam-
ple, modularisation, human interfaces (e.g. client representatives offshore and employee ex-
change), technological interfaces (e.g. collaborative work technologies) and in virtually im-
mersing the receiver in the sender’s context (Kumar et al., 2009). In line with these theories,
the production relocation literature highlights risk sources such as the difficulty to codify the
tacit knowledge about the transfer object (Tatikonda and Stock, 2003, Grant and Gregory,
1997), a low degree of internal and external modularity (e.g. the transfer object is entangled
in a larger system), high BOM complexity (Tatikonda and Stock, 2003, Beckman and
Rosenfield, 2008) and long physical distance between related processes (e.g. the develop-
ment and manufacturing units) after the transfer execution (Fredriksson et al., 2014,
Terwiesch et al., 2001). Coping mechanisms include (i) codifying and documenting the tacit
knowledge, (ii) a joint review and update of the transfer documentation and the planning and
control systems by the transfer parties (McBeath and Ball, 2012, Terwiesch et al., 2001,
Fredriksson et al., 2015), (iii) using a common software for managing information flows
(Malm, 2013, Terwiesch et al., 2001) and (iv) temporarily transferring personnel across sites
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for learning-by-doing and other knowledge transfer activities (McBeath and Ball, 2012,
Grant and Gregory, 1997, Terwiesch et al., 2001, Galbraith and Galbraith, 1990, Madsen,
2009). Moreover, novel, complex, and/or tacit transfer objects require tight communication,
collaboration and coordination between the sender and receiver (Stock and Tatikonda, 2000,
McCormack et al., 2008, Vitasek and Manrodt, 2012).

Based on the eclectic theory, when companies decide on conducting production activities
internationally (or other direct foreign investments), they need to assess three distinct but
interrelated sets of variables: ownership-specific advantages (e.g. the company will gain
competitive advantages by offshoring), location-specific advantages (e.g. the availability
and cost of resources in the selected location are better than in other locations) and internal-
isation-specific advantages (e.g. it is more advantageous to conduct the production activities
in-house than to outsource them) (Dunning, 1979, Mukherjee et al., 2019). A company that
decides to engage in a specific offshoring should benefit from these three advantages. In line
with this, the production relocation literature highlights certain variables that can influence
both the selection of a receiver in a specific location and the subsequent transfer process and
production steady state. Examples include the quality, cost, flexibility, service level, relia-
bility and proximity of local and international subsuppliers, the emission regulations at the
receiver’s location, labour law, import duties and the employee turnover rate (Grant and
Gregory, 1997, Chopra and Meindl, 2013).

Lastly, the theories that are relevant for production transfers also include the organisational
learning theory (Mihalache and Mihalache, 2016). This contends that companies can learn
from their own experience and from others’ (e.g. Levitt and March, 1988). In consonance
with this, the transfer literature shows that the level of experience that the sender and receiver
have with transferring production between them significantly influences the risk level during
the transfer (Tatikonda and Stock, 2003, Fredriksson et al., 2014). Moreover, the transfer
literature emphasises that it is important to document the transfer process, including devia-
tions, actions and lessons learned, so that future transfers can capitalise on this knowledge
(Zhu et al., 2001, WHO, 2011, Stock and Tatikonda, 2000). Thus, the contributions of this
PhD research will be discussed in the light of the following relevant theories (see Subchapter
5.1): transaction cost economics, agency theory, resource-based view, knowledge based-
view, task interdependence theory, eclectic theory and the organisational learning theory.

2.5. Risk Management Concepts Relevant for Production Transfer

As previously described (Chapter 1), because of the increased risk level during production
transfers, it is important to dedicate resources to risk management. However, even though
some of the production transfer studies (Fredriksson et al., 2015, Malm, 2013, WHO, 2011)
acknowledge the importance of managing risk during production transfers, they do not pro-
vide clear guidelines for this. The risk can be defined as the effect of uncertainty on objec-
tives, which can be negative and/or positive, and can address, create or result in threats and
opportunities (ISO, 2018a). Risk management represents the coordinated activities to direct
and control an organisation with regard to risk (ibid.). There are many types of risk manage-
ment, for example, enterprise risk management, financial risk management, supply-chain
risk management, project risk management, safety management, environmental risk
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management, security management and social risk management. In 2009 and 2018, the In-
ternational Organization for Standardization published the ISO 31000 standard and its up-
date, respectively, in order to ‘harmonize risk management processes’ (ISO, 2009a). ISO
31000 can be “applicable to all organizations, regardless of type, size, activities and location,
and covers all types of risk’ (ISO, 2018b). Thus, in this research, the starting point for the
description of the risk management process that is relevant for production transfers is the
ISO 31000 standard in combination with academic publications on (supply chain) risk man-
agement. The supply chain risk management literature proved to provide detailed and useful
findings about potential risk scenarios during production transfers. Note that this research
focuses on the negative risk during production transfers that can lead to consequences such
as suboptimal product quality, excessively long production start-ups, significant supply de-
lays and cost overruns and even factory close down (e.g., Kinkel and Maloca, 2009,
Fratocchi et al., 2014, De Backer et al., 2016), thus resulting in the inability to achieve the
pursued relocation goals (see examples of goals in Chapter 1).

The (supply chain) risk management literature shows that a risk management process (for
negative risk) can be structured into three main steps: (i) risk identification, (ii) risk assess-
ment and (iii) risk mitigation (Kern et al., 2012, Bode and Wagner, 2009, Kleindorfer et al.,
2005).

First, one should proactively identify potential disruptions, as well as the risk sources that
may trigger these disruptions and their negative consequences (i.e. /osses) (Rausand, 2013,
McCormack et al., 2008, ISO, 2009b). In other words, one should address the question ‘What
can go wrong?’ A disruption is an abnormal situation in comparison to everyday business
that can lead to negative deviations from performance targets and result in significant losses
for the affected companies (Rausand, 2013, McCormack et al., 2008). Examples of disrup-
tions during production transfers include raw material shortages (Fredriksson et al., 2015),
fires (Norrman and Jansson, 2004) and machine breakdowns (Almgren, 1999). Risk sources
are tangible or intangible elements, which alone or in combination with other risk sources
have the intrinsic potential to give rise to disruptions (Norrman and Jansson, 2004, 1SO,
2018a). Examples of risk sources during production transfers are the transfer-parties’ limited
experience with production transfers, receivers’ limited experience with the production ac-
tivities, the complexity and novelty of the transferred production activities (Tatikonda and
Stock, 2003), a large distance between the transfer-parties’ sites (Terwiesch et al., 2001) and
the reluctance of senders’ personnel to the transfer (Fredriksson et al., 2014). For instance,
a risk source such as the receiver’s inexperience with the transferred production equipment
may trigger machine breakdowns and subsequent capacity deviations. Furthermore, these
breakdowns may eventually lead to significant losses, such as the receiver’s inability to de-
liver on time (Chopra and Meindl, 2013, Fredriksson et al., 2015).

Second, the risk level should be estimated based on the likelihood of each potential disrup-
tion and an estimation of its negative impact on performance should it occur (during risk
assessment) (Rausand, 2013, Kern et al., 2012). Risk assessment methods can be based on
data (quantitative methods) if this is available, on expert judgment and scenarios (qualitative
methods) or on both (semiquantitative methods) (Fan and Stevenson, 2018). Common
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quantitative/semiquantitative assessment methods include the Failure Mode and Effects
Analysis (FMEA), the Analytical Hierarchy Process (AHP) and the Bayesian Belief Net-
work (BBN). However, the method that researchers and practitioners apply most often is the
likelihood-impact risk matrix (ibid.). This matrix can clearly display those disruptions with
a risk level that is unacceptable for the companies (Rausand, 2013). It is a comprehensive
yet rapid and cost-efficient assessment method (Fan and Stevenson, 2018, Zsidisin et al.,
2004).

Third, actions aimed at mitigating the risk of those disruptions with an unacceptable risk
level should be identified and implemented (risk mitigation) (Kern et al., 2012, Rausand,
2013). However, this should be only done after a cost-benefit analysis for the alternative
risk-mitigation actions (Norrman and Jansson, 2004, Rausand, 2013). Risk mitigation strat-
egies (with examples from the production relocation-literature) include (ISO, 2018a):

i) Avoiding the risk by deciding not to start or continue with the activity that triggers
the risk (e.g. by not changing subsuppliers during start-up to avoid an increased risk
of quality deviations (Aaboen and Fredriksson, 2016))

ii) Implementing preventive actions to reduce the likelihood of disruptions (e.g. by
temporarily transferring experienced production personnel to the receiver to facili-
tate the transfer of tacit knowledge and prevent quality nonconformances
(Fredriksson et al., 2015, Minshall, 1999))

iii) Implementing corrective actions to reduce the negative consequences caused by

disruptions that could not be avoided (by ensuring express deliveries to the custom-
ers in case of schedule disruptions (Fredriksson et al., 2015, Chopra and Sodhi,
2004))

iv) Accepting the risk by informed decision (e.g. by engaging in production relocations
(e.g. Malm, 2013))

v) Sharing the risk (e.g. through an agreement that the sender shares the cost of obsolete
material (Zhu et al., 2001), or with a business interruption insurance company (Zhen
etal., 2016))

Finally, the risk level should be continuously monitored and the risk management process
should be regularly reviewed in order to promptly identify deviations and implement risk-
mitigating actions (Kern et al., 2012, McCormack et al., 2008, ISO, 2018a). The risk man-
agement process and its outcomes should be documented, and the relevant stakeholders
should be informed and consulted about the risk management activities. Note that risk iden-
tification, assessment and mitigation are iterative processes (ibid.).

Figure 3 summarises the risk management process described above, highlighting the con-
cepts that are relevant for production transfers. This PhD research focused mainly on the
identification of (negative) risk sources and risk mitigation through preventive actions.
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2.6. Theoretical Research Framework

This subchapter presents the theoretical framework that I developed after synthesising the
theory presented above and that guided the research process. The framework is depicted in
Figure 4, indicating how the research questions relate to central concepts from the theoretical
study.

Based on the studies of Madsen (2009) and Fredriksson et al. (2015) presented in Subchapter
2.3, this PhD research divides the transfer process into three main phases: (i) production
transfer-preparation, (i) production transfer-execution and (iii) production start-up at the
receiver’s site. Moreover, this research is based on the risk management process depicted in
Figure 3.

The first research question addresses the transfer risk sources that may trigger disruptions
and losses during production transfers, while the second research question addresses facili-
tators of efficient transfers. The third question addresses the main actions in a production
transfer procedure that aids transfer risk mitigation, and focused on a detailed transfer prep-
aration procedure based on preventive actions. Preventive actions are typically more effi-
cient than corrective actions at risk mitigation as preventive actions can hinder the occur-
rence of both disruptions and losses. However, this research also addresses the corrective
actions, as well as potential transfer disruptions and losses.

This PhD research primarily centres around the production transfer process, (transfer) risk
dentification and risk mitigation, and is based on production offshoring and outsourcing
cases. The research addresses the transfer risk assessment and the cost-benefit analysis (see
Subchapter 2.5) to a lesser extent.
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3. Research Design

The selected research strategy should ensure a good fit between the studied problem, in-
tended contributions and the research methods applied (Karlsson, 2009, p.23). As Chapter 1
shows, the theoretical and practical problem addressed through this research is the lack of
established procedures for efficient production transfers and risk management during the
transfers, and the main contributions of the project include the development of such a pro-
cedure. Therefore, 1 adopted the design science research strategy, as described by
Holmstrom et al. (2009). This strategy is recommended both for the development of ‘arte-
facts’ with enhanced practical relevance (such as procedures), and for the development of
theory (e.g., Holmstrom et al., 2009, Van Aken and Romme, 2009).

Table 2 presents the four phases of the research process (field-problem framing, procedure
incubation, procedure refinement and substantive theory-development), their relation to the
research questions, as well as research methods, data collection approaches, and main re-
search outcomes. The first phase is inspired by Van Aken and Romme’s (2009) recommen-
dations about design science research and its purpose is to define and frame the field prob-
lem. The last three phases are based on the recommendations of Holmstrém et al. (2009). As
design science is a multi-method strategy, the PhD research combined systematic literature
reviews, eight production transfer studies (one of them longitudinal), and action research.
Note that production transfer (study) and case (study) are used synonymously in this disser-
tation.

Table 2 shows that the first research question (“What are the potential risk sources when
transferring production?’) emerged during the Field-problem framing phase, when two ex-
ploratory production transfer studies were conducted with the aim of gaining an in-depth
understanding of the production transfer phenomenon (Yin, 2004) and more specifically, of
potential challenges during this process (see Paper 1). As introduced in Chapter 1, the cases
were two transfers of electronics production from Sender.Co to Receiver.NO. Thereafter, I
specifically addressed the first research question through a systematic literature review of
potential risk sources and a longitudinal field study of a transfer of electronics production
from Sender.Co to Receiver.ES (see Paper 2). The second research question (‘What are the
facilitators of efficient production transfers?’) was addressed during the procedure incuba-
tion phase through a systematic literature review, two production transfer studies (the same
as in Paper 1) and a longitudinal filed study (the same as in Paper 2). First, I developed a
framework of facilitators of efficient production transfers, based on the literature review.
Thereafter, I applied the framework to the two production transfers that I studied, showing
how the framework could have guided the management of these transfers (see Paper 3).
Paper 4 provides a set of lessons learned about efficient transfer (risk) management—that is,
potential facilitators of efficient transfers—based on the longitudinal field study. The third
research question (“What are the main actions in a production transfer procedure that aids
transfer risk mitigation?’) was addressed during the Procedure refinement and
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Substantive theory-development phases, through action research in Paper 5 and through the
multiple case study in Paper 6.

Paper 5 presents how the framework of facilitators of efficient production transfers was im-
plemented during the electronics transfer from Sender.Co to Receiver.ES and was iteratively
evaluated and refined together with both transfer parties. To this end, I conducted 19 work-
shops and 7 refinement iterations. Subsequently, the framework was synthesised into a trans-
fer preparation procedure based on risk management principles. In evaluating the research
quality of design science studies, criteria such as the validity (the artefact works and does
what is meant to do) and utility (it has value outside the development environment) of the
developed artefact are highlighted (Gregor and Hevner, 2013). Thus, Paper 5 also presents
how at the end of the Procedure refinement phase, I interviewed key-informants from both
transfer parties about the utility of the procedure and its implementation by help of an action
plan (further details in Subchapter 3.3.1). Furthermore, Paper 5 outlines how during the sub-
stantive theory development phase, the utility of the transfer procedure was validated beyond
the context of the electronics industry. Thus, at an international workshop that I organised,
three practitioners outside the main case company validated the procedure on production
transfers with which they had worked, from the food, maritime technology and aircraft in-
dustries. Moreover, according to Holmstrom (2009), the success of a design science ap-
proach hinges on its ability to integrate itself with the theory-oriented mainstream research.
The research findings were systematically compared with the earlier research on the topic of
production transfer, and significant similarities and differences were highlighted. In addi-
tion, the co-authors and I paid attention to describing the research process and results in a
detailed manner, in order to support researchers and practitioners that want to (further) val-
idate or use (Holmstrom in Kaipia et al., 2017) the transfer preparation procedure in Paper
5. Moreover, apart from the transfer during which the procedure was implemented, the
sender had conducted 19 other production transfers. Thus, on numerous occasions, the in-
formants compared happenings during the in-depth study with other production transfers
with which they had worked and provided rich and interesting empirical evidence.

The production transfer that was studied in Paper 5 is the same as in Papers 2 and 4. How-
ever, both Papers 5 and 4 are based on 26 months of empirical data, from the selection of the
transfer object right to the start-up phase, which is over one year more than in Paper 2. Fi-
nally, Paper 6 presents how the framework from Paper 3 can be integrated into the produc-
tion-outsourcing process and applies the resulting outsourcing framework to the same pro-
duction transfers from Paper 3.

The reminder of this chapter will present in greater detail the research methods that were
applied in the six appended papers. The methodological limitations of the research design
are discussed in Subchapter 6.2. For a full account, please see the methodology sections in
each of the appended papers.

3.1. Literature Review
As introduced in the previous subchapter, I conducted a systematic literature review to ad-
dress the first and second research questions. I conducted this review with assistance from



researcher Borge Sjebakk from SINTEF. During the summer and autumn of 2015, we re-
viewed dictionaries, peer-reviewed journal and conference articles, dissertations, mono-
graphs, books and guidelines on the topics of production transfer and risk management dur-
ing production transfers. The literature review method is based on Karlsson’s (2009, p.48)
recommendations. We started with the most recent literature review on the production trans-
fer topic that we identified, Fredriksson’s (2011), and conducted a backward and forward
reference search. Thereafter, we searched for additional relevant literature in NTNU’s online
library (Oria), which provides access to the main databases for peer-reviewed literature, and
on Google Scholar. The keywords used are listed in Table 3. Since keywords directly related
to the production transfer topic (‘production transfer’ and ‘product transfer’) rendered few
results, we expanded the list with additional keywords, based on Fredriksson’s (2011) and
other seminal literature that we had hitherto identified. Furthermore, we combined the key-
words from Group B-Part I (see Table 3), which rendered many results but with marginal
relevance, with the keywords in Part II, to increase the relevance of the findings.

Table 3: Search key words (“Part 1” AND “Part I11”)

Part 1 Part 11
Gr. A “production transfer”
OR
“product transfer”

OR
“manufacturing transfer”
OR
“manufacturing relocation”
OR
“production relocation”
OR
“production offshoring”
OR
“production outsourcing”

“production start-up”

OR
“production ramp-up”
OR
“production subcontracting”
OR
“contract manufacturing”
OR
“external manufacturing”
Gr.B “knowledge transfer” “outsourcing”
OR OR
“technology transfer” “offshoring”
OR OR
“risk management” “manufacturing”
OR OR
"supply chain risk management" “production”

"supplier assessment”
OR
“supplier audit”

Throughout the review process, we scanned over 900 publication titles and abstracts. All
relevant publications were stored in a bibliographic database and were subject to several
iterations of reading and considerations for inclusion. Out of an initial sample of 269 papers,
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we identified only 55 relevant papers. The process of article selection is depicted in Figure
5, according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) flowchart (Moher et al., 2009). Out of the 55 relevant papers, 24 explicitly ad-
dressed either the entire production transfer process (13 papers), the knowledge transfer (5),
the production start-up (2) or the technology transfer (4), and they were particularly relevant
for at least one of the three main phases of the production transfer process. Technology
transfer has many similarities with production transfer, with the difference that during the
former, if production activities are to be transferred, these were not necessarily previously
performed by the sender (Malm, 2016). Hence, the concept of technology transfer can have
a broader meaning. The 55 included papers are briefly presented in Appendix 1.

Over 900 articles identified
through database
searching, and screened

Identification
& Screening

- Over 631 articles removed as they
’ were not peer-reviewed academic
l i articles and/or not relevant for
F production relocation/transfer
3 269 full-text articles
g assessed for eligibility
5 i |
l | 214 articles removed as they were
l | not relevant for production transfer
< L
'g 55 articles included in the
E analysis

Figure 5: Flowchart illustrating the different phases in the systematic literature review (adapted from Moher et
al. (2009))

The publication years are presented in Figure 6, showing an increasing rate of publication
and interest for the topic between 1990 and 2018. Only the above mentioned 24 seminal
papers were considered. Most of the papers (16 papers) appeared in operations management
journals, but contributions also stem from production management (4), manufacturing strat-
egy (1), research and development (R&D) (1) and organisation management (1) journals,
which add important perspectives to the research on operations management of multisite
production networks. These findings point to a rather scattered academic interest for produc-
tion transfer management that spans several academic communities, and this comes as no
surprise considering the complex and multifaceted environment in which production trans-
fers are conducted. Moreover, we found out that there was little knowledge about how to
manage risk during production transfers (for more details see Chapter 1).

The methodologies applied in the papers are presented in Table 4. Most of the research takes
a qualitative approach, but quantitative and conceptual studies are also represented. Case
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Table 4: Research methodologies in the seminal papers
ualitative methodologies
. Q . . o Sur- Industrial
Single case Multiple Longitudinal field Conceptual P
vey guidelines
case study
4 8 4 2 5 1

research (single case study, multiple case study and longitudinal field study) dominates the
sample. Arguably, the complexity of the production transfer process makes the modelling
and testing of relationships through survey data difficult, so researchers prefer in-depth stud-
ies of one or a few cases. Moreover, emerging fields of research are typically predominantly
conceptual and qualitative, as in this phase, researchers try to establish a common vocabu-
lary, define and classify concepts and describe the patterns and structures pertaining to the
studied phenomenon.

Next, to map the literature, we prepared an Excel spreadsheet, where for all the 269 poten-
tially relevant papers we recorded title, author, type of publication (e.g. journal or conference
paper), publication name (e.g. journal name), year, abstract, search phrase, database name,
number of citations (in Google Scholar), methodology, keywords, research group and key
findings. The key findings were further divided into ‘risk sources/challenges’ and ‘facilita-
tors of efficient production transfers/success factors/recommendations’, in order to simulta-
neously address the two first research questions. For the seminal publications, we conducted
forward and backward reference searching, and included the key findings in the Excel rec-
ord.

During the autumn of 2015, based on the potential facilitators of efficient production trans-
fers that were identified through the literature review, I developed the preliminary version
of the production transfer procedure (see Tables 10 and 11, Subchapter 4.2.1). The
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facilitators were formulated as actions, and the procedure suggests a certain sequence of
those actions, which is based on descriptions of the production transfer process from the
literature. Nevertheless, the exact sequence of the actions is expected to vary from transfer
to transfer. The actions are classified into categories that are based on arguably the most
comprehensive frameworks and guidelines in the existing production transfer literature
(Madsen [2009], Fredriksson & Wanstrom [2014] and WHO [2011])

3.2. Case Research

Design science research ‘can, in principle, use all known methods for data collection and
analysis’. However, ‘in practice the strategies tend to be case-based, collaborative and inter-
ventionist’ (van Aken and Romme, 2009). All the appended papers in this dissertation are
based on case research, including 8 transfers with various degrees of study depth, depending
on their purpose in the papers. As the previous subchapter showed, case research is also the
dominant data collection method in the seminal papers on which this research is based. The
production transfers included in the appended papers are presented in Table 5.

Table 5: The cases included in this PhD research (RQ=research question)

Study | Trans Reloca- Indus- Sender Receiver Research RQ Pa-
fer tion type try method per
1 Outsourc- Elec- Company | Company
ing tronics | in Norway | in Norway
(domestic) (Sender.C (Re-
. 0) celve)r.NO l\ilu(itiple case ﬁg;z Z;Z
2 Outsourc- Elec- Company | Company study RQ3 #6
ing tronics | in Norway | in Norway
(domestic) (Sender.C (Re-
0) ceiver.NO
3 In-depth  case
study RQ1 #2
Site in s Longitudinal
Offshor- | b1 | Norway | St€in | o vofthe | RQ2 | #4
ing . Spain (Re- | .
tronics | (Sender.C . in-depth case
ceiver.ES) .
0) Action research
during the in- RQ3 #5
B depth case
4 Offshor- Elec- Site in Site in The study of 2
ing tronics Norway Spain (Re- | production
(Sender.C | ceiver.ES) | transfer-exam-
0) ples, conducted RQ3 #4,
5 Offshor- Elec- Site in Site in for theoretical #5
ing tronics Norway | Spain (Re- | replication
(Sender.C | ceiver.ES)
0)
6 Offshor- Food Site in Site in Es- | The study of 3
ing produc- Sweden tonia production
(nearshor- tion transfer exam-
C ing) ples through a RQ3 #5
7 Offshor- | Thruster Site in Site in survey during
ing produc- Finland China an international
tion workshop on
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Figure 7 presents what paper used the data from each study and when the papers were writ-

ten. Study A, Study B and Study C refer to transfers 1-2, 3—5 and 6-8, respectively, in Table
S.

Study A: Two electronics transfers within Norway . Paper 1
- Paper 6
Study B: Three electronics transfers fl;om Norway to Spain 7 7
Paper 2
(one of them in-depth) - i
""" Study C: Three international transfers [ e
(food, thrusters, aircraft) —
2015 2016 2017 2018 2019 2020

Figure 7: The relationship between the production transfer studies and the appended papers

As introduced in Chapter 1, at the beginning of the PhD research, I became involved in a 3-
year research project. Sender.Co and Receiver.NO were central partners in this research pro-
ject. Thus, I had very good access to empirical data and an excellent forum for discussion
and validation of findings. Transfers 1-2 were conducted from Sender.Co to Receiver.NO,
while transfers 3—5 were from Sender.Co to their subsidiary in Spain, Receiver.ES. For many
years, Sender.Co had been a global leader within the premium segment of electronics (sensor
systems) that they produced. However, in recent times, competitors from low-cost countries
had been improving the performance of their products, determining Sender.Co to streamline
their supply chains and production systems. Thus, to achieve an increased cost-efficiency
and at the same time release more resources for product innovation, Sender.Co began to
transfer parts of the production to strategic suppliers in their supply chains. For instance, to
achieve better economies of scale, they transferred high demand products with low IP-risk
to domestic series producers such as Receiver.NO (transfers 1 and 2 in Table 5), and labour-
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intensive parts and products to Receiver.ES, close to an emergent customer market (transfers
3-5, Table 5).

To ensure a greater diversity and minimise bias, in addition to the production transfers that
involved Sender.Co, I studied production transfers involving other multinational companies,
industries and countries (transfers 6—8, Table 5). The companies conducting these additional
production transfers were selected as they had relocated production several times. Moreover,
one of the transfers was described as particularly successful: the production transfer between
the Finish and Chinese production sites of a major technology company. The Chinese re-
ceiver achieved all the expected production transfer-performance targets, the deliveries were
reliable, and the product quality was as required by the sender.

The remainder of this subchapter presents in greater detail how the case research was con-
ducted in each of the appended papers.

Papers 1, 3 and 6 include data about two production transfers from Sender.Co to Re-
ceiver.NO (production transfers 1-2 in Table 5). Both production transfers were recent, so
the informants could recall important events relatively easily (Karlsson, 2009, p. 171). The
double case study enabled a fruitful cross-case analysis, an easier identification of repre-
sentative relationships between the challenges experienced by the transfer parties during the
transfers and their causes, and thereby a higher internal and external validity (Eisenhardt,
1989D).

In April and September 2015, as part of the research project in which I participated, SINTEF
organised three workshops with the sender and receiver’s transfer personnel, where I assisted
the main organiser (researcher Borge Sjobakk, lead author of Paper 1) with the data collec-
tion. The workshops were combined with tours of the transfer-parties’ sites, during which
we studied the production processes of the two transferred products. During the workshops,
key transfer personnel (managers, purchasers, product-developers, process engineers and
operators) from both companies were interviewed about the challenges they had experienced
during the production transfers, possible causes of these, and facilitators of efficient produc-
tion transfers. Thereafter, the interview data was compared with the field notes taken during
the site tours and with relevant secondary data from Sender.Co. A case study report was
prepared based on the collected data. For increased accuracy of the empirical findings and
increased construct validity (Karlsson, 2009, p.182), key informants reviewed the report.
The field problem that we identified based on this data was the lack of thorough planning of
the studied transfers and of transfer risk management, combined with a lack of established
production transfer procedures.

Paper 2 presents an in-depth case study of the production transfer from Sender.Co to Re-
ceiver.ES (transfer 3 in Table 5). In this paper, we adopted the case research method because
it enabled the identification of risk sources during an ongoing production transfer and with
arelatively full understanding of the nature and complexity of the transfer process (Karlsson,
2009, p. 164). Although Sender.Co had conducted production transfers many times before,
including to the Spanish subsidiary, they experienced a series of challenges during the sonars
(acoustic sensors) transfer. This made the selected production transfer an interesting case to
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study and get a better understanding of how to identify areas where risk-mitigation actions
can be implemented to improve the transfer process. The project owner and the QA & risk
manager of the studied production transfer, both with extensive experience from earlier pro-
duction transfers, applied the risk assessment framework proposed by this paper to the case.
A semi-structured interview was conducted, during which the informants jointly analysed
and ranked the impact of the risk sources on the overall risk level during the sonars transfer.
For increased construct validity, responses were cross-referenced (triangulated) with com-
pany documents and 12 months of rich field notes from the in-depth transfer study.

In March 2017, the Production Management group at the Department of Mechanical and
Industrial Engineering at NTNU and I organised an international workshop on the topic of
‘production transfer’. During this workshop, three practitioners applied the literature-based
production transfer procedure in a transfer project (No. 68 in Table 5) with which they had
broad experience and verified it. The participants included an external production transfer
consultant who applied the procedure on a production transfer at a large Italian food com-
pany (‘Transfer #6”), a production transfer manager from a major Swiss technology com-
pany (‘Transfer #7°) and a production transfer-specialist from a large Swedish aeronautics
company (‘Transfer #8”). These had 8, 6 and 7 years, respectively, of experience with man-
aging production transfers. First, each participant presented a production transfer with which
(s)he had worked. Thereafter, I presented the production transfer procedure and administered
an electronic questionnaire to the experts. The questionnaire consisted of several closed-
ended questions with space for open-ended comments after the answers. The questions were
mainly related to the relevance of the actions in the production transfer procedure (whether
they had low, medium or high relevance for the transfer examples). Since the selected pro-
duction transfers had rather contrasting characteristics, I had the opportunity to study the
relevance of the actions in the procedure for both outsourcing and offshoring, and for differ-
ent industries (i.e. literal replication [Karlsson, 2009, p.172]). Furthermore, I could compare
how relevant the actions in Paper 5 were for the transfer between Sender.Co and Receiver.ES
(transfer 3, Table 5) with how relevant they were for the three transfer examples. Although
only three PT practitioners tested the utility of the procedure, the introduction of a potential
solution in several contexts is a significant step toward theory development (Holmstrom et
al., 2009). Moreover, according to Gregor and Hevner (2013), when a researcher has ex-
pended significant effort in developing the solution design in a project, often with much
formative testing, the final testing should not necessarily be as full or as in-depth as the
evaluation in a research project where someone else developed the solution design (Gregor
and Hevner, 2013).

3.3. Longitudinal Field Study

Paper 4 is based on a longitudinal field study (production transfer 3 in Table 5), which was
conducted as recommended by Karlsson (2009, p. 196). Thus, the co-authors and I devel-
oped a theoretical frame of reference that we used as a lens during both data collection and
analysis. The frame of reference was based on the following dimensions: (i) transfer risk
sources, (ii) preventive actions, (iii) potential disruptions, (iv) corrective actions and (v)
losses that the disruptions may trigger. The transfer to Spain provided a rare opportunity to
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study a noticeable organizational change, ‘where issues were likely to occur’, as Karlsson
(2009, p.203) recommends. For instance, we studied the risk-mitigating effect of the preven-
tive actions from the production transfer procedure that was implemented during this trans-
fer.

I collected the empirical data in the period between May 2016 and June 2018 and at both
transfer-parties’ sites, through methods such as participant observation, semi-structured in-
terviews, studies of secondary data from Sender.Co and Receiver.ES and informal conver-
sations. Since the data was collected during an ongoing study and on a frequent basis, it was
easier to determine the causal relationship between risk events (risk sources, disruptions,
etc.) than during retrospective studies. Nonetheless, the evidence collected through distinct
methods was compared (triangulated), which further increased internal validity. Finally, I
took fieldnotes (e.g. about the effects of the implemented preventive and corrective actions)
during project meetings and tours at Receiver.ES’ premises. To ensure the reliability of the
evidence, I paid attention to separate observations from their interpretation. Moreover, for
all the observations, I recorded the date, place and individuals that were present when the
data was collected. To increase the internal validity of the evidence, soon after the visits, the
field notes were transcribed in a case study protocol. Furthermore, the findings were re-
viewed by managers in the transfer parties. For a full account of data collection (e.g. the
interview guide and timeline) and analyses please see the methodology section in Paper 4.

3.3.1. Action Research

As introduced earlier, Paper 5 is based on action research that was conducted according to
Coughlan and Coghlan’s (2002) recommendations. The action research was part of the lon-
gitudinal study of the production transfer from Sender.Co to Receiver.ES (transfer 3 in Table
5). Paper 5 belongs to the design science phases ‘Transfer-procedure Refinement” and ‘De-
velopment of substantive theory’ (see Table 2). Thus, the Action research was adopted based
on the recommendations of Holmstrom et al. (2009) about how to conduct design science
research. Paper 5 shows how the literature-based framework of facilitators of efficient pro-
duction transfers (from Paper 3) was implemented and iteratively evaluated and refined dur-
ing the ongoing transfer to Receiver.ES. The action research approach allowed me to both
implement the procedure at the case-companies in order to solve the field-problem, and af-
fect the way the procedure was modified by the case-companies (Coughlan and Coghlan,
2002). The organisation chart of the transfer to Spain is depicted in Figure 8. As the chart
indicates, I was part of the transfer organisation and had the role of Transfer Facilitator.
However, I was not employed by the transfer parties (I was an ‘outside agent’). Thus, it was
relatively easy for me to step back and analyse not only the progress of the production trans-
fer but also the research itself (Coughlan and Coghlan, 2002). Furthermore, I had a steering
committee with members from both transfer parties, who enabled me to build insider
knowledge. The committee members were the employee responsible for the action-plan &
sourcing, the project owner, the QA & risk manager and the project manager.

In total, the literature-based procedure was tailored to the studied production transfer, eval-
uated and refined 7 times. To this end, 19 workshops were organised in which the transfer-
parties personnel participated either live or via video. For a full account of the procedure-
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refinement process, please see Appendix 1 in Paper 5. This appendix also provides details
about data collection methods, the date when the data was collected and main events during
the procedure refinement. Prior to the first workshop with Sender.Co and Receiver.ES’ per-
sonnel, the actions from the literature-based procedure were transferred to an action plan
prepared in Excel. The headlines of the action plan are presented in Table 6, with an example
of how the actions were evaluated during the workshops. During both the live-workshops
and the videoconferences, the Action plan was projected to a common screen. In this way, [
also minimised researcher bias and increased construct validity. The workshop-participants
were asked to evaluate whether the actions had low, medium or high-relevance for the trans-
fer to Spain. Consensus was achieved on each action before proceeding to the next. For those
actions evaluated as having low relevance, the participants were asked to provide explana-
tions. For medium or highly relevant preventive actions, the participants were asked if the
actions had been implemented (Status) and whether any sub-actions were needed to imple-
ment them (Open action) or not (Closed action). If necessary, new sub-actions were identi-
fied, as well as their action-responsible (Owner), start date, end date, amount of working
days and corresponding Gantt chart. The transfer parties’ personnel readily embraced this
meeting format, maintaining it throughout the entire procedure refinement process.

In April 2018, at the end of the action research, the co-authors of Paper 5 and I conducted
an evaluation of the users’ experience. Key informants from Sender.Co and Receiver.ES
were interviewed about their experience with the transfer procedure and its implementation.
Prior to the interviews, we sent a questionnaire to the informants and their answers were
used as a starting point for the interview discussions. In the questionnaire, the informants
were mainly asked to evaluate the utility of the procedure and its implementation (in the
form of an action plan), as well as the start-up time and delivery precision compared with
earlier transfers—two transfers to a Norwegian supplier and one earlier transfer to Re-
ceiver.ES (transfer 1, 2 and 4 in Table 5).

The project owner (from Sender.Co) reported the following:

There is no doubt that the methodology we have followed during the transfer to
Spain has been very useful and an appropriate procedure and method to follow. [...]
The activities in the procedure are very important and the production transfer pro-
cesses benefit a lot of such process tools.

Furthermore, the employee responsible for the action plan (Sender.Co) and the QA & risk
manager (Sender.Co) reported that the transfer procedure ensured that important preventive
actions were implemented, and it reduced the amount of disruptions. Moreover, Sender.Co’s
key informants reported that the start-up time had been shorter, and both the on-time delivery
and product quality had been better compared to earlier transfers. Receiver.ES’ personnel
also expressed their satisfaction with how the transfer action plan worked. The Receiver’s
production manager said in an email sent to the lead author: ‘without the transfer plan, the
sonars transfer would have been more complicated’. The project manager (from Re-
ceiver.ES) also made similar remarks on several occasions throughout the production trans-
fer. At almost the same time as the studied transfer case, Receiver.ES was taking on the



production of another product offshored by Sender.Co. According to the project manager
and the production manager, although the transfer during which the procedure was imple-
mented was more complex than the other transfer, due to the use of the action plan, the
transfer tempo was considerably faster, and Sender.Co’s assistance was more substantial and
timelier.

Note that even though Paper 5 only focuses on the preparation phase, the entire production
transfer procedure was refined.
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4. Presentation of Main Findings

In this chapter, I present and discuss the main findings from the six included papers, in rela-
tion to the three main research questions. Table 7 provides an overview of the appended

papers, their related research question and main outcomes.

Table 7: An overview of the appended papers, their related research question and main outcomes

(RQ=research question)

Paper Paper short title Related RQ Main outcome/result
Paper 1 Transfer of production to | RQI: What are An overview (.)f potential cha.l lenges
- . L and inherent risk sources during trans-
strategic suppliers the potential risk ..
fers, based on empirical research
sources when :
. . . A framework of transfer risk sources
Paper 2 A production transfer risk | transferring pro- . .
. for the risk management in the early
assessment framework duction? .
phase of a production transfer
Paper 3 Prerequisites for success- Proposes a framework of facilitators of
ful production transfers RQ2: What are efficient production transfers
Investigating relationships | the facilitators of | A set of facilitators of efficient produc-
Paper 4 between production trans- | efficient produc- tion transfers and lessons learned about
fer management and tion transfers? production transfer management (in-
transfer success cluding risk management)
Paper 5 A transfer .procedure RO3: What are A validated procedure fo'r the prepara-
based on risk manage- . . tion phase of the production transfer,
o the main actions . .
ment principles . . based on risk management principles
in a production
Presents how the framework from Pa-
transfer procedure er 3 (preliminary production transfer
Paper 6 A proposed outsourcing that aids the trans- | P P P .
. .- procedure) can be integrated into one
procedure fer risk mitiga- . :
tion? of the possible relocation processes, the
) production outsourcing
4.1. What are the potential risk sources when transferring production?

The first research question is addressed in Papers 1 and 2. Paper 1 sets out to explore and
better understand the phenomenon of production transfer, presenting a series of potential
challenges and inherent risk sources during transfers, based on two transfer studies. Paper 2
presents a framework of risk sources, based on the literature. These risk sources may lead to
disruptions (‘challenges’) and losses during production transfers. The utility of the frame-
work for transfer risk management is tested by applying it on an in-depth production transfer
case.

4.1.1. Paper 1: Transfer of Production to Strategic Suppliers
Paper 1 presents in detail two production transfers between Sender.Co and Receiver.NO
(‘Transfer A’ and ‘Transfer B’ in the paper). Transfer A was the first production transfer
from Sender.Co to Receiver.NO and the object of the transfer was the assembly and testing
of an acoustic sensor (Product A). Product A was the first one to be transferred to Re-
ceiver.NO because it was cheaper, less complex and produced in higher volumes (tens of
thousands) than most of Sender.Co’s products. For Transfer B, the production transfer object
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was a new version of a signal converter, part of several of Sender.Co’s sensors. Receiver.NO
was commissioned to install all electronics, including their own circuit boards, and ship the
product to Sender.Co for final testing. The contribution of this paper is an overview over
potential challenges during production transfers, based on two case studies. Table 8 lists the
main challenges that were reported by the informants.

Table 8: Possible challenges during production transfers

No. Challenges during the transfer studies (Transfer A and Transfer B)

1. During Transfer A, the Product Team at the sender was not involved in the transfer decision-making
process and hence, they misunderstood the purpose of the transfer. They thought that it was a cost-
reducing measure, when in fact the main driver was the high volume and low complexity of the
production not being consistent with Sender.Co’s core competences. ‘Why should they have it easier
than us?’, one of the informants reported as having heard his colleagues saying. Both transfer parties
agreed that the transfer process should have been initiated with a kick-off meeting.

2. During Transfer B, the main contact person at the sender reported that it was difficult to know whom
to contact at the receiver throughout the transfer. She also experienced that two different contact
points at the receiver had different bill of materials (BOM) revisions.

3. In the early stages of Transfer B, the sender asked the receiver to secure necessary material from
subsuppliers, without having signed a formal agreement. Because of BOM changes, some of the
material that the receiver had to purchase became obsolete, and during the second data collection
workshop, it was unclear how the receiver would be compensated for this. Furthermore, the transfer-
parties had not clearly agreed on future volumes. This posed a risk for the receiver, as they had to
make significant investments in the transfer.

4. During Transfer A, initially it was decided that all the original test equipment would be transferred
from the sender to the receiver. When the Product Development team found this out, they realised
that the sender would be unable to run spot checks anymore, thereby losing the control over the
quality of their deliveries. Therefore, only copies of this equipment were transferred to the receiver.

5. During Transfer A, the original plan was that the sender would produce the product until Easter, and
the receiver would produce everything after that. During the second workshop, the transfer parties
reported that this was unrealistic. ‘It is impossible to transfer years of competence overnight’. Fur-
thermore, during the start-up phase of Transfer B, the transfer parties identified problems with the
product design that should have been addressed during the pilot production phase. Moreover, the
transfer parties agreed that the sender should maintain some production capacity to secure deliveries
during the start-up.

6. During Transfer A, the receiver provided many suggestions about how to improve the production
process. According to the receiver, the sender had rejected part of those suggestions without clear
explanations. Moreover, during Transfer B, the sender had problems with their product lifecycle
management (PLM) system, which did not allow purchasing materials for prototypes before design-
freeze. Thus, to be able to purchase materials, the sender had to freeze the design prematurely. Sub-
sequently, many design changes were not recorded until the product developer started to collect them
in an Excel file. The transfer parties agreed that change suggestions should have been treated in a
systematic manner and decisions should have been supported by factual explanations. Moreover,
systems continuously keeping track of valid documentation should be implemented.

7. The department owning the product that had been transferred during Transfer A did not have a clear
overview of the cost-benefit of the transfer.
8. During the second workshop, to the receiver’s surprise, the sender revealed their plans to develop a

new version of Product A. The receiver had scheduled production improvement activities, which
would be futile if the new version was launched.

4.1.2. Paper 2: A Production Transfer Risk Assessment Framework
While Paper 1 focused on the increased risk level during production transfers and possible
challenges that companies may experience because of this, Paper 2 dives deeper into the
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topic of production transfer risk management, shedding light on what may trigger these chal-
lenges, that is, on the risk sources. The remainder of this subchapter presents a selection of
findings from Paper 2, as well as their relation to Paper 1.

When we reviewed the literature to identify relevant risk sources during production transfers
(see Subchapter 3.1), we found that each risk source could be assigned to one of four notable
categories. These categories are (i) (transfer risk sources) related to the transfer object, (ii)
related to the receiver, (iii) related to the supplier relationship and (iv) related to the profit
impact. The literature-based framework of risk sources is presented in Table 9.

Next, we used the in-depth study of the production transfer of a family of acoustic sensors
(sonars) from Sender.Co to Receiver.ES to test if the framework could be useful as a transfer
risk assessment tool. To this end, the transfer project owner and the QA & Risk manager
(both from Sender.Co) jointly assessed and ranked the risk sources according to their con-
tribution to an increased transfer risk level. Both informants had experience with several of
Sender.Co's earlier production transfers. The framework was able to capture all the risk
sources that had arisen during the sonars transfer, suggesting its usefulness as a simple
checklist for identifying and assessing transfer risk sources.

Sender.Co offshored the production in order to get better access to the developed customer
market and the material technology expertise in Spain, as well as to reduce labour cost and
delivery time. Sender.Co was transferring all the production activities to their subsidiary in
Spain, apart from the acoustic technology, which contained high-level IP. Empirical findings
that are illustrative of the literature-based risk sources are presented in Table 9 (right col-
umn). The table only displays an average of the informants’ rankings of the risk sources in
each area (1—low/2—medium/3—high contribution to increased risk).

Paper 2 presents a series of risk sources related to the transfer object. Particularly, the paper
presents risk sources related to the similarity of the transfer object produced by the receiver
to the object produced by the sender (R3, Table 9), the receiver’s limited experience with
the transferred production (R2 and R4, Table 9), the transfer-parties’ lack of experience with
the production transfer process (R1 in Table 9) and the amount of tacit knowledge (R14,
Table 9). For instance, Sender.Co modified the transferred sub-assembly (see R3, Table 9),
asking Receiver.ES to develop a new moulding material. This process delayed the produc-
tion start-up by nearly one year, leading to a monthly estimated loss of ca. 30 000 EUR.

Moreover, the receiver had to purchase most of the machines needed to produce the sub-
assembly (see R4, Table 9). As the machines had been purchased before the decision to
change the moulding material, the receiver did not get any return of their high investment
for over one year. In addition, when the moulding equipment was tested, the receiver found
out that it did not cope with the high viscosity of the new material; hence, they had to modify
the equipment - a process that delayed the start-up even more.

Interestingly, the challenges presented in Paper I are reflected by the literature review in
Paper 2 rather well. For instance, during Transfer B (Paper 1), Sender.Co modified the trans-
fer product (see R3, Table 9), while asking Receiver.NO to secure necessary material from
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suppliers in the absence of a signed formal agreement. Because of several engineering
changes, part of the expensive material that Receiver.NO purchased became obsolete, and it
was unclear how Sender.Co would compensate them for this. In addition, Receiver.NO did
not have any agreement with Sender.Co on future volumes. This posed a significant risk for
Receiver.NO, as they were making significant investments in the transfer. Therefore,
Sender.Co and Receiver.NO reflected that they should always sign a comprehensive formal
agreement prior to transfers, specifying who bares the risk of obsolete material. Furthermore,
the transfer-parties had little experience with the transfer process (see R1) and did not have
any established transfer procedures. Thus, neither they prepared a transfer plan, nor did they
conduct a transfer risk identification and analyse at the beginning of the process. For in-
stance, since Receiver.NO had not produced the same products before and they did not have
test equipment for this, it was decided that Sender.Co's test equipment would be transferred
to them. However, when the product development-department at Sender.Co found this out,
they realised that if the equipment would be transferred, they would not be able to run spot-
checks on the final products anymore, losing the control over the quality of their deliveries.
Thus, only a copy of the test equipment was eventually transferred to Receiver.NO. The
earlier literature supports these findings, showing that production processes that are novel
and with a great level of tacit knowledge tend to be more difficult to transfer, increasing
considerably the overall transfer risk level (Stock and Tatikonda, 2000, Galbraith and
Galbraith, 1990, Malm et al., 2016). For both Transfer B in Paper 1 and the case in Paper 2,
the transferred processes were rather novel for the receivers and the transferred products
were modified, thus implying a high amount of tacit knowledge. Nonetheless, while Malm
et al. [2016] acknowledges the significant impact of the receivers’ experience on the transfer
risk level they also emphasise that the senders’ ability to frame the transfer knowledge in a
way that other people can understand it accurately and put it into practice, is equally im-
portant.

To conclude, the main contributions of Paper 2 include a framework of transfer risk sources
based on the literature. Primarily, the framework can be used when assessing the transfer
risk in the early phase of a production transfer. Secondarily, it can be applied when the trans-
fer object is selected (especially the ‘factors related to transfer object’) and when the location
and receiver are selected (‘factors related to the receiver’). A team with experienced mem-
bers from key disciplines could jointly analyse possible disruptions generated by each risk
source and rank them. Risk mitigation-actions should be considered for the risk sources in
descending priority i.e., first for risk-sources with high scores, etc. Furthermore, as Gelder-
man and Van Weele (2003), Norrman and Jansson (2004) and ISO (2009) recommend, a
cost-benefit evaluation should be conducted before selecting the actions. Thus, if the risk
level is high, it is worth making high investments in e.g. expensive training, provided the
profit impact is also high. Here companies should also consider that it is recommended to
rather prevent disruptions and performance deviations than to correct them.

4.2. 'What are the facilitators of efficient production transfers?
The second research question is addressed in Papers 3 and 4. In Paper 3, the co-authors and
I propose a framework of facilitators of efficient production transfers, based on the literature.



Paper 4 derives a set of lessons learned about transfer management (including risk manage-
ment) and potential facilitators of efficient production transfers, based on a transfer that |
studied in-depth for over two years.

4.2.1. Paper 3: Prerequisites for Successful Production Transfers
The main objectives of this study were to identify potential facilitators of efficient produc-
tion transfers in the existent research, develop a literature-based production transfer proce-
dure based on the facilitators, and compare the procedure with empirical findings from pro-
duction transfer studies. To this end, the co-authors and I capitalised on the systematic liter-
ature review that I presented in Subchapter 3.1.

We structured the identified facilitators according to typical categories of production transfer
actions (based on Madsen, 2009, Fredriksson et al., 2015, and Momme and Hvolby, 2002):
(i) preparation, (ii) execution, (iii) start-up, and (iv) supplier relationship management.
Moreover, to increase the readability of the paper we divided them into two parts: potential
facilitators of efficient production transfers during the (i) preparations phase, and (ii) Exe-
cution, start-up & Supplier Relationship Management, respectively (Table 10 and Table 11).

Furthermore, as Table 10 and 11 show, the preparations and execution were further divided
into the subcategories: ‘organization and project management’ (based on WHO, 2011 and
Galbraith, 1990), ‘pilot production at sender’ and ‘pilot production at receiver’ (both based
on Terwiesch et al., 2001), as well as ‘knowledge transfer’, ‘transfer of administrative sys-
tems’ and ‘supply chain transfer’ (based on Fredriksson and Winstrom, 2014). The
knowledge transfer consists of actions that are necessary for transferring tacit and uncodified
knowledge, whereas the transfer of administrative systems consists of actions necessary for
transferring explicit and codified knowledge (Fredriksson and Winstrom, 2014). The supply
chain transfer consists of actions that are needed for establishing relations to subsuppliers of
raw materials, components and parts (Aaboen and Fredriksson, 2016).

Next, we compared the literature-based procedure (Table 10 and 11) with empirical findings
from the studies of the two production transfers between Sender.Co and Receiver.NO, and-
with findings from a follow-up workshop with Sender.Co about the improvement programs
with relevance for transfer (risk) management, which they were implementing. We presented
challenges during the two production transfers and discussed how those challenges could
have been avoided or more easily dealt with if some of the identified facilitators had been in
place. The facilitators revealed by both the literature and the empirical findings are marked
with (*) in Table 10 and Table 11.

To conclude, the main contributions of Paper 3 include a framework of facilitators of effi-
cient production transfers that are identified in the production transfer-literature. Primarily,
the procedure can inform the transfer plan in the beginning of the production transfer pro-
cess. Secondarily, it can be used as an example of what actions a production transfer process
may require, when the relocation decision is taken, and when the appropriate transfer object,
production location and receiver are selected.
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Table 10: Facilitators of efficient production transfers during the preparation phase (*also revealed by the

case findings)
Id. Facilitators References
Organisation and project management
P1* | Project start-up meeting. Executive level commit- | e.g., (Dudley, 2006, McBeath and Ball, 2012)
ment
P2* | Multidisciplinary transfer team with project manag- | (Madsen, 2009)
ers from both parties
P3 Product Development team (Madsen, 2009, Terwiesch et al., 2001, Rud-
berg and West, 2008, WHO, 2011, Fredriksson
etal., 2015)
P4 Supplier Development team e.g., (Modi and Mabert, 2007)
P5* | Multidisciplinary team for Risk Management (Manuj and Mentzer, 2008b, WHO, 2011)
P6* | Formal agreement between the transfer parties (Danilovic and Winroth, 2005, Zhu et al., 2001,
Franceschini et al., 2003)
P7 Address the impact of IP on communication of tech- | (Danilovic and Winroth, 2005, WHO, 2011)
nical matters
P8* | Up-to-date and easily accessible Transfer Protocol | (Terwiesch et al., 2001, WHO, 2011, Ferdows,
comprising all the transfer documents (i.e. a transfer | 2006)
plan and checklist)
P9 Evaluate the receiver’s readiness (by e.g. Gap Analy- | (McCormack et al., 2008, WHO, 2011, Modi
sis) and Mabert, 2007)
P10* | Risk identification and assessment for the transfer ob- | (McCormack et al., 2008, WHO, 2011)
ject (by e.g., FMEA, FTA, or ETA analyses)
P11* | Assess the transferability of the production system. | (Grant and Gregory, 1997, McBeath and Ball,
Codify tacit knowledge. Replace obsolete equipment | 2012, Hilletofth et al., 2015, Madsen, 2009)
Pilot production at the sender (if suitable)
P12 | Set the performance targets to be achieved prior to the | (Terwiesch et al., 2001)
Physical Transfer (e.g. first pass yields)
P13 | Robust forecasts (of physical transfer, start-up time, | (Fredriksson et al., 2015, Hilletofth et al., 2015)
new lead times, etc.)
P14 | Early problem solving for the production system | (Terwiesch et al., 2001)
(incl. recalibration) and for the supplied compo-
nents/raw materials (by e.g., RCA, or FTA)
P15* | Define the Change Control process (Terwiesch et al., 2001)
P16 | Implement preventive actions (e.g. safety stock and | (Fredriksson et al., 2015, McCormack et al.,
safety capacity). Ensure redundancy 2008)
Knowledge transfer
P17 | Send personnel from the receiver to the sender (in- | (McBeath and Ball, 2012, Grant and Gregory,
cluding FMEA specialists) 1997, Terwiesch et al., 2001, Galbraith and
Galbraith, 1990, Madsen, 2009)
P18 | Video-taped review of the production process (Galbraith and Galbraith, 1990)
P19 | Multidisciplinary training based on non-standard | (McBeath and Ball, 2012, Madsen, 2009)
events. A repository of solutions
P20 | Perform audits at the receiver to verify knowledge | (McBeath and Ball, 2012)
transfer. Test personnel
P21* | Perform activities to enhance the receiver’s perfor- | (Modi and Mabert, 2007)
mance (e.g., FMEA, RCA, VSM, Lean, Six sigma,
and APQP)
P22 | The sender and receiver jointly review and update the | e.g., (McBeath and Ball, 2012, Terwiesch etal.,
transfer documentation and the planning and control | 2001, Fredriksson et al., 2015)
systems
Transfer of administrative systems
P23* | The sender and receiver develop a Communication | (McCormack et al., 2008, WHO, 2011)

Plan (part of the Transfer Protocol)
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1d.

Facilitators

References

P24

The sender transfers documentation. The receiver re-
views the documentation from the sender, identifies
any gaps (in facilities, systems, etc.), and develops
operating procedures and other necessary documen-
tation. Provides the sender feedback on the trans-
ferred documentation

(WHO, 2011)

p25*

Use a common software for managing information
flows

(Malm, 2013, Terwiesch et al., 2001)

Supply chain transfer

P26

Establish relationships to subsuppliers of necessary
raw materials and components

(Aaboen and Fredriksson, 2016)

Table 11: Facilitators of efficient production transfers during execution and start-up (*also revealed by the

case findings)

Id. Facilitators References
Execution

P27 | Upgrade, test, and burn-in the equipment to be transferred | (Madsen, 2009)

P28 | Temporary send personnel from the sender to receiver (in- | (Terwiesch et al., 2001, Ferdows, 2006)
cluding FMEA specialists)
Pilot production at receiver (if suitable)

P29 | Early problem solving for the production system (including | (Terwiesch et al., 2001, Almgren, 1999)
recalibration) and the supplied components/raw materials
(by e.g., RCA, or FTA). Full speed testing
Start-up

P30 | Parties meet to review the Transfer Protocol and met/unmet | (Terwiesch et al., 2001)
performance targets

P31* | Gradual Production Transfer with secondary supply sources | (Fredriksson, 2011, Terwiesch et al.,
(not “clear-cut’). Transfer production during periods with | 2001, Hilletofth et al., 2015, Madsen,
low demand 2009)

P32 | Parallel experimental line at the receiver and a dedicated | (Terwiesch et al., 2001)
process improvement team

P33 | Qualify vendors. ‘Vendor matrix’ for components that can | (Terwiesch et al., 2001)
be used together

P34 | Continuous monitoring of the start-up progress, demand, | (Fredriksson et al., 2015, McCormack et
and safety stock level al., 2008)

P35 | Decide on corrective actions (subcontracting, expediting | (Fredriksson et al., 2015)
part delivery, etc.)

P36 | Adapt the documentation and the planning and control sys- | (Fredriksson et al., 2015, Grant and
tems Gregory, 1997)

P37 | Decide on when to transfer component/ raw material order- | (Fredriksson et al., 2015)
ing responsibility to the receiver

P38* | Production verification. Post-transfer audit. Compare the | (Hilletofth et al., 2015, Zhu et al., 2001)
costs before and after the transfer

P39* | Transfer summary report including deviations, actions and | (Zhu et al., 2001, WHO, 2011, Stock and
lessons learned Tatikonda, 2000)

P40* | Continuous performance improvement and monitoring (in- | (Gero and Stefan, 2009, Madsen, 2009)
cluding conducting audits at the receiver)
Supplier relationship management

P41* | High communication, collaboration, and coordination re- | (Stock and Tatikonda, 2000,

quirements for novel, complex, and/or tacit transfer object.
Leveraging each other’s strengths

McCormack et al., 2008, Vitasek and
Manrodt, 2012)
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P42* | The receiver informs sender about any process conflict. The | (Hilletofth et al., 2015, Rehme et al.,
transfer-parties have regular status meetings 2013)

P43 | Long-term commitment. Invest in supplier development (Modi and Mabert, 2007, Bocquet, 2011)

4.2.2. Paper 4: Investigating Relationships between Production Transfer
Management and Transfer Success

The purpose of Paper 4 was to increase the knowledge about transfer risk mitigation by
exploring the relationships between risk sources and the potential disruptions and losses that
the risk sources may trigger. Moreover, the paper explored the effect of preventive and cor-
rective actions on the risk level and on the efficiency of the production transfer. This paper's
findings are summarised in Table 12. The table presents the seven key relationships that
were identified during the longitudinal field study of a production transfer that was studied
in-depth for 26 months (the same as in Subchapter 4.1.2), as well as the lessons learned about
facilitators of efficient production transfers that were gained from the process of conducting
the transfer project (potential preventive actions). The empirical data was collected and an-
alysed based on the analytical framework from Figure 9. The dimensions in the analytical
framework are further operationalised in detailed lists of potential transfer risk sources, dis-
ruptions, losses-, and preventive and corrective actions (see Paper 4). Table 12 (left column)
includes examples from these five lists.

Risk sources

Preventive actions

Disruptions

Corrective actions

Losses

Related to Transfer-ob-
ject:

Product and production
process

Planning and control
Related to Sender:
Disseminative capacity
Related to Receiver:
Absorptive capacity
Physical location
Related to Sender-Re-
ceiver Relation:

Earlier relation and physi-
cal proximity

Power balance

Organisation & Project
Management actions
Quality Management
actions

Knowledge Transfer
actions

Administrative Trans-
fer actions

Supply Chain Transfer
actions

Internal to Supply
Chain:

Supply disruptions
Operational disrup-
tions

Demand disruptions
HSE disruptions
External to Supply
Chain:

Natural disasters
Labour strikes
Security disruptions

Macroeconomic dis-

ruptions
Policy disruptions

To mitigate: Sup-
ply/operational/de-
mand disruptions

To mitigate:
HSE/security/macroec
onomic/policy disrup-
tions, natural disas-
ters, and labour
strikes

Human and Health losses
Material losses
Environmental losses

Figure 9: The analytical framework that was used to collect and analyse the empirical data

The lessons learned can be divided into two categories: (lessons learned) (i) related to the
cross-locational management of the production transfer project at the sender and receiver
(Relationship 1-3 and Relationship 7 in Table 12), and (ii) the power balance between the
sender and receiver with regards to production adaptation and sub-supplier selection (Rela-
tionship 4-6).

The existing production transfer-literature shows that dedicating personnel at the sender to
the production transfer (Fredriksson et al., 2015) and having a project manager at the re-
ceiver’s site (Terwiesch et al., 2001) has a positive impact on the transfer-outcome. How-
ever, surprisingly, the production transfer-scholars have so far payed little attention to the
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Table 12: Key empirical findings and lessons learned (PT=production transfer)

Relationships between risk sources, disrup-
tions, corrective actions and losses

Preventive actions to mitigate the risk of disrup-
tions and losses (lessons learned)

A long geographical distance can lead to supply
disruptions (such as significant schedule disrup-
tions), corrective actions such as the repeated re-
scheduling of activities and overtime, and even-
tually, to material losses.

Risk sources related to the receiver’s absorptive
capacity (e.g. when new equipment has to be in-
tegrated into the receiver's production system) in
combination with demand disruptions (e.g. the
sender’s demand changes after agreeing on the
PT scope) can lead to excessive equipment ca-
pacity, excessive inventory, and eventually, to
significant material losses.

Risk sources related to the receiver's absorptive
capacity (e.g. when the receiving production site
is greenfield), can lead to significant schedule
disruptions, to corrective actions such as the re-
peated rescheduling of activities and overtime,
and eventually, to material losses.

Risk sources related to the product & production
process and the receiver's absorptive capacity
(e.g. modifying the object of the transfer before
PT execution in combination with the receiver's
modest experience with the transferred produc-
tion), can lead to supply disruptions (e.g. signifi-
cant schedule disruptions) and operational dis-
ruptions (e.g. nonconformances), to corrective
actions such as the repeated rescheduling of ac-
tivities, and to material losses.

Risk sources related to the receiver's absorptive
capacity (e.g. the receiver's modest experience
with the transferred production), can lead to sup-
ply disruptions (such as significant schedule dis-
ruptions), operational disruptions (such as non-
conformances), corrective actions such as the re-
peated rescheduling of activities, and, eventu-
ally, to significant material losses.

Risk sources related to the receiver's physical lo-
cation (e.g. introducing new subsuppliers) can
lead to supply disruptions (e.g. material short-
ages or supplier bankruptcy), and eventually, to
material losses.

The lack of thorough planning and monitoring of
the PT can enhance all the risk sources and sig-
nificantly increase the overall PT risk level and
transfer time.
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The transfer parties should name a cross-locational
project manager (preferably with PT experience) in
the early phase of a PT, and his/her role and respon-
sibilities should be clarified during general meet-
ings. The manager should organise monthly gen-
eral meetings with the entire transfer team to re-
view the project milestones and more frequent (e.g.
every two weeks) detail meetings with each depart-
ment to review the actions.

By signing a comprehensive formal agreement and
freezing the modification of the PT scope after
signing the agreement, the transfer parties are likely
to avoid considerable losses caused by the sender’s
demand changes after agreeing on the PT scope.

The transfer parties should collaborate closely
when the layout plan of the receiver’s premises is
prepared and freeze the layout design after agreeing
on the final version.

The more significant the changes applied to the
transferred production, the higher the risk level and
the longer the PT-process.

Extensive learning-by-doing training of the receiv-
er's operators at the sender can significantly miti-
gate the PT risk level and reduce the start-up time.

Keep the existing subsuppliers until production is
steady-state to avoid introducing additional risk
sources such as suboptimal quality, flexibility, ser-
vice level, or reliability of the new subsuppliers.

Applying a thorough PT procedure right from the
start of the transfer and implementing it by help of
an action plan is likely to considerably mitigate the
PT risk and reduce the transfer time. The action
plan could be uploaded to a joint cloud platform
and must be kept updated.



role played by the cross-locational project management (connecting the sender and re-
ceiver’s organisations) during transfers. The findings in the previous section show that this
topic requires increased focus in future research. Furthermore, this study’s results are similar
to the findings of Zhu et al. (2001), which highlight that it might be appropriate to hold
weekly and well-documented status meetings during production relocations, and that meet-
ing notes should be distributed to each action owner. However, this would require a substan-
tial amount of resources, increasing the production transfer cost. The case findings indicate
that to economise working hours, the transfer-parties could consider organising two types of
status meetings: weekly (or every two weeks) detail meetings with each department to re-
view their actions, and monthly general meetings with the entire transfer team, to review the
project milestones (see Relationship 1, Table 12).

The case findings also show that by signing a comprehensive formal agreement and freezing
the modification of the transfer scope after signing the agreement, the transfer parties are
likely to avoid considerable losses caused by the sender’s demand changes after agreeing on
the transfer scope (see Relationship 2, Table 12). The agreement can include specifications
about the business relationship between the sender and receiver (Zhu et al., 2001), project
timeline, expected performance targets, ways to address any controversy, the risk assumed
by each party, the ownership of the transferred product(s), forms of termination (Danilovic
and Winroth, 2005, Franceschini et al., 2003, Zhu et al., 2001), specifications about who
may have access to confidential information (Danilovic and Winroth, 2005), etc.

Furthermore, the in-depth study indicates that the transfer parties should collaborate closely
when the layout plan is prepared. Apparently small omissions (cable trays, the location of
pillars, utility connections, etc.) can lead to significant schedule disruptions (Kowalski et al.,
2018). Transfer parties might have to transfer and integrate at the receiver’s premises a high
number of items, such as when production lines are transferred. Thus, preparing and agreeing
on a comprehensive, updated, and timely layout plan and other necessary documentation
ahead of the layout work can be of paramount importance (see Relationship 3, Table 12).
Moreover, in line with WHO (2011), Zhu et al. (2001) and Terwiesch et al. (2001), this
study’s findings shed light on the importance of a thorough transfer procedure that should
be implemented right from the start of the production transfer (see Relationship 7, Table 12).

Compared to Grant and Gregory’s (1997) study about the advantages of applying changes
to the transferred production process to improve its ‘transfer fitness’ (e.g. replacing complex
systems with systems that are more user-friendly to the receiver), this study shows that the
transfer-parties should be aware that any type of change can introduce new risk-sources. The
more significant the changes applied to the transferred production, the higher the risk-level
and the longer the production transfer-process. Nonetheless, in line with a plethora of earlier
‘knowledge transfer’ studies, e.g. Galbraith’s (1990) and Terwiesch et al. (2001), ensuring
that the receiver’s personnel have the appropriate competency for the transferred production
through an extensive learning-by-doing training at the sender, can significantly mitigate the
transfer risk level and reduce the start-up time. Moreover, McBeath and Ball (2012) argue
that whenever possible, the training must take place at the sender’s production facility, prior
to the transfer execution. In addition, to overcome any nondisclosure of tacit knowledge, the
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training should be repeated with different experienced personnel. (See Relationship 4 and 5
in Table 12.)

Furthermore, Gant and Gregory (1997) argue that the receivers are usually the ones that are
best fit to adapt the transferred production to match their own production environment. For
instance, the receiver may know local subsuppliers that deliver cheaper and high-quality
components or raw materials. Conversely, Fredriksson et al. show that often receivers do not
have enough competency to take charge of issues such as the qualification of new subsup-
pliers in the early phase of a production transfer (Fredriksson et al., 2019). This study’s
results add to these findings, indicating that despite higher inbound logistics costs and other
short-term disadvantages, it may pay off to only change the subsuppliers after the production
steady-state, in order to avoid introducing additional risk-sources to an already risky transfer
process (see Relationship 6, Table 12). Nonetheless, Aaboen and Fredriksson (2016)
acknowledge that if receivers are not given enough mandate during the transfer process, they
may not integrate the transferred production well enough into their own production environ-
ment. Thus, the question of how much and when the sender should empower the receiver to
adapt the production to their own environment and to select new subsuppliers is an intriguing
avenue of further research.

To conclude, the main contributions of Paper 4 include an increased knowledge about the
relationships between the risk sources, disruptions, and the losses that the senders and re-
ceivers may experience during transfers. Furthermore, the paper arguably contributes to an
increased understanding of the effect of preventive and corrective actions on the risk level
and the relocation outcome. Finally, the paper derives a set of lessons learned about facilita-
tors of efficient transfer management (including risk management) from a production trans-
fer, which I studied in-depth for over two years.

4.3. What are the main actions in a production transfer procedure that aids
the transfer risk mitigation?

The third research question is addressed in Papers 5 and 6. In Paper 5, the co-authors and I
propose a validated procedure for the preparation of production transfers that is based on
risk management principles. The procedure should help companies mitigate the risk of dis-
ruptions during transfers, and achieve their production relocation goals. Moreover, the paper
attempts to enhance the production transfer literature by clarifying the meaning of transfer-
risk management. Paper 6 presents how the literature-based transfer procedure from Paper 3
can be integrated into one of the possible relocation processes, the production outsourcing.

4.3.1. Paper 5: A Transfer Procedure Based on Risk Management Principles
Based on findings from the literature review, the Action Research during the transfer to
Spain and the survey during the international workshop with production transfer-practition-
ers, the authors developed the basic framework in Figure 10. Its aim is to foster a mutual
understanding among the academia and transfer practitioners, of the main categories of pre-
ventive actions in a transfer preparation procedure (based on Fredriksson and Wénstrom
(2014), Madsen (2009) and WHO (2011)), and the relation between these. Each of the five
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~~ QUALITY MANAGEMENT
Receiver’s readiness-evaluation =
Transfer risk assessment = HSE =...

SUPPLY CHAIN TRANSFER

Establish relationships to sub-suppliers =...

ADMINISTRATIVE TRANSFER
Systems integration * Documentation preparation =...

SENDER
RECEIVER

KNOWLEDGE TRANSFER
Cross-locational transfer of personnel = Knowledge
transfer-verification =...

ORGANISATION & PROJECT MANAGEMENT
Cross-locational project manager = Regular status meetings * Common
document directory =...

Figure 10: Main types of preventive actions in a transfer-preparation procedure based on risk manage-
ment principles, and the relation between these

preventive action categories includes a few examples of keywords from the literature-based
transfer procedure (Tables 10 and 11, Subchapter 4.2.1). It should provide a basic structure
that can be easily used to introduce the transfer preparation procedure in the early phase of
a production transfer.

Furthermore, this paper proposes a validated procedure for the preparation of production
transfers, which is based on the literature-based transfer procedure (see Subchapter 4.2.1),
as well as on risk management principles. This procedure informs the risk mitigation during
the transfer-risk management process and is presented in Table 13. To reduce the likelihood
of potential disruptions with an unacceptable risk level, transfer practitioners should imple-
ment all the preventive actions in the procedure which they deem relevant (e.g. based on a
cost-benefit analysis), in the early phase of production transfers. The procedure suggests that
the preventive actions should be implemented in a certain sequence. However, this is the
result of the refinement process during the action research, when the procedure was adapted
to the transfer to Spain during which it was implemented. Thus, the exact sequence of the
actions is expected to vary from transfer to transfer.

The transfer preparation procedure was refined and validated by the sender and receiver’s
personnel involved in the transfer to Spain, and by international transfer-practitioners, who
applied it to three transfers with which they had worked (see Subchapter 3.3.1 and 3.2). The
three selected transfers belonged to different industries (food, maritime technology and aer-
ospace production) and had been conducted between different countries. While all the
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senders were located in Nordic countries, the receivers were located in three distinct geo-
graphical areas (Estonia, China and India). Furthermore, two of the transfers were part of
offshoring processes and one was part of an outsourcing. In addition, the complexity of the
transfer object varied across the production transfers, including both ‘simple’ transfer objects
(a production line for bread) and complex (aircraft production). Nevertheless, despite
these differences between the transfer examples, each transfer practitioner evaluated 94.62%
of the actions as highly and moderately relevant. Of the preventive actions, 74.19% were
highly relevant for the food production transfer, 64.52% for the maritime technology trans-
fer, and 77.42% for the aerospace production transfer. This indicates that the transfer-prep-
aration procedure should be useful for different types of production relocations and produc-
tion industries. Furthermore, the procedure can also be useful during the Relocation-decision
and the Supplier-selection phases as an illustration of what the preparation of a production
transfer implies (e.g. the amount of actions that senders and receivers must implement and
what they consist of). For instance, the procedure could inform a holistic cost evaluation of
producing in-house vs. at a supplier (Fredriksson, 2011). If the cost of the production transfer
exceeds the benefits, it may not be worth proceeding with the relocation process. Note that
the preventive action categories in Table 13 deviate from the literature- based categories in
Figure 10 as a result of the procedure refinement process during the action research, when
the case company adapted the procedure to their needs.

Furthermore, Paper 5 emphasises the importance of managing organisation, project and
quality during production transfers (also illustrated in Figure 10). During the transfer to
Spain, most of the preventive actions related to organisation and project management that
were initially regarded as highly relevant were assigned a medium risk in the action plan;
the transfer parties did not consider them as indispensable for the ability to produce during
the start-up phase. However, at the end of the action research several of those actions turned
out to be more important than thought earlier, for example, holding regular cross-locational
status meetings, and collecting all the transfer documentation in an electronic directory that
is easily accessible to the entire transfer organisation and is continuously updated. When the
transfer practitioners evaluate the ‘organisation & project management’ actions, they should
be aware that even though these actions might not be regarded as indispensable for the ability
to produce during start-up, they could facilitate the execution of those actions that are indis-
pensable. For instance, an electronic directory that contains all the necessary transfer docu-
mentation and is rigorously used by all the transfer personnel should be a minimum require-
ment for a smooth transfer of administrative systems. It can significantly mitigate the risk of
schedule disruptions and of needless costs caused by, for example, late or missing documen-
tation. Finally, the findings also indicate that practitioners should revisit the transfer prepa-
rations procedure several times as the relevance of the actions may change throughout the
production transfer.

The Action Research also showed that the preventive actions related to quality management
enable or facilitate the achievement of transfer performance targets. Based on his experience
with the transfer to Spain and with another large offshoring to Asia, the QA & risk manager
(employee at Sender.Co) recommended that before starting with knowledge transfer actions



such as training, the transfer parties should verify that an appropriate quality management
system is in place at the receiver. This should be done by conducting a gap analysis at the
very beginning of the production transfers in order to identify risk sources connected to the
readiness of the receiver’s facilities, equipment and support services (e.g. HSE management,
and purchasing and inventory control mechanisms). After identifying the ‘gaps’, a risk iden-
tification and assessment should be conducted together with the receiver, and appropriate
risk mitigation actions should be implemented.

Furthermore, the action research showed that the administrative transfer, and in particular
the integration of the sender and receiver’s relevant ICT systems (e.g. ERP and test systems)
could be a complex endeavour; hence, it should be initiated as early as possible during the
preparation phase. In an era of increasing digital transformation, the integration of the sender
and receiver’s relevant ICT systems is expected to become more and more critical for the
transfer parties’ competitive edge. Moreover, by carefully reviewing and preparing the trans-
fer documentation ahead of the receiver’s training, the senders could streamline the
knowledge transfer and significantly reduce expenses.

According to Fredriksson et al. (2014), if the senders and receivers regard the administrative,
supply chain, knowledge and physical transfers as four distinctive parts of any production
transfer, they are likely to allocate more resources to ensure each of these transfers. Simi-
larly, the authors contend that if the senders and receivers are aware of the role played by
the preventive actions related to the organisation, project and quality management areas dur-
ing production transfers, it will be easier to invest in them.

To conclude, Paper 5 proposes a thoroughly validated procedure for the preparation-phase
of the production transfer based on risk management principles. Primarily, the procedure can
be used to prepare for the execution and start-up phases of the transfer and preventively
mitigate the risk of disruptions. Secondarily, it can be used as an example of a transfer prep-
aration process when the appropriate transfer object, production location and receiver are
selected.

4.3.2. Paper 6: A Proposed Outsourcing Procedure

As seen in Subchapter 4.2.1, Paper 3 proposed a literature-based procedure, including facil-
itators of efficient production transfers for each of the transfer phases: preparation, execution
and start-up. However, the production transfer is part of a larger process, that is, the produc-
tion relocation. Thus, while Paper 5 focused on the critical transfer preparation phase, and
showed how the literature-based procedure was implemented and adapted to a specific case,
in this paper, the co-authors and I presented how the procedure can be integrated into one of
the most common relocation processes, the production outsourcing. To this end, we synthe-
sised outsourcing frameworks from the research literature and the production transfer pro-
cedure into one holistic outsourcing procedure that is presented in Table 14. Moreover, we
applied the procedure to two outsourcing cases (transfers 1-2 in Table 5, Subchapter 3.2),
and reflected on the relevance of the procedure actions for transfer risk mitigation, and for
achieving the performance outcomes that the transfer parties expected. Note that for the
preparation phase (O13—034), one should consider the detailed procedure in Paper 5.
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Table 14: Proposed outsourcing procedure

Outsourcing policy:
O1. Identify the amount of cost-driven, strategy-driven and
politically-driven outsourcing (Kremic et al., 2006,
Brandes et al., 1997)
02. Analyse whether benefits and risks will strengthen or
weaken the decision to outsource (Kremic et al., 2006)
03. Establish policy document (Kremic et al., 2006)
04. Communicate the company’s outsourcing policy to
employees (Kremic et al., 2006)

Outsourcing candidate selection:
O5. Identify possible candidates for outsourcing (func-
tions, products or processes) (Kremic et al., 2006)
06. Evaluate identified candidates (Kremic et al., 2006,
Semini et al., 2013)
0O7. Select candidate(s) (Kremic et al., 2006)

Supplier selection:
08. Prequalify suppliers (Cousins et al., 2008)
09. Agree on measurement criteria (Cousins et al., 2008)
010. Obtain relevant information (Cousins et al., 2008)
O11. Select the supplier (Cousins et al., 2008)
012. Contract negotiation (Danilovic and Winroth, 2005)
Transfer preparation:
013. Establish Project team (Madsen, 2009, WHO, 2011)
014. Kick-off meeting (Dudley, 2006)
O15. Establish other teams (Terwiesch et al., 2001, WHO,
2011)
016. Sign formal agreement (Danilovic and Winroth,
2005, Zhu et al., 2001)
O17. Plan as Stepwise Transfer during low demand season
(if possible) (Fredriksson et al., 2015)
018. Ensure interaction with the receiver. Higher uncer-
tainty, higher requirements (Stock and Tatikonda, 2000)
019. Develop training plan (Andre and Peter, 2012)
020. Create transfer register. Include transfer plans and
checklist, Change Control procedure, etc. (WHO, 2011)
021. Evaluate the receiver’s readiness (premises, equip-
ment, support services) (WHO, 2011)
022. Perform transfer risk identification, assessment and
mitigation. Implement risk mitigation actions (Fredriksson
etal., 2015)
023. Problem solving/upgrading/recalibration/test of pro-
duction system (Terwiesch et al., 2001, Madsen, 2009)
024. Define Engineering Change process (Terwiesch et
al., 2001)
025. Train the receiver’s personnel (Terwiesch et al.,
2001, Andre and Peter, 2012)
026. Update/create documentation with the receiver
(Terwiesch et al., 2001, Andre and Peter, 2012,
Fredriksson et al., 2015)

027. Improve the receiver’s performance (Modi and

Mabert, 2007)

028. Update the planning & control system (Fredriksson

etal., 2015)

029. Develop Communication plan (WHO, 2011)

030. Transfer information (WHO, 2011)

031. The receiver reviews information and identifies gaps

(WHO, 2011)

032. Ensure joint information sharing platform (Terwiesch

etal., 2001)

033. Establish relations to subsuppliers (Aaboen and

Fredriksson, 2016)

034. Verify preparations (Fredriksson et al., 2015)
Physical transfer:

035. Transfer production equipment (Madsen, 2009)

036. Send personnel to the receiver (Terwiesch et al.,

2001)

037. Install and test production equipment (Madsen, 2009)
Production start-up:

038. Sender temporary transfers personnel (Terwiesch et

al., 2001)

039. Set up experimental line (Terwiesch et al., 2001)

040. Involve all affected personnel (Madsen, 2009)

041. Qualify raw material/component sub-suppliers

(Terwiesch et al., 2001)

042. Decide when to transfer responsibility to order raw

material/components to the receiver (Fredriksson et al.,

2015)

043.Adapt processes to the receiver's environment (Grant

and Gregory, 1997)

044. Problem solving of parts/materials (Madsen, 2009)

045. Verify production (Hilletofth et al., 2015)

046. Continuously monitor performance. Consider shut-

down when the output is lower than the targets to solve

problems (Terwiesch et al., 2001)). Implement mitigation

actions (Fredriksson et al., 2015, McCormack et al., 2008).

047. Adapt the documentation and the planning & control

systems (Fredriksson et al., 2015)

048. Conduct post-transfer audit. Evaluate transfer

(Hilletofth et al., 2015, Zhu et al., 2001)

049. Generate summary report (lessons learned, etc.)

(WHO, 2011)

Production steady state:

050. Continuously monitor and improve production

(Madsen, 2009). Consider maintaining experimental line

(Terwiesch et al., 2001)

According to Kremic et al. (20006), three classes of motivators can drive outsourcing: cost,
strategy and politics. The sender should have a conscious attitude towards these (O1, Table
14). For instance, the outcome of an outsourcing is often more successful if the decision is
based on strategic motivators rather than solely on financial considerations (Brandes et al.,
1997). Next, the sender should analyse whether the benefits and risks of the outsourcing
either strengthen or weaken the decision (O2). Thereafter, the resulting outsourcing policy
should be documented (O3) and communicated (O4) to the employees. Next, the sender
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should identify (O5), evaluate (06) and select (O7) what production activity (if any) to out-
source, based on strategic, financial, functional and environmental factors, and on the out-
sourcing policy (Kremic et al., 2006). Moreover, Semini et al. (2013) suggest paying careful
attention to logistics, equipment utilisation, proximity to product development and IP.

When the company has selected the functions, products, or processes to be outsourced, the
next stage is to select an appropriate receiver and transfer location. First, suppliers are
prequalified (O8, Table 14). Prequalification criteria will vary among companies and indus-
tries; however, suppliers’ production capabilities and financial viability will typically be
evaluated. Often, companies keep a record of prequalified suppliers, enabling them to skip
this phase. Next, the company should agree on performance measurement criteria (O9) that
are suitable for the outsourced product (e.g. unit price, lead-time, and supplier flexibility).
Third, detailed information about suppliers’ capabilities should be obtained (O10), for ex-
ample through requests for proposal, and ultimately, the receiver should be selected (O11).
Danilovic and Winroth argue that the production relocations must be supported by legal
agreements (O12) regardless of the level of integration in a manufacturing network
(Danilovic and Winroth, 2005). Examples of issues that should be addressed in the agree-
ment are risk allocation, security issues and renegotiation/termination rules (Fredriksson et
al., 2014).

To conclude, only when the outsourcing decision and supplier selection phases (and the cor-
responding actions) are completed can the production transfer commence, and the procedure
proposed in Paper 3 can be applied.
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5. Discussion

The overall purpose of this PhD research has been to investigate how production transfer
processes can be conducted in order to mitigate the transfer risk. The final goal of the re-
search has been to develop a procedure for efficient production transfers based on risk man-
agement principles. To this end, I addressed the research questions: What are the potential
risk sources when transferring production?; What are the facilitators of efficient production
transfers?; and What are the main actions in a production transfer procedure that aids trans-
fer risk mitigation? This chapter discusses the theoretical and practical contributions of the
research, showing how production transfer processes and risk management during these pro-
cesses should be conducted based on the PhD results.

5.1. Contributions to Research

The main theoretical contributions of the research include an increased knowledge of poten-
tial transfer risk sources, as well as an increased knowledge of facilitators of efficient pro-
duction transfer processes. Moreover, the research provides a thoroughly validated proce-
dure that supports transfer risk mitigation and facilitates an efficient management of the
transfer process, from initialisation to full-scale and stable production. These contributions
are positioned within the field of operations management of multisite production networks.
Table 15 provides an overview of key contributions from each paper.

The first contribution in Table 15 is the description of the ‘production transfer’ phenomenon
as the distinctive process of implementing production relocation decisions such as offshoring
and outsourcing. This contributes to the vast literature on operations management of multi-
site production networks, and in particular to the production relocation area (e.g.,
Fredriksson, 2011, Madsen, 2009). Based on Fredriksson and Wénstrom (2014), this thesis
defines the production transfer as the process of relocating production activities (including
the knowledge, equipment, inventories, administrative systems and subsuppliers needed to
perform the activities) between two production units, sender and receiver. The papers show
that despite the fact that production transfers are a common phenomenon among production
companies, there is a need to increase the knowledge about production transfer management,
and in particular, about the systematic actions (including risk management actions) that are
important for efficient transfer processes. Considering the significant amount of resources
that companies invest in production relocations and the risk to which they expose them-
selves, these were surprising findings, providing intriguing research opportunities.

Second, Papers 4 and Paper 5 describe and explain the phenomenon of ‘risk management
during production transfers’, adding to the knowledge on supply chain risk management
(e.g., Manuj and Mentzer, 2008, Norrman and Jansson, 2004) and risk management during
production relocations (e.g., Cheng et al., 2010, Fredriksson et al., 2015).

Third, Paper 2 presents a framework of potential risk sources during production transfers,
which is further refined in Paper 4. The framework includes risk sources related to the
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Table 15: Summary of the key contributions from the six included papers

Paper | #1 #2 #3 #4 #5 #6
Contribution

1. Codification of the phenomenon ‘production transfer’

2. Codification of the phenomenon ‘production transfer risk
management’ X X

3. A framework of potential risk sources during production
transfers X X

4. A framework of facilitators of efficient production trans-
fers during all three phases of a transfer process X

5. A set of lessons learned about production transfer (risk)
management

6. A procedure for the preparation phase of the production
transfer, based on Risk Management principles X

7. llustrating that a production transfer not only depends on
the physical, knowledge, administrative and supply chain
transfer, as presented in earlier research; it also depends on X
the organisation, project and quality management during
the production transfer

8. Presents the relationship between the production transfer
process and one of the possible relocation processes, the X
production outsourcing

transfer object, sender, receiver, and risk sources surrounding the relationship between the
sender and the receiver. This adds to the knowledge on risk management during production
relocations (e.g., Fredriksson et al., 2014, Tatikonda and Stock, 2003, Grant and Gregory,
1997).

Fourth, Paper 3 presents a framework of facilitators of efficient production transfers for all
three phases of a transfer process, that is, preparation, execution, and start-up. The frame-
work contains a detailed overview of recommended actions during a production transfer
process (overseen in earlier offshoring/outsourcing procedures and frameworks), and is
based on the most comprehensive frameworks that were identified in the production reloca-
tion literature (Fredriksson et al., 2015, Madsen, 2009, WHO, 2011).

The fifth contribution of this dissertation is the set of seven propositions that Paper 4 ad-
vances, which contain insights about production transfer management. The propositions
were developed based on the analysis of a series of disruptive scenarios that occurred during
the production transfer studied longitudinally for over two years. The propositions arguably
contribute to an increased knowledge base about how to mitigate the risk during production
transfers and about the cross-locational management of the production transfer at the sender
and receiver. Moreover, the propositions contribute to increased knowledge about the power
balance between the sender and receiver with regards to production adaptation and sub-sup-
plier selection.
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The procedure proposed in Paper 5 is arguably the first transfer preparation procedure that
is based on risk management principles, and addresses the organisation, project and quality
management, knowledge transfer, supply chain transfer and administrative transfer. More-
over, the procedure was validated by the sender and the receiver at the main case company.
Both the sender and receiver evaluated that the procedure had a positive impact on the effi-
ciency of the production transfer during which it was implemented. In addition, transfer
practitioners outside the main case company confirmed that the procedure was useful for
production transfers within other types of industries with contrasting characteristics. The
goal of this procedure is to aid the prevention of disruptions during transfers and thereby
facilitate efficient transfer processes. Although several production transfer scholars have
acknowledged the importance of a thorough preparation phase and recommended relevant
preparatory actions (e.g., Madsen, 2009, Terwiesch et al., 2001), to the authors’ knowledge,
none have yet proposed a validated transfer preparation procedure. The co-authors and I
argue that this paper contributes to the production transfer literature by providing a detailed
and systematic description of the preventive actions that senders and receivers can imple-
ment in order to prepare for the transfers and reduce the amount of disruptions. Furthermore,
although some of the production transfer scholars acknowledge the importance of managing
the risk during transfers, Fredriksson et al. (2015) is the only identified paper that explicitly
recommends preventive actions during production transfers. Nevertheless, this paper focuses
on the preventive actions that may be necessary to avoid shortages of raw materials and
components, which relates to the supply chain transfer and part of the transfer of adminis-
trative systems. Thus, the proposed transfer preparation procedure supplements the proce-
dure of Fredriksson et al. (2015) with preventive actions related to organisation, project and
quality management, knowledge transfer and with other relevant administrative transfer ac-
tions from the production transfer literature.

Last, Paper 6 presents how the production transfer procedure described in Paper 3 can be
integrated into one of the possible relocation processes, the production outsourcing. Thus,
the proposed procedure in Paper 6 also addresses the outsourcing decision-making and the
supplier selection processes. The facilitators for these two processes are based on two frame-
works from the production relocation literature, that is, Kremic et al. (2006) and Cousins et
al. (2008).

These contributions can be discussed in light of the following theories with relevance for the
field of operations management of multisite production networks: transaction cost econom-
ics, agency theory, resource-based view, knowledge based-view, task interdependence the-
ory, eclectic theory and the organisational learning theory (introduced in Subchapter 2.4).

In line with the transaction cost economics theory (Williamson, 1975, Tsay et al., 2018), the
research results highlight the importance of a close relationship between the sender and re-
ceiver during the production transfer process, with high levels of communication, collabo-
ration and coordination between the two sites during both offshoring and outsourcing pro-
cesses. Facilitators of a close sender-receiver relationship, which the informants (see Paper
5, ‘A transfer procedure based on risk management principles’) unanimously evaluated as
highly relevant for production transfers with contrasting traits, include assigning a cross-

60



locational project coordinator and transfer project managers at both sites, as well as estab-
lishing a project team with representatives from all the disciplines affected by the transfer,
and from both transfer parties. Each team member should have clear roles and responsibili-
ties. Furthermore, the informants unanimously evaluated the project start-up meeting with
the sender and receiver’s transfer personnel as a highly relevant facilitator of efficient trans-
fer processes. The object of the transfer, reasons for the transfer, the relationship between
the transfer parties and expected performance targets should be announced at the start-up
meeting. This would, for instance, reduce the information asymmetry between the transfer
parties with regards to their roles and responsibilities and the transfer goal. Furthermore,
both the longitudinal study of the production offshoring to Spain and the two studies of
production offshoring to the Norwegian receiver shed light on the importance of signing a
formal agreement with the receiver, that is, even when the receiver is owned by the sender.

In accordance with the agency theory (Eisenhardt, 1989a), the research results showcase the
importance of performance monitoring and of conducting audits at the receiver. For instance,
the formal agreement that the transfer parties sign should include specifications regarding
performance targets and how to monitor them, profit and risk sharing, the rights to access
confidential information and product ownership (see Paper 3, ‘Prerequisites for successful
production transfers’, and Paper 5). Moreover, the facilitators that the informants unani-
mously evaluated as highly relevant for efficient transfers include making robust forecasts
of indicators such as start-up time, new lead times and new quality levels (and monitoring
them during the start-up and beyond), as well as conducting an audit at the receiver during
the preparation phase to evaluate its readiness for transfer with regards to facilities, equip-
ment and support services (e.g. by a gap analysis; see Paper 5). In addition, the informants
recommended the validation of the receiver’s readiness after the implementation of any nec-
essary preventive actions and highlighted the importance of verifying the knowledge transfer
prior to production start-up (e.g. by checking the transfer documentation and testing the re-
ceiver’s personnel).

In consonance with the resource-based view theory (Barney, 1991, Penrose, 1959), the
sender in the longitudinal offshoring study pursued enhancing their core competencies by
capitalising on the material technology expertise at the receiver. This led to the replacement
of one material in the transferred sub-assembly with a more performant one, and subse-
quently, to a significant delay of the start-up and considerable expenses. Thus, one of the
lessons that the informants drew from this production transfer was that the more significant
the changes applied to the transferred production, the higher the risk level and the longer the
transfer-process appears to be (see Paper 4, ‘Investigating Relationships between Production
Transfer Management and Transfer Success’). It might have been more efficient to change
the material after the production steady-state in order to avoid introducing a new risk source
in an already complex process, and to retain the possibility to compare the sub-assembly
produced by the receiver with the one produced by the sender.

In line with the knowledge-based view theory (Grant, 1996a, Grant, 1996b, Kogut and Zan-
der, 1992) and task interdependence theory (e.g., Thompson, 1967, Van de Ven et al., 1976,
Kumar et al., 2009), the research results highlight the importance of complete and updated
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transfer information, temporary employee transfers between sites, learning-by-doing train-
ing, and joint ICT systems for knowledge integration. For instance, the facilitators that the
informants unanimously evaluated as highly relevant include ‘reviewing, updating, translat-
ing and creating missing documentation’, ‘preparing a list of items and documentation to be
transferred (as well as specifying transfer mechanisms, if purchases are required, and the
costs and lead-times to the receiver)’, and ‘updating the planning and control systems’ (see
Paper 5). In addition, the informants highly recommended sending personnel from the sender
to the receiver to provide training on testing methods, as well as an electronic repository that
includes all the transfer documentation, is easily accessible to all the sender and receiver’s
transfer personnel and is kept updated. Furthermore, even though the receiver’s facility was
greenfield and the personnel had limited experience with the production of the transferred
sub-assembly, the longitudinal offshoring study indicated that an extensive learning-by-do-
ing training of the receiver’s operators at the sender can significantly mitigate the transfer
risk level and reduce the start-up time (see Papers 4 and 5).

As introduced in Subchapter 2.4, the risk sources in the framework from Papers 2 (‘A pro-
duction transfer risk assessment framework’) and 4 are based on the knowledge-based view
theory and task interdependence theory (particularly the risk sources related to the transfer
object and the sender), the eclectic theory (particularly the risk sources related to the re-
ceiver), and on the transaction cost economics, agency theory and resource based-view (par-
ticularly the risk sources related to the relationship between the sender and receiver). In ad-
dition, Paper 3 (‘Prerequisites for successful production transfers’), Paper 4, Paper 5 and
Paper 6 (‘A structured outsourcing procedure’) provide examples of disruptions and losses,
and preventive and corrective actions for risk mitigation, which, along with the risk sources
framework, can inform a total cost analysis of producing in-house vs. at a receiver
(Fredriksson, 2011); if the cost of the production transfer exceeds the benefits, it may not be
worth proceeding with the relocation process. A better estimation of the transaction costs
enables increasingly profitable relocation decisions.

Lastly, even though the sender in the longitudinal offshoring study had a broad production
transfer experience (the studied transfer was their 20™), they were often experiencing exces-
sively long start-ups and high scrap and inventory levels during the transfers. At the end of
the longitudinal offshoring study, informants in both transfer parties reflected that applying
a thorough production transfer procedure right from the start of the transfer and implement-
ing it by help of an action plan appeared to considerably mitigate the transfer risk and reduce
the transfer time. The action plan can be uploaded to a joint cloud platform and must be kept
updated. In the light of the organisation learning theory (e.g. Levitt and March, 1988), which
contends that companies learn from their own experience and from others, these findings
indicate that the production transfer experience should be also supported by systematic and
robust transfer methods and tools.

5.2. Implications for Practitioners

This subchapter presents the key practical implications of the papers, and how the research
results can be applied. Figure 11 depicts the three main types of results that this PhD research
produced, and the relationship between them. The figure includes examples of research
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Figure 11: The relationship between the research questions (RQs) and selected research results

contributions and is based on the theoretical research framework in Subchapter 2.6 (in Figure
4).

First, this thesis proposes a framework of risk sources that may trigger disruptions and losses
during production transfers. The risk sources in the framework are related to the transfer
object, the receiver, the relation between the sender and the receiver and the profit impact.
The framework should support the risk identification process during production transfers. A
risk management team with members from both transfer parties, preferably with previous
transfer experience, should identify potential risk sources during the transfer (by help of the
framework), the disruptions that these risk sources may trigger and potential losses. In other
words, they should address the question ‘What can go wrong during the production trans-
fer?’. Thereafter, the team should assess the risk level of the potential disruptions that they
identified, based on estimations of the likelihood of each disruption and its negative impact
on performance. This research indicates how the risk identification and assessment can be
conducted, by applying the framework on an offshoring case. Note that the risk framework
is introduced in Paper 2 and further developed in Paper 4 (about relationships between pro-
duction transfer management and production transfer success), resulting in the risk source-
categories presented in Figure 11. Moreover, this research also provides frameworks of po-
tential disruptions and losses that can be used during the risk identification and assessment.
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Second, after the risk identification and assessment, the risk management team should im-
plement actions aimed at mitigating the risk of those disruptions that they assessed as having
an unacceptable risk level. To this end, the PhD research proposes a framework of facilitators
of efficient production transfers during each of the production transfer phases, that is, prep-
aration, execution, and start-up. Risk mitigation strategies during production transfers in-
clude removing the risk source, implementing preventive actions to reduce the likelihood of
disruptions, implementing corrective actions to reduce the losses caused by disruptions that
could not be avoided, accepting the risk and sharing the risk. This research indicates how
the facilitators of efficient production transfers can act as preventive actions, by applying the
facilitators’ framework in two outsourcing cases. In addition, the research also presents a
framework of potential corrective actions along with examples from an electronics-transfer
from Norway to Spain, part of an offshoring project that was studied over a two-year period.
Finally, before implementing the mitigation actions, the risk management team can conduct
a cost-benefit analysis with help from the factors related to the profit impact (see Paper 2
regarding the risk sources framework). For instance, if the risk level is high, it is worth mak-
ing large investments in, for example, expensive training, provided the profit impact is also
high. Finally, the research also provides a set of lessons drawn from the two-year offshoring
study, which should be considered at the beginning of a production transfer.

Third, the PhD research focused on providing a detailed and validated procedure for the
transfer preparation phase, as most of the abovementioned preventive actions will be im-
plemented during this phase. The procedure was validated by implementing it during the
transfer of electronics from Norway to Spain, and by iteratively refining it with the sender
and receiver. Thus, the proposed procedure is based on both transfer parties’ perspectives.
To this end, I organised nineteen workshops with the transfer personnel. Moreover, at the
end of the refinement process, I conducted an evaluation of the users’ experience with the
procedure. Key informants from both transfer parties reported that the transfer procedure
and its implementation with the help of an action plan (see the action plan example in Table
6, Subchapter 3.3.1) were useful, and had a positive impact on the efficiency of the transfer.
The sender’s informants reported that the start-up phase had been shorter, and the on-time
delivery and the percentage of quality nonconformances during the start-up had been better
than during earlier transfers. The transfer procedure ensured that important preventive ac-
tions were implemented, reducing the amount of disruptions. The receiver’s informants re-
ported that the tempo of the transfer was considerably faster, and the sender’s assistance was
more substantial and timelier than during another transfer that they were conducting without
applying the procedure. Finally, the procedure was validated by transfer practitioners outside
the main case company, who applied it to transfers of food, maritime technology and aircraft
production, with which they had worked. Despite differences between the transfer examples,
each practitioner evaluated 94.62% of the actions as relevant.

The procedure should aid the senders and receivers when preparing the transfer action plan
and should support transfer risk mitigation. Apart from an example of a transfer action plan,
the research provides a model that can be used to introduce the production transfer process
(depicted as a house in Figure 11). This model should foster a common understanding among
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the sender and receiver’s personnel of the main types of preventive actions and the relation-
ship between them, and is one of the results of the two-year study. For instance, the frame-
work can be used to emphasise that the organisation and project management and quality
management actions are fundamental for the success of a production transfer. Even though
they might not be regarded as indispensable for the ability to produce during the start-up
phase, they facilitate the execution of those actions that are considered as indispensable.
Thus, the transfer parties should make sure to allocate sufficient resources to all the catego-
ries of preventive actions. For instance, an electronic repository that contains all the neces-
sary transfer documentation and is rigorously used by the transfer personnel should be a
minimum requirement for a smooth transfer of administrative systems. This can significantly
mitigate the risk of schedule disruptions and of needless costs caused by, for example, late
or missing documentation. Finally, the research presents how the production transfer proce-
dure can be integrated into one of the possible relocation processes, the production outsourc-
ing.
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6. Conclusion

This chapter marks the end of this dissertation by presenting a summary of the main results
and concluding remarks. Finally, the limitations of the research are highlighted, and intri-
guing avenues of future research are proposed.

6.1. Summary and Concluding Remarks

The purpose of this research has been to investigate how production transfer processes can
be conducted in order to mitigate the transfer risk, and to develop a procedure for efficient
production transfers. The research strategy has been design science, a strategy that is recom-
mended both for the development of procedures with enhanced practical relevance and for
the development of theory. As design science is a multi-method strategy, this research com-
bined systematic literature reviews, production transfer studies, a longitudinal field study
and action research. The main production transfer in the longitudinal field study is a transfer
of electronics from a Norwegian producer to their subsidiary in Spain. The production trans-
fer procedure was implemented during this ongoing transfer, and iteratively refined and val-
idated together with both transfer parties, over a two-year period. Moreover, I organised an
international workshop to validate the applicability of the procedure for other types of in-
dustries. Three practitioners reviewed and confirmed the applicability of the procedure for
three transfers with which they had worked. In total, I studied eight transfers, including five
transfers of electronics at the Norwegian electronics producer, one transfer of food produc-
tion, one of maritime technology and one of aircraft production.

The main theoretical contributions of the research include an increased knowledge of poten-
tial transfer risk sources, as well as an increased knowledge of facilitators of efficient pro-
duction transfer processes. Moreover, the research provides a thoroughly validated proce-
dure that supports transfer risk mitigation and facilitates efficient management of the transfer
process, from initialisation to full-scale and stable production. These contributions are posi-
tioned within the field of operations management of multisite production networks.

In response to the first research question—*‘What are the potential risk sources when trans-
ferring production?’—this thesis proposes a framework of transfer risk sources. This frame-
work includes a set of 46 literature-based risk sources, which alone or in combination with
other risk sources have the intrinsic potential to give rise to disruptions during production
transfers. The transfer risk sources are divided into the following categories: (i) transfer ob-
Jject (e.g. the risk that the tacit knowledge about the production activities that are transferred
is difficult to codify and document), (ii) receiver (e.g. the risk of high employee-turnover
rate), (iii) sender-receiver relationship (e.g. the risk when the bargaining powers of the
sender and receiver are unbalanced) and (iv) the transfer’s impact on the business profit (e.g.
the risk when the volume of goods that will be produced by the receiver is low compared to
their remaining portfolio). This framework can be applied during the risk identification pro-
cess. During the risk identification, a risk management team with members from both
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transfer parties should identify potential transfer risk sources, the disruptions that these risk
sources may trigger and potential losses. This research indicates how the risk identification
can be conducted by applying the framework in a production transfer during an offshoring
project. Thereafter, the team should assess the risk level of the potential disruptions that they
identified, based on estimations of the likelihood of each disruption and its negative impact
on transfer performance. This research also provides an overview of potential disruptions
and losses, and examples of disruption scenarios from the longitudinal field study, which the
team can use during the risk identification and assessment.

In response to the second research question—'What are the facilitators of efficient produc-
tion transfers?’—this research proposes a framework of facilitators of efficient production
transfers. The framework includes a set of 40 facilitators that are divided into the three main
transfer phases: (i) preparation (e.g. the receiver should review the documentation from the
sender to identify any missing information), (ii) execution (e.g. the sender should temporar-
ily transfer experienced production personnel to the receiver to facilitate the transfer of tacit
knowledge) and (iii) start-up (e.g. the sender should transfer the production stepwise in order
to enable the receiver to increase the production volumes incrementally). Moreover, the
framework includes facilitators of efficient relationship management throughout the transfer
(e.g. the sender and receiver should hold regular status meetings). This framework can be
applied during the risk mitigation process. During this process, the risk management team
should identify actions aimed at mitigating the risk of those disruptions that they assessed as
having an unacceptable risk level. Risk mitigation strategies include implementing preven-
tive actions to reduce the likelihood of disruptions and implementing corrective actions to
reduce the negative consequences of those disruptions that could not be avoided. This re-
search indicates how the facilitators of efficient production transfers can act as preventive
actions by applying the framework in two transfers during outsourcing projects. In addition,
the research also provides an overview of potential corrective actions and a set of lessons
learned that should also be considered during risk mitigation, based on the longitudinal field
study (e.g. “The more significant the changes applied to the transferred production, the
higher the risk level and the longer the transfer process.’).

In response to the third research question—*What are the main actions in a production trans-
fer procedure that aids transfer risk mitigation?’—the PhD research primarily provides a
detailed and thoroughly validated procedure for the preparation phase that includes preven-
tive actions. This procedure is based on the framework of facilitators of efficient production
transfers, which was implemented during the ongoing electronics transfer from Norway to
Spain, and iteratively refined with the transfer parties. This research focused on the prepara-
tion phase, as the actions implemented during this phase have a high potential to prevent the
occurrence of disruptions and losses during the execution and start-up phases. At the end of
the ongoing transfer, I conducted a user experience evaluation. The sender and receiver con-
firmed that the procedure had a positive impact on the efficiency of the transfer. The amount
of disruptions was reduced, the start-up time was shorter, and both the on-time delivery and
the product quality were better compared to earlier transfers. In addition, the practitioners at
the international workshop that I organised confirmed that the procedure was useful for
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production transfers within other types of industries. The procedure includes 37 preventive
actions that were refined with the transfer parties. The preventive actions are divided into
the following categories: (i) organisation and project management (e.g. the transfer parties
agree on transfer performance indicators and their continuous monitoring), (ii) sourcing (e.g.
the transfer parties verify transportation requirements such as customs requirements and
trade agreements that are applicable when delivering goods from the receiver vs. the sender),
(iil) quality management (e.g. the sender evaluates the receiver’s readiness with regards to
facilities, equipment and support services), (iv) process technology (e.g. the receiver pilots
and validates any design change on the process technology to identify any necessary adap-
tations), (v) test (e.g. the sender sends personnel to the receiver to perform training on testing
methods), (vi) production (e.g. the sender verifies the knowledge transfer at the receiver, for
instance by checking the transfer documentation and testing the personnel), (vii) plan for
ERP set-up (e.g. the transfer parties update the bill of materials, inventory policies, capaci-
ties, etc., in their ERP systems) and (viii) HSE (e.g. the sender provides to the receiver HSE
information about the transferred production activities, such as material safety data sheets,
and information about risk mitigation actions and waste management). The procedure should
aid the transfer parties during the risk mitigation process and when preparing the transfer
action plan.

Based on the cases studied during the PhD research, examples of transfers when these con-
tributions should be particularly important include (transfers) when the receiver is located
far away from the sender, when the sender applies design changes to the products that are
planned for transfer, when the transferred production activities involve a great amount of
tacit knowledge, when the receiver has little experience with the transferred production ac-
tivities, and when the receiver replaces the sender’s sub-supplier with local subsuppliers.
These types of transfers can lead to disruptions such as supply disruptions (e.g. material
shortages and significant schedule disruptions), operational disruptions (e.g. quality noncon-
formances) and eventually significant material losses (e.g., scrap and excessive inventory).
These contributions will aid practitioners at both senders and receivers to manage such situ-
ations, and production transfers in general, in a better way. Thus, this research can facilitate
efficient production transfers during relocation processes such as offshoring and outsourc-
ing.

6.2. Research Limitations

The production transfer procedure was implemented during a production transfer from the
Electronics industry, which I studied in-depth for over two years (2016-2018). However,
each production transfer is different; hence one of the main limitations of this research is
that the procedure was implemented during only one production transfer, which restricts the
extent to which the findings can be applied to settings other than the case. The findings from
longitudinal studies cannot be generalised in the statistical sense. However, this is not the
aim (Spencer and Dale, 1979). The ability to generalise rather depends on the quality of the
corroboration process, and, particularly, on how well the collected empirical and theoretical
evidence supports the findings (ibid.). The general value of the findings will increase if they
can be supported by observations from existing theory and/or from other cases (Karlsson,
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2009, Holmstrom et al., 2009). The research findings were systematically compared with the
earlier research on the topic of production relocation, and significant similarities and differ-
ences were highlighted. In addition, as recommended by Holmstrom (in Kaipia et al., 2017),
the co-authors and I paid attention to describing the design science research process and the
results in a detailed manner, in order to support the researchers and practitioners who want
to (further) validate or use the transfer preparation procedure in Paper 5, as well as the frame-
works from Papers 2, 3, 4 and 6. Moreover, apart from the production transfer that was
studied longitudinally, the sender at the main case company had conducted nineteen other
production transfers, and on numerous occasions, the informants compared happenings dur-
ing the longitudinal study with other production transfers with which they had worked, hence
providing rich and interesting empirical evidence. Papers 1, 3, 4, 5 and 6 address four of
these production transfers. These transfers include two outsourcing processes to a domestic
electronics supplier in Norway with broad experience with the transferred production, and
two offshoring processes to the same subsidiary in Spain as in the longitudinal study. The
offshoring processes involved one completed transfer of a relatively simple sub-assembly
and one ongoing transfer of an end-of-life product. In addition, during an international work-
shop, transfer practitioners corroborated that the production transfer procedure was relevant
for different types of manufacturing industries and production relocations. For instance, the
procedure can be useful for both offshoring and outsourcing projects, and for the transfer of
both simple and complex production activities. However, this thesis only presents the results
from the evaluation of the procedure for the preparation phase of a production transfer (see
Subchapter 3.3).

Furthermore, the external validation of the transfer preparation procedure by only three prac-
titioners outside the main case company can be also regarded as a limitation. A large survey
study could have been conducted with transfer practitioners from different companies for a
more extensive external validation and for the development of a formal representation of the
procedure (as recommended by Holmstrom et al., 2009). Finally, the effects of the produc-
tion transfer procedure on the transfer performance were only evaluated through a question-
naire and interviews of key transfer personnel, during a user experience evaluation and
throughout the transfer. A set of performance indicators could have been continuously mon-
itored along the entire production transfer, and compared to a reference level, for example,
the performance during a similar production transfer.

6.3. Future Research

Future research can continue to investigate how production transfer processes should be
conducted in order to mitigate the transfer risk and facilitate successful production reloca-
tions. Companies are expected to continue to relocate production in the future due to the
increasingly shifting global conditions regarding access to advanced technology, skills, low
production cost and markets in light of growing environmental requirements (Dachs et al.,
2019, ManuFuture-EU, 2019, Heikkild et al., 2017, De Backer and Flaig, 2017). Moreover,
the digital transformation trend plays a central role in the future of production relocations.

Innovative communication and monitoring technologies facilitate the management of glob-
ally distributed activities within production networks.
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(De Backer and Flaig, 2017, ManuFuture-EU, 2019)

This PhD research contributes to an increased knowledge of potential transfer risk sources,
and of facilitators of efficient production transfers. Moreover, it provides a thoroughly vali-
dated and detailed transfer preparation procedure. The transfer procedure had a positive im-
pact on the efficiency of the production transfer during which it was implemented and was
validated as relevant for different types of transfers. I argue that this should motivate a series
of studies of intriguing research areas in the future.

First, I have primarily conducted this research in the electronics industry. Future research
should implement and further validate the transfer preparation procedure, and the proposed
frameworks (i.e. the frameworks of transfer risk sources, disruptions, losses, preventive and
corrective actions and the framework of facilitators of efficient production transfers for the
execution and start-up phases), in other production contexts. The researchers can for instance
explore whether certain types of preventive actions in the transfer preparation procedure are
more relevant during transfers with high risk level and/or high profit impact than during
production transfers with low risk level and/or low profit impact. Moreover, the transfer
procedure can be implemented during outsourcing, offshore-outsourcing and reshoring pro-
jects, as well as in special cases such as when the sender’s facility is to be closed down.

Second, the ‘lessons learned’ from Paper 4 also merit further investigation during different
production transfers. For instance, future studies could investigate to what extent cross-lo-
cational project management is a facilitator of efficient production transfers. Another inter-
esting question is whether adapting the transferred product/processes to the receiver’s pro-
duction environment is a facilitator or an inhibitor of efficient transfers.

Third, a large survey can be conducted with production transfer practitioners from various
companies, who should further validate the relevance of the transfer preparation procedure
and of the proposed frameworks.

Fourth, the benefits of advanced process simulation technologies should be investigated
(e.g., Tao et al., 2018, Leng et al., 2019), as they provide opportunities for modelling, dy-
namically simulating and monitoring in real-time the impact of the production transfer on
the production environment at the sender and the receiver.

Finally, I contend that the topic of pandemic and epidemic risk management prior, during
and after production transfers is an extremely intriguing avenue for future research. Potential
disruptions that can be addressed include supply shortages and price escalations, transporta-
tion disruptions, work force absenteeism, supplier and sub-supplier bankruptcy, schedule
disruptions, ICT system disruptions and cyber-attacks.
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Abstract

To remain competitive, Norwegian suppliers to the maritime industry need to improve the efficiency
of their supply chains and production systems without compromising their products’ high perfor-
mance. To free capacity for product innovation and reduce their cost of production, companies may
transfer parts of their production to strategic suppliers in their supply chains. However, many busi-
nesses do not carry out such transfer processes in a systematic manner owing to a lack of models and
tools supporting them in the process. In this paper, insights into a case study are presented for two
production transfer processes between a Norwegian supplier of advanced maritime monitoring sys-
tems and one of its strategic suppliers. A set of preliminary guidelines for carrying out production
transfer processes is proposed based on the case study. The paper is the first step toward developing
a model for systematic production transfer processes.

Keywords: Transfer of production, ramp-up, operations strategy, supply chain collaboration, guide-
lines, case study.

1. Introduction

Manufacturing of innovative and technologically advanced products is an area where, tradi-
tionally, Norway has been competitive, with a potential for growth. Through access to
knowledge and focus on research, development, quality, and performance, Norwegian sup-
pliers to the maritime industry have positioned themselves as leaders within the premium
segments of their markets. Here, customers have been willing to pay a higher price than in
the volume segments, where competitors in low-cost countries, traditionally, have domi-
nated with less expensive products that have a lower performance. However, in recent years,
competitors in low-cost countries have increased their product performance while keeping
their costs lower. Consequently, Norwegian suppliers have been forced to lower their mar-
gins to remain attractive to their customers. This is not a sustainable solution. To secure the
competitiveness of Norwegian suppliers of high-tech, knowledge-intensive products to the
maritime industry, there is a need to improve the efficiency of their supply chains and pro-
duction systems without sacrificing their high product performance.



Many Western companies choose to transfer parts of their production to suppliers to increase
their competitiveness. This approach has many stated benefits, such as lower factor costs
and access to new materials, distribution channels, and technologies; however, it is associ-
ated with substantial risk, and may lead to increased costs and loss of business if it is not
carried out carefully and in a systematic manner (Kinkel and Maloca, 2009). Yet, there is a
lack of established frameworks focusing on rapid and reliable production transfers.

In this paper, insights into a case study are presented for two production transfer processes
between a Norwegian supplier of advanced maritime monitoring systems and one of its stra-
tegic suppliers within electronic manufacturing service (EMS). A set of preliminary guide-
lines for carrying out such transfer processes is proposed based on the case study. The pur-
pose of the research is to help better understand production transfer processes, and the paper
is a first step toward developing a model for systematic transfer processes.

2. Research method

When research is of an exploratory nature, and contemporary events are investigated without
being able to manipulate behavioral events, case studies are a preferred research method
(Yin, 2013). For this particular activity, where production transfer processes of a Norwegian
supplier to the maritime industry are explored, the researchers were not able to manipulate
any behavior — at least in the short term. Therefore, an instrumental case study approach is
adopted. This approach provides insight into a particular issue and can be used to redraw
generalizations or build theory (Stake, 2013). The case study has been designed as a single
case study as access to adequate empirical data was limited to production transfers within
one supplier-buyer relation. However, two transfer processes were followed as this gave
multiple sources of evidence and enabled pattern matching, and thereby increased both con-
struct and internal validity (Yin, 2013). The empirical data has been collected through work-
shops, semi structured interviews, and meetings with key representatives of the case compa-
nies, e.g. quality managers, product developers, key account managers, and process engi-
neers.

3. Theoretical background

In this section, key concepts for the topic are defined and a brief overview of earlier studies
is provided. Typical challenges for a production transfer process are highlighted.

Production transfer is hereby understood as the preparation, transfer, and start of relocated
production, i.e. the relocation of the production of products and components from a sender
(the buying company) to a receiver (a supplier). It comprises several types of transfer: trans-
fer of knowledge, physical equipment, administrative systems, and transfer of relationships
to different supply chain actors (Fredriksson and Winstrom, 2014). The start-up phase, also
known as ramp-up phase, lasts until a full-scale production is reached — at targeted levels of
cost and quality. It succeeds the process engineering and pilot production phases (Terwiesch
et al., 1999). Moreover, the production may be transferred to domestic (nearshore) or
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offshore suppliers, internally or externally owned (Monczka et al., 2005, Schniederjans et
al., 2005).

Sourcing processes are not exempt from challenges, and to benefit from production transfers,
one needs to reduce or cope with various types of risks, such as the inability to meet demand
on time, the loss of intellectual property, or an increase in transaction costs. Thus, it is im-
portant to identify and implement measures to reduce risk level as much as possible (Chopra
and Meindl, 2010). Two challenges emphasized by the literature and specific for the ramp-
up phase are unforeseeable capacity and quality losses, which are likely to lead to delays and
increased costs (Almgren, 1999). Their occurrence and frequency depend on factors like the
sourcing experience of the supplier and the buyer; the size and pace of the transfer process;
the amount of tacit knowledge to be transferred; the degree of adaptation of the production
process or the product to the new context; the degree of technological complexity and ma-
turity; and second-tier suppliers (Fredriksson, 2011).

Several studies about supplier relationships for the manufacturing of high-tech and core
products highlight the advantages of a partnership model with strategic suppliers character-
ized by effective information sharing, close collaboration, and long-term commitments (e.g.
Bensaou, 1999, Hadeler and Evans, 1994). Moreover, the early involvement of suppliers in
the product development process is an increasing trend owing to several benefits seen with
such a collaboration, i.e. improved product quality, improved manufacturability and logis-
tics, shorter time-to-market and ramp-ups, reduced costs, and experience transfer (Chopra
and Meindl, 2010). However, in spite of a diverse literature about the advantages of early
supplier involvement and close collaboration with strategic suppliers, there is a lack of es-
tablished frameworks focusing on rapid and reliable production transfers and ramp-ups
through effective cooperation and information exchange in high-tech supply chains.

4. Case study

The case study describes key takeaways from two production transfer processes between a
Norwegian supplier of advanced maritime monitoring systems (Buyer) and one of its strate-
gic EMS suppliers (Supplier). First, the two products under consideration are introduced.
Here Products A and B represent a mature and ongoing transfer, respectively. Thereafter,
insights from the transfer processes are condensed into a set of preliminary guidelines for
carrying out such transfer processes.

4.1. Introduction to the products

4.1.1. Product A
The production of Product A was the first to be transferred from the Buyer to the Supplier.
The product somewhat differs from the Buyer's other products in that it is cheaper, less com-
plex and produced in higher volumes (tens of thousands). All products are sold to one sole
customer, which uses Product A to offer a monitoring service to which other companies can
subscribe. The products operate in exposed areas, and often need to be replaced. This creates
a yearly demand for Product A.



The product consists of a sensor, casing and of electronics. The assembly process consists
of soldering the sensor and electronics together and molding it into the casing. Subsequently,
the product is tested. For several years, the Buyer purchased the casing and electronics from
two suppliers and assembled the products. However, two years ago, the Buyer approached
the Supplier with an invitation to tender for the assembly of Product A. Currently, the Sup-
plier receives sensors from the Buyer and casing and electronics from two other suppliers,
and carries out the assembly and testing of Product A. All products are delivered to the
Buyer, which still maintains communication with the customer of the product.

4.1.2. Product B

The production of Product B is currently being transferred from the Buyer to the Supplier.
Product B, a signal converter used in combination with a range of the Buyer’s other sensor
products, replaces a previous product version with similar characteristics. It consists of a
cabinet with different electronics, such as power supply, wiring, and circuit boards. For the
previous version of the product, cabinets were produced by one supplier, shipped to another
for installation of power supply and wiring, and then shipped to the Buyer, which installed
circuit boards from the Supplier and tested the product. However, for Product B, the Supplier
will become more integrated in the supply chain. It will receive cabinets from the cabinet
producer (and eventually a subsidiary of the Buyer located in a low-cost country) and install
all electronics including self-produced circuit boards before shipping the product to the
Buyer. For the time being, testing will still be carried out by the Buyer.

4.2. The transfer process

In this section insights into the transfer processes are presented in the form of general re-
quirements pertinent to the production transfer process.

First of all, there is a need to involve relevant actors from both companies early in the pro-
cess. For the transfer of Product A, the purpose of the transfer was unclear to key personnel
in the department that owned the product. It was rumored that it was a cost-saving measure,
when the main driver was, in fact, the high volume and low complexity of the production
not being consistent with the Buyer’s core competence. Further, key personnel did not feel
involved in the decision to transfer production. In fact, they saw the need to intervene in the
transfer process two times to secure deliveries to the customer. Both the Buyer and the Sup-
plier agreed that the transfer process should be marked by a formal kick-off.

Second, a communications structure needs to be established. This includes defining contact
points at both the buyer’s and the supplier’s ends and agreeing on how relevant matters
should be communicated. During the transfer of Product B, the Supplier had appreciated the
fact that the contact person at the Buyer’s end was same throughout the process. At the same
time, the contact person at the Buyer’s end felt that it had been challenging to know who to
contact at the Supplier’s end. She had also experienced that two contacts at the Supplier’s
end had different revisions of the bill-of-materials (BOM). According to the Buyer, their
personnel quickly embarked on other projects after a transfer. Generally, it is important that
a supplier has a contact point at the buyer’s end even after the transfer, and vice versa.



Next, the parties should be conscious of risk handling. Early in the process of transferring
Product B, the Supplier was asked to secure necessary material from second-tier suppliers
without any formal agreements being put in place. Due to changes in the BOM, some of this
material had become obsolete. The economic consequences for the parties were still not set-
tled. Further, beyond what was indicated in the invitation to tender, no formal agreements
regarding, e.g., future volumes existed. This posed a risk to the Supplier, which had invested
in its processes based on the transfer.

The case study identified transfer of equipment from the Buyer to the Supplier as another
area that should be taken into careful consideration. For the transfer of Product A, it was
initially decided that all test equipment would be moved from the Buyer to the Supplier
instead of duplicating the equipment. This was one of the decisions that the department that
owned the product challenged. It envisaged that the Buyer would be unable to run spot
checks, thereby losing control over the quality of its outgoing deliveries. Some of the Sup-
plier’s current test equipment had been duplicated and borrowed from the Buyer, whereas
some were owned by the Supplier. This equipment was identical to the Buyer’s other test
equipment.

Next, the ramp-up needs further attention. For the transfer of Product A, the original plan
was that the Buyer would produce the product up until Easter and the Supplier would pro-
duce everything subsequently. Both the Buyer and Supplier currently agree that this is not
realistic; it is impossible to transfer years of competence “overnight”. For Product B, some
issues regarding product design that should have been sorted out during the pilot production
phase were identified in the production phase. As such, some type of stage gate should be
put in place between the pilot production and the production phase. Further, the buyer should
maintain some production capacity to secure the supply chain’s ability to deliver during a
ramp-up.

Throughout the transfer process, many alterations take place that necessitate a consciousness
toward change handling. This applies both between the buyer and the supplier and internally
in the two companies. For the transfer of Product A, the Supplier came up with many sug-
gestions for improvements in the production process, some of which were accepted, whereas
some were dismissed by the Buyer. In the latter case, the Supplier felt that it had often been
short of an explanation. For Product B, the Buyer experienced challenges with its own prod-
uct life-cycle management system with respect to how changes should be registered. In any
case, the current version data should be kept in one file, which is updated and validated at
all times.

As described previously, the purpose of the production transfer needs to be clearly defined
and communicated to relevant actors. The buyer should follow up on the attainment of these
objectives. For product A, the department owning the product still has no clear overview of
the economic consequences of the transfer. If perceived benefits are not realized, the buyer
should consider to either transfer the production back or transfer it to another supplier.

During the research, the Buyer revealed that it was considering updating Product A to a new
version. The Supplier had made a plan to further improve Product A’s production process.
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Many of these suggestions, including possible investments, will be futile if a new product
version is launched. Hence, the supplier should, in some way, be kept updated about the
Sfuture prospect of the product it produces. In the same way, the supplier should inform the
buyer about relevant information concerning product components, such as last buy notifica-
tions from second-tier suppliers that may trigger product alterations.

A transfer of production may also trigger new business opportunities for the supplier. For
Product B, the Buyer included the development of an assembly procedure in the order. Ac-
cording to the Buyer, the Supplier also had competence within test development that it could
sell in conjunction with production transfers.

5. Conclusion

In this paper, insights into a case study are presented for two production transfer processes
between a Norwegian supplier of advanced maritime monitoring systems and one of its stra-
tegic EMS suppliers. A set of preliminary guidelines for carrying out such transfer processes
is proposed based on the case study. These are summarized in Table 1.

The purpose of the research is to help better understand production transfer processes, and
the paper is a first step toward developing a model for systematic transfer processes. Such a
model would help managers carry out such processes either from their own facilities to a
supplier or from an existing supplier to another. A systematic approach is likely to reduce
costs associated with such transfers.

Table 1: Guidelines for production transfer processes.

Requirement Description

Involvement Early in the transfer process, relevant actors need to be in-
formed about its purpose and be involved in making decisions,
which strongly influences the company’s ability to deliver. The
transfer process should be marked by a formal kick-off.

Communications struc-  Contact points and modes of information sharing should be de-

ture fined for the entire transfer process and the subsequent period
to follow.

Risk handling Both the buyer and the supplier should carry out risk assess-
ments

prior to the transfer process. Formal agreements need to be put
in place where appropriate, e.g. for securing material and future
deliveries.

Transfer of equipment  The timing and nature of the transfer (e.g., copy exactly) of
equipment need to be decided.

Ramp-up The transition from the pilot production phase to the maximum
capacity production phase needs to be carefully planned with
respect to, e.g., whether the product is ready for ramp-up and
how any overlap in capacity should be organized.

Change handling Suggestions for a change should be treated in a systematic man-
ner, with decisions being supported by factual explanations and
systems keeping track of valid documentation at all times.




Requirement

Description

Goal attainment

Effects of the transfer need to be measured and followed up. If
perceived effects are not realized, this could trigger a transfer
of production back to the buyer or to another supplier.

Future prospect

A supplier should be kept informed about the future prospect
of the product it produces so that unnecessary investments and
improvements are not made. At the same time, the supplier
should keep the buyer informed about information that may
trigger product alterations, such as last buy on key compo-
nents.

New business opportu-
nities

A transfer of production may trigger new business opportuni-
ties. The parties should consider what tasks are to be performed
in connection with the production transfer.
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Abstract

Many companies transfer production between them as part of relocation processes such as offshoring
and outsourcing. Such production transfers (PT) are often associated with the risk of not achieving
the expected performance results. Thus, many scholars and practitioners have acknowledged the im-
portance of a thorough PT planning, based on risk management principles. One major principle is the
assessment of PT risk in early stages of the process, in order to identify risk factors, analyze potential
risk scenarios generated by the factors, implement risk-mitigation actions and improve PT perfor-
mance. While several scholars have recommended conducting assessments early in the transfer pro-
cess, which through the risk management lens, can be regarded as variants of risk assessment, there
has not been published any recent review of the extant research on the risk assessment early in the PT
process. Thereby, the main objectives of this paper are to identify and classify potential risk factors
in the extant research, propose an assessment tool and test its utility on a longitudinal PT case. The
paper also provides suggestions of how to apply the proposed tool to evaluate the requirements for
resource intensive activities between the PT parties.

Keywords: Production Relocation, Supply Chain Risk Management, Performance Management,
Offshoring, Outsourcing.

1. Introduction

Many companies carry out production transfers (PTs) as part of relocation processes such as
offshoring or outsourcing (Fredriksson and Wénstrom, 2014). In line with (Fredriksson,
2011), a PT can be defined as the relocation of the manufacturing of products and compo-
nents between a sender (original manufacturer) and a receiver. Further, it can be divided into
three main phases: (i) ‘PT preparation’, (ii) the ‘PT execution’ mainly consisting of the
physical transfer of production equipment and inventories, and (iii) the production ‘start-up’
at receiver. A PT is usually considered successful if a stable production is achieved at the
expected performance objectives (e.g., cost and yield), in the start-up (Terwiesch et al., 2001,
Almgren, 1999). The PT can be regarded as the final stage in a production relocation process,
being usually preceded by the decision whether to relocate production or not, and the selec-
tion of suitable sourcing items, locations and suppliers (Momme and Hvolby, 2002). All the



new risk factors introduced when transferring the production to a new production environ-
ment (e.g. a new workforce, production equipment and sub-suppliers) contribute to an in-
creased risk level. For PTs, the ‘risk factors’ can be defined as tangible and intangible ele-
ments which have the intrinsic potential to give rise to supply-disruptions(McCormack et
al., 2008). Although they are a common phenomenon, PTs tend to take much longer time
than companies anticipate (Madsen, 2009). Further, they do not always meet the expected
performance objectives, and can even lead to losses (e.g. financial or intellectual property
(IP) losses)(Chopra and Meindl, 2013). Thus, many scholars and practitioners have acknowl-
edged the importance of thorough PT planning and control, based on risk management prin-
ciples (e.g. (WHO, 2011, Terwiesch et al., 2001)).Two central risk management goals are
the risk assessment and the risk mitigation process. For PTs, the assessment consists of the
following activities: the identification of risk factors, potential supply-disruptions (e.g. a ma-
chine breakdown) generated by these factors and their effect on performance; an analysis to
understand risk scenarios and estimate the level of risk, and an evaluation of whether risk-
mitigation actions should be implemented or not (ISO, 2009). Several scholars (e.g. WHO,
2011, Grant and Gregory, 1997, Stock and Tatikonda, 2000) have recommended conducting
assessments in the early stages of the PT process that, through the risk management lens,
can be regarded as variants of risk assessment. Such assessments indicate potential sources
of disruptions in the material and information flow (i.e. risk factors), and can aid in identi-
fying risk-mitigation actions that should be included in the PT action plan. Nevertheless, to
the authors’ knowledge, there has not been published any recent review of the extant research
on the risk assessment early in the PT process. Thus, the research problem this paper ad-
dresses is ‘What are the risk factors during PTs?’ and the main objectives are to identify and
classify potential PT risk factors in the extant research, and, thereby, propose a risk assess-
ment tool. Moreover, the utility of the proposed tool is tested on a PT case.

2. Research Methodology

The research process has been conducted in two steps. First, we have carried out a literature
review of peer-reviewed journal articles, dissertations, and best practices within the topics
of production-, knowledge-, and technology-transfer, as well as about manufacturing relo-
cations and start-up, supplier assessment and audit, and key risk management publications.
The aim of the review was to identify potential PT risk factors. When synthesizing these
factors into the proposed assessment tool, the most comprehensive frameworks found
(WHO, 2011, Grant and Gregory, 1997, Stock and Tatikonda, 2000) were taken as a starting
point. Second, a case study is used to test the utility of the tool. The case is the PT of elec-
tronics from a Norwegian company to a subsidiary in Spain. Rich empirical data has been
collected during a period of 12 months. The case method was adopted because it allows the
identification of PT risk factors during a real PT case and with a relatively full understanding
of the nature and complexity of the PT process(Karlsson, 2009). The sender had conducted
PTs several times before, including to the receiver. Yet, they were experiencing a series of
challenges during PTs. This made the selected PT an interesting case to study and get a better
understanding of how to identify areas where risk-mitigation actions could be implemented



in order to improve supply performance. Further, the PT project owner and the sender’s PT
Quality & Risk manager applied the tool to the case, 6 months after the PT decision. Both
had rich experience from similar PTs. A semi-structured interview was conducted with the
informants, who jointly analyzed and ranked the impact of the risk factors on the overall risk
level during the case. Responses were cross-referenced with documentation and extensive
field notes.

3. Potential Risk Factors during Production Transfers

Supplier qualification assessments are widespread in the scientific literature. Grant and
Gregory (Grant and Gregory, 1997), pioneers of the PT literature, argue that the PT success
would not be only influenced by factors dependent on receiver but also by those inherent in
the type of production transferred, and best controlled by sender. Thereby, based on (Grant
and Gregory, 1997), we have established the two first categories of literature findings: ‘po-
tential risk factors related to the transfer object’ and ‘to the receiver’ respectively (see
framework in Tablel). These factors have been further divided into five and nine areas re-
spectively. The Risk factors related to the receiver can be encountered in the widespread
supplier qualification assessments. Although these factors do not necessarily affect the se-
lection of the receiver, they might still contribute to an increase in the PT risk level, and
should therefore not be overseen. Moreover, WHO (WHO, 2011) recommends visiting the
receiver early in the transfer process, in order to assess the new production environment at a
more detailed level, and shed light on the capability gaps between the receiver and the
sender. Thus, the ‘production environment’ area was added, and several factors in this area
can be also encountered in Lean audits (i.e. R35, R36, R37 in Table 1).

Next, according to (Terwiesch et al., 2001, Stock and Tatikonda, 2000) the PT outcome will
be also influenced by the physical distance and the relationships within the supply chain.
Thus, a third category was added to our classification, factors related to supplier relations’.
Finally, based on the widely used Kraljic model (Kraljic, 1983), the ‘factors related to the
profit impact’ a sourcing activity has, should be always considered along with the risk fac-
tors. According to (Kraljic, 1983), these factors stand out and have a moderating impact on
the risk level. If the risk level is high, it is worth making high investments in the sourcing,
provided the profit impact is also high. The 4 categories of risk factors are presented in Table
1. The factors have been divided into 18 distinctive areas. (WHO, 2011, Grant and Gregory,
1997, Stock and Tatikonda, 2000) were taken as a starting point for the framework.

4. Case Description and Analysis

The case we have studied is a PT of one acoustic sensor product family from the domestic
production site of a major Norwegian corporate group (Sender) to a financially autonomous
subsidiary in Spain (Receiver). The production was offshored in order to get better access to
the developed customer market and to the material technology expertise at Receiver, as well
as to reduce labor cost and delivery time. Sender was transferring all the production activities



Table 1. Framework for production transfer risk assessment

I. Risk factors related to the transfer object

1. Novelty
R1.Degree of experience sender and receiver have
with  transferring production between them
(Tatikonda and Stock, 2003, Fredriksson et al.,
2014)
R2. Receiver’s experience with similar production
(Tatikonda and Stock, 2003, Fredriksson et al.,
2014)
R3. The similarity of the transfer object produced by
receiver to the object produced by sender (Tatikonda
and Stock, 2003)
R4. The similarity of the transfer object produced by
receiver to other production at receiver (e.g. if re-
ceiver’s equipment can be used) (Fredriksson et al.,
2014)
RS. Production site’s maturity (e.g. greenfield or
brownfield) (Cheng et al., 2010)

2. Complexity
R6. Degree of internal and external modularity (e.g.
the object is part of a larger system) (Tatikonda and
Stock, 2003, Beckman and Rosenfield, 2008)
R7. Amount of elements, configurations and func-
tions the object has (e.g. BOM complexity)
(Tatikonda and Stock, 2003, Beckman and
Rosenfield, 2008)
R8. The size of the product tolerances (Fredriksson
etal., 2014)
R9. Availability of raw materials (Kraljic, 1983)
R10. The extent to which the manufacture of prod-
ucts is complete prior to customer order (Fredriksson
etal., 2014)
R11. Customer demand- and volume-certainty

(Fredriksson et al., 2014)
R12. Facility to protect IP (Grant and Gregory,
1997)

3. Tacitness
R13.The facility to codify (document) the tacit
knowledge about the object (Tatikonda and Stock,
2003, Grant and Gregory, 1997)
R14. The transfer object’s maturity (e.g. with well-
defined processes) (Tatikonda and Stock, 2003,
Grant and Gregory, 1997)
R15. The relevance of the documentation (e.g. up-
dated and representative) (Tatikonda and Stock,
2003, Grant and Gregory, 1997)

4.  Adaptability
R16. Facility to find alternatives when adapting the
production process to receiver’s environment (Grant
and Gregory, 1997)
R17. Facility to pilot and test the adaptations at
sender prior to transfer execution phase (Grant and
Gregory, 1997)
R18. Sender’s capability and willingness to make
adaptations (Grant and Gregory, 1997)

5. Flexibility
R19. The possibility to reserve resources at sender
for necessary tasks during transfer execution and
start-up at receiver (Fredriksson et al., 2014,
Fredriksson et al., 2015)
R20. The possibility to plan the transfer as a gradual
transfer, volumes being only gradually decreased as
outputs at receiver are increased (Fredriksson et al.,
2014, Fredriksson et al., 2015)

1I. Risk factors related to the receiver

6.  Sub-suppliers
R21. The quality, cost, flexibility, service level, re-
liability and proximity of local and international
sub-suppliers (Grant and Gregory, 1997, Chopra
and Meindl, 2013)

7. Transfer market
R22. The appropriateness of receiver’s market for
the transferred production (e.g. if product redesign
is needed to satisfy demand) (Grant and Gregory,
1997)

8.  Infrastructure
R23. The appropriateness of the quality, cost and
availability of local utilities (Grant and Gregory,
1997)
R24. The appropriateness of the space and format
of buildings (Grant and Gregory, 1997)
R25. The appropriateness of tele-communications,
road, rail, shipping and airfreight infrastructure
(Grant and Gregory, 1997, Chopra and Meindl,
2013)

9.  Legal requirements
R26. The appropriateness of import duties

(Grant and Gregory, 1997, Chopra and Meindl,
2013)
R27. The appropriateness of quotas, labor law, gov-
ernment emission regulations, planning permission
regulations, approval and license requirements, and
other legal demands (Grant and Gregory, 1997)

10. Financing
R28. The appropriateness of the cost of capital,
land, inventory, and the foreign exchange require-
ment (Grant and Gregory, 1997)

11. Geographical environment
R29. The appropriateness of the local temperature
range, humidity level, air quality (Grant and
Gregory, 1997) and of geo-risk (e.g. if area is prone
to natural disasters) (Kraljic, 1983)

12. Socio-political environment
R30. The level of governmental stability (Kraljic,
1983)

13. Labour force
R31. Employee’s productivity, educational level,
language homogeneity and turnover (Grant and
Gregory, 1997)




14. Culture
R32. The closeness between job positions (e.g. man-
ager-operator)
R33. Individuals’ willingness to assume responsibil-
ity and the appropriateness of receiver’s approach to
problem solving and quality perception (Grant and
Gregory, 1997)

15. Production environment
R34. Production and packaging rooms, the testing,
production and packaging equipment, inventory
control mechanisms, documentation, the absence of
banned substances, waste management (WHO,
2011) and other HSE aspects (Alfnes and NTNU,

R35. Layout and material flow; efficiency of space
usage; levels of inventory and work-in-progress;
quick changeover; installation and maintenance pro-
tocols; planning and control, value chain infor-
mation sharing and other data systems (e.g. level of
integration between systems); order management;
quality management (e.g. TQM); Visual manage-
ment (Alfnes and NTNU, 2006, WHO, 2011)

R36. Workers’ technical capabilities (e.g., to adapt
the production process to own environment and the
use of leading technology); organizational practices
(e.g., customer focus, housekeeping) (Grant and
Gregory, 1997, Alfnes and NTNU, 2006)

2006) R37. Level of teamwork and worker empowerment

and flexibility (Alfnes and NTNU, 2006)

II1. Risk factors related to supplier relations

16. Distance

R38. Physical proximity between related processes

(e.g. the development and manufacturing units) af-

ter transfer execution (Fredriksson et al., 2014,

Terwiesch et al., 2001)

R39. The relationship closeness between sender

and receiver (Fredriksson et al., 2014, Terwiesch et

al., 2001)

R40. The relationship closeness within the value

chain (e.g. receiver has close sub-suppliers that de
1V. Risk factors related to profit impact

R44. The size of the sourced volume compared to

sender’s and receiver’s other products (Kraljic,

1983, Fredriksson et al., 2014)

R45. The proportion of sender’s total sourcing

liver high quality items) (Alfnes and NTNU, 2006)
R41. The similarity of transfer parties’ perception of
their relation (Oosterhuis et al., 2011)

17. Power balance
R42. Sender’s and receiver’s negotiating power
(Kraljic, 1983)

18. Motivation
R43. Employees’ motivation for transfer, at both lo-
cations (e.g. high when no lay-offs) (Fredriksson et
al., 2014)

cost the sourced items stand for (Kraljic, 1983)
R45. The positive impact of the sourced items on
quality and business growth (Kraljic, 1983)

to Receiver, apart from the acoustic technology, which contained a high IP level. Thus, Re-
ceiver was required to assemble the acoustic technology into housings from vendors, and
mold, assemble, test and deliver final products. The PT decision was taken in spring 16°, the
Preparations started in September and the Start-up is estimated to start in June 17°. Further
empirical findings are presented in Table 1. As explained in Section 2, the Project owner
and Sender’s Quality & risk manager for the PT analyzed and ranked the risk factors accord-
ing to their contribution to increased PT risk level; the assessment was conducted 6 months
after the PT decision. In the table, we have only displayed an average of all the factors’
rankings in each area. Risk-mitigation actions could be implemented for the risk factors (or
areas) in descending priority i.e., first for factors with 3- high contribution to increased risk,
etc.

5. Discussion and Conclusion

In the previous section, we applied a conceptual framework developed from literature on a
PT case. The framework was able to capture all the risk factors that had arisen during the PT
process, suggesting its usefulness as a simple checklist for identifying and evaluating risk
factors. When performing the assessment together with the Project owner and Sender’s
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Table 2. Risk factors in the case (1-low/ 2-medium/ 3-high contribution to increased risk)

Related to the Transfer Object

Novelty: Sender had transferred production several times before, but Receiver had initially
only carried out sale and service operations for Sender and did not have much production
experience. However, they had successfully undertaken production from Sender before (the
assembly of a simple component), and they had been having a good collaboration for 20 years.
Moreover, Receiver had employed a researcher with a PhD in material technology who was
developing a new molding material, a process that could delay the transfer. Most of the ma-
chines had to be purchased and there were certain distinctions between this equipment and the
original one at Sender. In addition, Receiver had bought these expensive machines too early
(more than one year before start-up). Finally, because of increasing production activities, Re-
ceiver also had to buy a facility to move to before start-up, and its layout had to be changed.
The constructors they contracted for the 1% part of the building project submitted a too costly
offer for 2" part, and the process of contracting new ones delayed the start-up with weeks.

3

Complexity: The transferred object consisted of three product groups; each with three rela-
tively simple products that were not part of Sender’s other products. However, their produc-
tion required many machines and tools that had to be either purchased or transferred from
Sender. The demand was relatively certain; there was a good market for these products in
Spain. Further, since it was rather difficult to protect the IP, Sender did not grant Receiver
access to the document handling system, and little documentation had been transferred before
Sender’s representatives visited Receiver and saw that the material development process was
promising. Because of the scarce information and Receiver’s rush to start the production, the
new layout at the purchased facility deviated from what the production required, and had to
be modified after Sender’s visit. Moreover, during one analysis conducted short time after
kick-off, Sender’s employees identified a certain risk of IP loss during the transport of the
acoustic technology to Receiver, but actions were soon implemented to ensure that only qual-
ified logistics suppliers are used.

Tacitness: The transferred products were mature, but the documentation was not completely
updated and a certain amount of tacit knowledge could not be codified. Thus, Receiver’s op-
erators had to travel several times than expected to Sender for hands-on and face-to-face train-
ing provided by Sender’s operator and engineers. This could increase the transfer time.

Adaptability: The production could not be changed and adapted to Receiver’s environment.

Flexibility: Receiver was seeking a rather high transfer pace, because of the unutilized ex-
pensive equipment they had bought. Nonetheless, during the preparations phase, it became
increasingly clear that a gradual transfer was necessary. To cope with the uncertainty, Sender
decided to continue producing for a couple of months, until Receiver achieved a stable pro-
duction. Moreover, since one of the reasons for the transfer was to release resources for inno-
vation (Sender’s core competency), the amount of resources Sender was willing to invest in
the transfer was moderate. Yet, Sender assigned significant resources to travel to Spain and
assist Receiver during transfer execution and start-up.

Related to the Receiver

Sub-suppliers: The subsuppliers’ performance is evaluated as moderate. In addition, during
one workshop, Receiver’s personnel identifies a certain risk that sub-suppliers could unex-
pectedly stop their supply and thereby, it is decided to establish a long-term partnership with
critical vendors and have available secondary sub-suppliers for standard items.

Transfer market: The transfer parties benefited of a good and stable customer demand in
Spain, without having to change the products.

Infrastructure: The infrastructure at the Spanish receiver is evaluated as very good.

Legal requirements: Sender realized during Preparations, that it would be more expensive
to sell products Made in Spain to countries where EU had less favorable trade agreements
than Norway. Nonetheless, Euro was more stable than the currency at their Chinese subsidiary
and it was more advantageous to purchase from sub-suppliers within EU. Further, during one
analysis early in the preparations phase, personnel with experience from previous transfers
stressed the need to ensure comprehensive documentation for the transferred equipment and
inventory, in order to avoid being stopped at the customs office, so several actions were im-
plemented to reduce this risk.

Financing: The cost of capital and land are evaluated as high, whereas the cost of inventory
and the foreign exchange requirement are moderately appropriate.




Geographical environment: The temperatures, humidity, air quality and geo-risk at the | 2
Spanish site are evaluated as moderately appropriate for electronics production.
Sociopolitical environment: The area benefits of high governmental stability.
Labor force: Workers’ productivity and educational level at Receivers are evaluated as high | 2
and respectively moderate. Receiver’s area was known for its material technology expertise
and the labor force turnover was low. Yet, the workers’ English skills were modest and this
could be especially challenging during videoconferences.

Culture: Workers are willing to assume responsibility and have an appropriate quality per- | 1
ception and problem-solving approach. The relational closeness between job positions is mod-
erate.

Production environment: Receiver possessed the ISO 9001: 2008 certification within Qual- | 2
ity management and achieved a good score when Sender conducted a Lean audit at their prem-
ises. Moreover, they were very receptive to new technologies and best practices. Nonetheless,
when Sender’s representatives visited them two months after kick-off, both parties realized
how important it was to implement Sender’s quality management systems and procedures in
the new supply chain (for Change control, FIFO, tracing parts, the reception of sourced items,
and for correct storage). In addition, they agreed on and took the first actions to implement
Sender’s ERP production module at Receiver. Receiver’s personnel had to travel several times
to Norway for training and the process required a trial period at Receiver, which could prolong
the start-up and delay the steady state.

Distance: Sender and Receiver were part of the same corporation, yet the supply agreement | 3
they had was a buyer-supplier contract similar to the ones Sender had with external suppliers.
This generated certain confusion among personnel. Sometimes, Sender’s workers were hesi-
tant to share information, whereas Receiver’s workers expected more openness. The physical
distances between the development and manufacturing of the core technology and the molding
material were small, since the processes were collocated at Sender and respectively, Receiver.
Yet, the fact that the two sites were located far from each other posed some characteristic
challenges to their collaboration (e.g. if they will have to adapt technology to the Spanish
market).

Power balance: The competition between Receiver and other ‘receivers’ that Sender could | 2
have selected is moderate, and the same applies for Sender and their competitors.
Motivation: Some of Sender’s employees were afraid to lose their jobs in the future. 2
Profit impact: The product volume is rather low, compared to Sender’s other products. The | 2
products require a high amount of manual labor and are one of Sender’s most price sensitive.
Thus, Sender hopes to decrease the costs in the future due to the cheaper workforce (1/3 the
cost at Sender) and to improve the products’ robustness due to the new molding material. The
outbound logistics could also decrease due to higher market proximity, but the inbound logis-
tics could increase as long as Sender’s original Norwegian suppliers are used.

—_

R. to Supplier Relations

R. to Profit

Quality & Risk manager, it was revealed that Sender and Receiver had identified some of
the risk factors during the PT, and implemented actions for those on the way. For instance,
as presented in Table 2, during one analysis early in the preparations phase, personnel who
had been retained at the customs office for more than one day because of incomplete docu-
mentation stressed the need to validate the transportation documentation for equipment and
inventory before transfer. Thereby, several actions were taken to avoid this scenario again.
However, the PT parties had also encountered a series of unexpected events during the PT,
which might negatively affect the performance results. For instance, a long time after the
initial PT decision, Sender realized that there would be less favorable trade agreements when
selling Made-in-Spain products to major customers overseas, compared to Made-in-Norway.
The Receiver purchasing capital-intensive equipment more than one year prior to actual use
is another example. If the PT parties had conducted the risk assessment early in the process,
they could have implemented actions and avoided some of the pitfalls encountered.
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Moreover, we propose that the suggested assessment tool could be applied on several occa-
sions, such as when the transfer object is selected (especially the ‘factors related to transfer
object’), when the location and receiver are selected (‘factors related to receiver’), and when
the PT plan is created (the entire list). A team with experienced members from key disci-
plines could jointly analyze possible unwanted events generated by each risk factor and rank
them. Risk-mitigation actions should be considered for the factors in descending priority i.e.,
first for factors with high scores, etc. As (Kraljic, 1983, ISO, 2009) recommend, a cost-
benefit evaluation should be conducted before choosing the actions. Thus, if the risk level is
high, it is worth making high investments in e.g. expensive training, provided the profit im-
pact is also high. Here one should also consider that it is recommended to rather prevent
performance deviations than to correct them (Fredriksson et al., 2014).

To conclude, we argue that the theoretical contribution of this study is the development of a
conceptual framework based on a range of factors identified in literature, which seen through
the risk management lens can be regarded as potential common risk factors in PTs. Moreo-
ver, the framework has been tested on a PT case together with experienced managers. Alt-
hough a single case impedes the generalizability of the framework to other companies and
industries, the empirical data is thoroughly collected during a period of 1 year, and it is
reasonable to expect that part of the findings are applicable to other electronics producers
and offshoring cases. Nonetheless, several types of PT cases should be studied, and the PT
risk assessment framework could be validated through a survey. In this paper, the empirical
data indicates that a structured assessment of risk factors during the early stages of PTs can
aid practitioners in mitigating the PT risk, and thereby improve future performance.
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Abstract

The purpose of this paper is to identify prerequisites for successful production transfers i.e. for achiev-
ing a stable production at the receiver at targeted supply-performance levels. The research findings
consist of a collection of 43 prerequisites identified in the extant literature and structured according
to the main transfer phases. Moreover, the authors present the challenges encountered during two
transfers of electronics production and discuss how those challenges could have been avoided or eas-
ily dealt with if some of the identified prerequisites had been in place. The paper provides a detailed
overview over recommended activities when transferring production. In addition, risk-mitigation
measures are highlighted along the transfer process, and there are suggested methods and tools for
supply-chain risk management. Practitioners can use the collection of prerequisites as a checklist
when preparing the transfer plan. These results represent a first step towards configuring a project
development model for systematic production transfer management.

Keywords: Production transfer. Outsourcing. Operations management. Supply chain risk manage-
ment. Case research

1. Introduction

The transfer of production is common among companies nowadays as part of relocation
processes such as outsourcing and offshoring (Fredriksson and Wénstrom, 2014). Compa-
nies relocate production as the products and the industry matures (Beckman and Rosenfield,
2008), or in order to cope with market trends e.g., decreasing product life cycles, more and
more frequent introductions of novel technologies, and increasing competition from low-
cost countries. For instance, by focusing on innovativeness and quality the Norwegian pro-
ducers of electronics for the maritime industry have positioned themselves as leaders in an
industrial area that has a significant growth potential. On these markets, customers have been
typically willing to pay higher prices in exchange for higher performance. However, in re-
cent times, competitors from low-cost countries have been improving the performance of
their products. Therefore, the Norwegian electronics producers have been urged to stream-
line their supply chains and production systems, yet without compromising their core capa-
bilities (i.e. innovativeness and quality). Hence, in order to achieve an increased cost-



effectiveness and at the same time release more resources for product innovation, one major
Norwegian electronics producer has started to transfer parts of the production to strategic
suppliers in their supply chains. In recent years, they have transferred high demand products
with little intellectual property (IP) to domestic series electronics producers, in order to
achieve better economies of scale. In addition, they have transferred the production of me-
chanical parts to a subsidiary in a low-cost country. Other examples of benefits that compa-
nies pursue when transferring production are, the access to novel technologies not available
internally, lower investments costs, better performance results due to the competition be-
tween suppliers, and access to new distribution channels (Beckman and Rosenfield, 2008).
Nevertheless, achieving these benefits depends on the success of the transfer.

By production transfer (PT) there is hereby meant the relocation of production activities
between two facilities, a sender and a receiver (Fredriksson, 2011). The PT can be divided
into three main phases: (i) the preparation for the transfer, (ii) the transfer execution mainly
consisting of the physical transfer of equipment and inventories (if necessary), and (iii) the
start-up of production at the Receiver (Fredriksson, 2011). Further, in line with (Almgren,
1999, Terwiesch et al., 2001), a PT is typically considered successful if a stable production
is achieved during the scheduled Start-up phase (the steady state) at the expected perfor-
mance outcomes (e.g., cost, volume and yield). The PT can be considered as the third stage
in the production relocation process (e.g. outsourcing and offshoring), succeeding the deci-
sion to relocate or not and the selection of suppliers (Momme and Hvolby, 2002) (see Figure

).

RELOCATION Production Transfer CONTRACT
DECISION PREPARATIONS START-UP TERMINATION
SUPPLIER EXECUTION STEADY STATE

SELECTION

Fig. 1. The production relocation process (adapted after (Momme and Hvolby, 2002,
Fredriksson, 2011))

One major challenge is that PT projects are often associated with an increased risk level in
the supply chain (SC) (Aaboen and Fredriksson, 2015). When companies transfer production
from one environment to another, a series of new risk sources are introduced (e.g., new
equipment, or new sub-suppliers). These risk sources may lead to SC disruptions (e.g., ma-
chine breakdowns or defective components), performance deviations and eventually, to sig-
nificant losses (McCormack et al., 2008). Examples of losses during PTs are the inability to
meet the demand on time, the loss of IP, excessive transaction costs, and even a reduction in
brand value and the loss of business (Kinkel and Maloca, 2009, Chopra and Meindl, 2013,
Vikram, 2013). Therefore, many scholars and practitioners have acknowledged the im-
portance of SC risk management (SCRM) during PTs (e.g. (WHO, 2011, Fredriksson et al.,
2014, Malm, 2013)).

Next, although several frameworks for systematic production relocation exist, many of them
focus solely on the decision to relocate or not (Tibor et al., 2006), by e.g. discussing possible



relocation benefits and risks (literature review by (Fredriksson, 2011)). Moreover, most of
these frameworks end before the physical transfer of equipment and inventory (literature
review by (Fredriksson, 2011)). Relocation frameworks addressing the PT process either
provide only a coarse overview over PT activities (e.g., (Momme and Hvolby,
2002),(Madsen, 2009) and (Zeng, 2003)), or they only focus on certain There is a lack of
knowledge about the PT management in different production industries, and in particular,
about the systematic activities (including SCRM activities) that are important for the success
of PTs.

The question that arises based on the described research context is, ‘What are the prerequi-
sites for successful PTs? . The research will focus on this topic from an Operations Manage-
ment and SCRM point of view. The research results represent a first step towards developing
a project development model for systematic PT management.

1.1. Research Methodology

The research process has been conducted in two steps. First, there was carried out a system-
atic literature review of peer-reviewed journal articles, dissertations, and best practices
within production-, knowledge-, and technology-transfers in manufacturing industries, as
well as about outsourcing, production start-up, ramp-up, and key publications within the
area of SCRM. The aim of the literature study was to identify potential prerequisites for
successful PTs. When structuring these measures, the most comprehensive frameworks and
guidelines found in the literature were taken as a starting point (WHO, 2011, Fredriksson et
al., 2015, Madsen, 2009). Second, in order to get a better understanding of the phenomenon
of PT in the electronics industry (Yin, 2004), two cases of PTs were studied. In both cases,
the production was transferred from a Norwegian producer of electronics for the maritime
industry (‘Sender’) to one of its strategic Norwegian suppliers (‘Receiver’). Both cases il-
lustrate challenges that might have been minimized if some of the prerequisites derived from
the extant literature had been in place. The empirical data was collected and triangulated by
taking field notes and by performing semi-structured interviews during one tour of Re-
ceiver’s facilities, two workshops (one at Receiver and one at Sender), as well as during a
follow-up meeting with Sender’s representatives. During the workshops, key representatives
from the case companies (i.a., quality managers, product developers, key account managers,
and process engineers) were interviewed about their views on how the PTs had been carried
out. Relevant internal documents from Sender were also reviewed. The empirical data was
collected during 2015. In order to increase the validity, key informants at both companies
reviewed the case report. A paper based on the data collected during the second workshop
was published as (Sjebakk et al., 2016) last year.

2. Literature Review

In this section, first, we explain how the SCRM theory can be applied during PTs. Second,
we provide a brief overview over interesting findings in the reviewed literature, highlighting



the prerequisites (i.e. required conditions) for achieving the expected performance outcomes,
and ultimately successful PTs.

2.1.  Supply Chain Risk Management during Production Transfers

According to the SC Council, the SC risk should be managed in three main steps. First, one
should proactively identify potential SC disruptions and their corresponding risk sources
(addressing the question ‘What can go wrong?’). Second, the likelihood of these disruptions
and their impact on performance should be evaluated. Third, measures aimed at mitigating
the likelihood or the impact of serious disruptions (i.e. ‘preventive’ and ‘corrective actions’
in the PT literature (Fredriksson et al., 2015)) should be identified and implemented. More-
over, the risk level should be continuously monitored throughout the PT (McCormack et al.,
2008).

Figure 2 depicts relevant concepts from the SCRM literature and the causal relation between
them during a supply disruption scenario. The ‘risk source’ represents a tangible or intangi-
ble element, which alone or in combination with other risk sources has the intrinsic potential
to give rise to a SC disruption (ISO, 2009). A SC disruption’ is the abnormal situation lead-
ing to negative deviations from certain performance measures and resulting in ‘/osses’ for
the focal firm. The ‘preventive’ and ‘corrective actions’ are risk-mitigating actions acting as
barriers between the SC risk source(s) and the unwanted SC disruption, and between the
disruption and the losses, respectively. For instance, during PTs, the likelihood of SC dis-
ruptions linked to defective or even counterfeit components (Dimase et al., 2016) could be
mitigated by maintaining Sender’s sub-suppliers until a steady state is achieved (Fredriksson
et al., 2015) (as a preventive action). Furthermore, the impact of such disruptions on supply
performance could be mitigated by having alternative sub-suppliers able to deliver the same
components (Manuj and Mentzer, 2008) (as a corrective action).

PREVENTIVE CORRECTIVE
ACTIONS ACTIONS

S LOSSES
SOURCES — ——f——— SUPPLY ——— 3
= —4—DISRUP. T ——8 .

Fig. 2. Central SCRM concepts and their causality during a supply disruption scenario

Potential SC disruptions can occur either within the SC (e.g. machine breakdown) or outside
the SC (e.g. natural disasters). Furthermore, the SC disruptions can be related to the sourcing
process (‘source risks’upstream the supply chain), operations (‘make risk’ at the focal firm),
to delivery or to product return (downstream the supply chain) (McCormack et al., 2008,
Manuj and Mentzer, 2008). The PT literature (e.g. (Fredriksson et al., 2015, Minshall et al.,
1999)) primarily addresses Source risks (e.g. disruptions in the material and information
flow between the Sender and the Receiver (Norrman and Jansson, 2004)) and Make risks
(e.g. production disruptions at the Receiver (Almgren, 1999)).



2.2. Prerequisites for Successful Production Transfers

Based on (Momme and Hvolby, 2002) and (Madsen, 2009), the identified prerequisites in
the reviewed literature have been structured according to typical categories of activities dur-
ing PTs: (1) ‘Preparation’, (2) ‘Execution’, (3) ‘Start-up’ and (4) ‘Supplier Relationship
Management’. Moreover, the Preparations and Start-up include the subcategories ‘Organi-
zation and Project Management’ (activities for organizing the PT teams and for planning
the PT project (WHO, 2011, Galbraith and Galbraith, 1990)), ‘Pilot Production at Sender’,
and respectively, ‘Pilot Production at Receiver’. According to (Momme and Hvolby, 2002),
the Supplier Relationship Management category would succeed the PT phases, but it is worth
specifying that this phase might be concurrent with other relocation phases, as it will be
shown below.

Furthermore, apart from the earlier mentioned Physical transfer, a PT will comprise three
other types of transfers: knowledge (for transferring tacit, uncodified knowledge
(Fredriksson and Wiénstrom, 2014)), administrative (for transferring explicit, codified
knowledge (Fredriksson and Wanstrom, 2014)), and supply chain transfer (for establishing
relations to vendors of raw materials, components and parts (Aaboen and Fredriksson)).

Finally, the identified prerequisites are not explicitly related to the management of SC risk
during PTs. Nevertheless, in the light of the SCRM literature, we argue that several of them
are closely related to SCRM, as it will be explained in the remainder of this sub-section.
Examples of methods and tools for conducting SCRM will be also provided. Table 1 presents
26 identified prerequisites for the Preparations phase.

Several of the above prerequisites can be related to SCRM theory. Ensuring executive level
commitment (P1, Table 1), and constituting teams dedicated to the PT with representatives
from all the affected disciplines (P2, P3, P4, P5 in Table 1) and with clear roles, are not only
important conditions for the success of the PT project, but also for SCRM and a sustained
supply performance (McCormack et al., 2008, Manuj and Mentzer, 2008). Constituting mul-
tidisciplinary Risk management teams at both PT parties is considered essential for SCRM
(McCormack et al., 2008). In addition, according to the SC Council, one should also estab-
lish a coordinating team dedicated to aligning Sender’s and Receiver’s risk-mitigation
measures with the overall RM process (McCormack et al., 2008). This would facilitate the
SCRM coordination between parties, and ultimately the effectiveness of SCRM.

Next, SCRM should be addressed right from the start. Thus, the formal agreement could
include specifications about the risk assumed by each party, expected performance targets
(Danilovic and Winroth, 2005, Franceschini et al., 2003, Zhu et al., 2001) and about product
ownership (e.g., the Sender can maintain the ownership of equipment with high IP values

Table 1. Prerequisites for successful production transfers during the Preparations phase

Id. | Prerequisites References
Organization and Project Management

P1 Project startup meeting. Executive level commit- | e.g., (Dudley, 2006, Andre and Peter,
ment 2012)




Id.

Prerequisites

References

P2

P3

P4

P5

P6

P7

P8

P9

P10

P11

P12

P13

P14

P15
P16

P17

P18
P19

P20

Multidisciplinary transfer team with project
managers from both parties
Product Development team

Supplier Development team
Multidisciplinary team for Risk Management

Formal agreement between transfer parties

Address impact of I[P on communication of tech-
nical matters

Up-to-date and easily accessible Transfer Proto-
col comprising all the transfer documents (i.a. a
transfer plan and checklist)

Evaluate Receiver’s readiness (by e.g. Gap Anal-
ysis)

Risk Assessment for the transfer object (by e.g.,
FMEA, FTA, or ETA analyses)

Assess the transferability of the production sys-
tem. Codify tacit knowledge. Replace obsolete
equipment

Pilot production at Sender (if suitable)

Set the performance targets to be achieved prior
to the Physical Transfer (first pass yields, etc.)
Robust forecasts (of physical transfer, start-up
time, new lead times, etc.)

Early problem solving/recalibration on produc-
tion system/supplied components or materials
(by e.g., RCA, or FTA)

Define the Change Control process

Implement Preventive actions (e.g. safety stock
and safety capacity). Ensure redundancy
Knowledge Transfer

Send personnel from Receiver to Sender (includ-
ing FMEA specialists)

Video-taped review of production process
Multidisciplinary training based on non-standard
events. A repository of solutions

Perform audits at Receiver to verify Knowledge
Transfer. Test personnel

(Madsen, 2009)

(Fredriksson et al., 2015, Madsen,
2009, Terwiesch et al., 2001, Rudberg
and West, 2008, WHO, 2011)

e.g., (Modi and Mabert, 2007)
(Manuj and Mentzer, 2008, WHO,
2011)

(Danilovic and Winroth, 2005,
Franceschini et al., 2003, Zhu et al.,
2001)

(Danilovic and Winroth, 2005, WHO,
2011)

(Terwiesch et al., 2001, WHO, 2011,
Ferdows, 2006)

(McCormack et al., 2008, WHO,
2011, Modi and Mabert, 2007)
(McCormack et al., 2008, WHO,
2011)

(Grant and Gregory, 1997a, Andre and
Peter, 2012, Madsen, 2009, Hilletofth
etal., 2015)

(Terwiesch et al., 2001)

(Fredriksson et al., 2015, Hilletofth et
al., 2015)
(Terwiesch et al., 2001)

(Terwiesch et al., 2001)
(Fredriksson et al., 2015, McCormack
et al., 2008)

(Andre and Peter, 2012, Grant and
Gregory, 1997b, Terwiesch et al.,
2001, Madsen, 2009, Galbraith and
Galbraith, 1990)

(Galbraith and Galbraith, 1990)
(Andre and Peter, 2012, Madsen,
2009)

(Andre and Peter, 2012)



Id.

Prerequisites

References

P21 | Perform activities to enhance Receiver’s perfor- | (Modi and Mabert, 2007)
mance (FMEA, RCA, VSM, Lean, Six sigma,
APQP, quality control, etc.)
P22 | Parties jointly review and update documentation | e.g., (Andre and Peter, 2012,
and the planning and control systems Fredriksson et al., 2015, Terwiesch et
al., 2001)
Transfer of Administrative Systems
P23 | Sender and Receiver develop a Communication | (McCormack et al.,, 2008, WHO,
Plan (part of the Transfer Protocol) 2011)
P24 | Sender transfers information. Receiver reviews | (WHO, 2011)
information from Sender, identifies gaps (in fa-
cilities, systems, etc.) and develops operating
procedures and documentation. Provides Re-
ceiver information
P25 | Use a common software for managing infor- | (Malm, 2013, Terwiesch et al., 2001)
mation flows
Supply Chain Transfer
P26 | Establish relationships to sub-suppliers of neces- | (Aaboen and Fredriksson, 2015)

sary materials and components

(Chopra and Meindl, 2013)). The agreement could also include specifications about infor-
mation-sharing frequency and formats, technologies used for this, information access rights
for the PT participants (P7), and the communication processes (i.a. whom to contact and
how). Details about information-sharing could be included in the Communication Plan
(P23), along with a crisis procedure to ensure a prompt and appropriate response to disrup-
tions (McCormack et al., 2008). Moreover, certain types of agreement can reduce the Source
risk. For instance, strategic agreements can ensure a continued service in the event of capac-
ity constraints, and ‘joint product design and delivery’ (with suppliers) could reduce the risk
of material non-performance and shortages (McCormack et al., 2008). Details from the
agreement could be part of the Transfer Protocol (P8), along with a Change Control system
(Terwiesch et al., 2001, WHO, 2011, Ferdows, 2006), a PT checklist, and a flow diagram
with the sequential stages of the PT, milestones and action owners (Terwiesch et al., 2001,
WHO, 2011). A simple audit checklist can be also used for evaluating Receiver’s readiness
(P9). Evaluating Receiver’s readiness (P9) relates to the 1% step of the SCRM process, i.e.
the proactive identification of Make risks at Receiver’s facility (e.g., risks related to capacity,
quality management and to IP). The SCOR mapping, VSM, or looking at historical prob-
lems, are some of the most common Risk Identification methods applied (McCormack et al.,
2008).To perform the Risk Assessment in P10 (i.e. the 2™ step of SCRM), one could use
tools such as qualitative and quantitative electronic spreadsheets. One Risk assessment
method that can be applied is the Failures Modes and Effects Analysis (FMEA)
(McCormack et al., 2008). As seen in Table 1, the FMEA is also frequently emphasized in
the PT literature. Further, for those PT disruptions assessed as critical, there should be iden-
tified preventive and corrective actions. Then, these actions should be evaluated based on



cost-benefit criteria (McCormack et al., 2008, Dimase et al., 2016), and the optimal ones
should be implemented- either before (preventive actions) or after disruptions (corrective)
(McCormack et al., 2008).

During the Pilot production at Sender (if suitable), parties could meet and set performance
targets to be achieved before Execution (P12). Apart from first-pass yield, they could mon-
itor the rework yield, process induced failures, test time, and tact time (Terwiesch et al.,
2001). A ‘watch-out’ list of precursor events could be also used for monitoring, and the
monitoring of Make risks could be done automatically through a data system such as the
ERP. Moreover, as mentioned in the previous sub-section, the monitoring should be a con-
tinuous process, and the focus should lie on indicators warning in the beginning of a risk
event or even before the event occurs (McCormack et al., 2008).

Table 2 presents 17 additional prerequisites for the remainder of the PT process. While the
Execution phase should be kept as short as possible (Madsen, 2009), there are several strat-
egies that could be applied during Pilot production at Receiver and Start-up, many of them
related to SCRM. For instance, P30 and P40 are related to Monitoring. Production monitor-
ing should be a continuous activity along PTs, yet the target levels might vary. The targets
during Start-up are often higher than during Pilot production (e.g., the first pass yield, pro-
cess induced failures, test time, tact time, downtime, and overall equipment effectiveness)
(Terwiesch et al., 2001). In line with the SC Council, by continuously monitoring the per-
formance, it would be easier to react promptly after supply disruptions and implement cor-
rective actions. Further, planning the PT as a gradual transfer (P31) is related to ensuring
supply continuity during PTs- one of the SCRM goals- by maintaining a secondary supply
source (i.e. the Sender) in case of shortages (Fredriksson et al., 2014, Almgren, 1999). Full-
speed testing (in P29) is running the system at a speed equaling the balanced capacity, to
solve as many problems as possible (by e.g., Root Cause Analysis (RCA)) and speed up the
Start-up (Almgren, 1999). Having a parallel experimental line at Receiver with a dedicated
process improvement team (P32) is related to the continuous improvement of supply perfor-
mance- including after the steady state. Furthermore, the improvement solutions should be
shared with other production units (Madsen, 2009). For P34, one related mitigation action
could be to shut down a production line or a test station any time the yield is lower than a
certain limit, and assess the problems (Terwiesch et al., 2001). P38 is a verification of the
performance targets at the end of the PT, preventing later much more costly corrections and
obsolete material (Hilletofth et al., 2015).

For Supplier Relationship Management, a good coordination and collaboration with Re-
ceiver is an important success factor for both PTs and SCRM. It is at the basis of the ‘shared
risk” approach, as the Receiver is the only one which can directly act on most of the Make
risks (McCormack et al., 2008) during the Start-up. In addition, it mitigates the likelihood
of Source risks (Norrman and Jansson, 2004) during both Execution and Start-up. Finally,
(Beckman and Rosenfield, 2008) state that the degree of organizational interaction and
thereby the requirements for information processing capability, will depend on the degree of
uncertainty within the transfer object. Further, the degree of uncertainty would depend on



Table 2. Prerequisites for successful PTs during Execution, Start-up, and Supplier Relationship

Management

Id. | Prerequisites References
Execution

P27 | Upgrade, test, and burn-in the equipment to be | (Madsen, 2009)
transferred

P28 | Temporary send personnel from Sender to Re- | (Terwiesch et al., 2001, Ferdows,
ceiver (including FMEA specialists) 2006)
Pilot production at Receiver (if suitable)

P29 | P14 and full speed testing (Terwiesch et al., 2001, Almgren,

1999)

Start-up

P30 | Parties meet to review Transfer Protocol and met | (Terwiesch et al., 2001)
or not-met performance targets

P31 | Gradual Production Transfer with secondary | (Fredriksson, 2011, Terwiesch et al.,
supply sources (not ‘clear-cut’). Transfer produc- | 2001, Hilletofth et al., 2015, Madsen,
tion during periods with low demand 2009)

P32 | Parallel experimental line at Receiver and a ded- | (Terwiesch et al., 2001)
icated process improvement team

P33 | Qualify vendors. ‘Vendor matrix’ for compo- | (Terwiesch et al., 2001)
nents that can be used together

P34 | Continuous monitoring of start-up progress, de- | (Fredriksson et al., 2015, McCormack
mand, and safety stock level et al., 2008)

P35 | Decide on Corrective actions (subcontracting, | (Fredriksson et al., 2015)
expediting part delivery, etc.)

P36 | Adapt the documentation and the planning and | (Fredriksson et al., 2015, Grant and
control systems Gregory, 1997a)

P37 | Decide on when to transfer component/ material | (Fredriksson et al., 2015)
ordering responsibility to Receiver

P38 | Production verification. Post-transfer audit. | (Hilletofth et al., 2015, Zhu et al.,
Compare the outsourcing costs before and after | 2001)
the transfer

P39 | Transfer summary report including deviations, | (Zhu et al., 2001, WHO, 2011, Stock
actions and lessons learned and Tatikonda, 2000)

P40 | Continuous performance improvement and mon- | (Madsen, 2009, Gero and Stefan,
itoring (including conducting audits at Receiver) | 2009)
Supplier Relationship Management

P41 | High communication, collaboration, and coordi- | (Stock and  Tatikonda, 2000,
nation requirements for novel, complex, and/or | McCormack et al., 2008, Vitasek and
tacit transfer object. Leveraging each other’s | Manrodt, 2012)
strengths

P42 | Receiver informs Sender about any process con- | (Hilletofth et al., 2015, Rehme et al.,
flict. They have regular status meetings 2013)

P43 | Long-term commitment. Invest in Supplier De- | (Modi and Mabert, 2007, Bocquet,

velopment
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2011)



three dimensions: novelty (e.g. higher uncertainty when the PT parties have no previous
experience with PTs (Fredriksson, 2011)), complexity (e.g. higher when transferring a sub-
assembly that is part of a non-modular product than one in a modular one (Beckman and
Rosenfield, 2008)), and ‘tacitness’ (e.g. higher when there is a high amount of unwritten
production knowledge). Thus, PTs with a low degree of uncertainty would require less in-
formation processing capability, hence lower costs (Stock and Tatikonda, 2000).

3. Case Research

The findings from the Case Research on two PTs between a Norwegian producer of maritime
monitoring systems (Sender) and one of its strategic suppliers (Receiver) are presented in
Table 3.

As shown in Table 3, the transfer parties experienced a number of unwanted events during
both PTs, which could have been avoided or more easily handled if some of the prerequisites
from tables 1 and 2 had been in place.

In Case A, constituting a transfer management team (P2, Table 1) with representatives from
all the relevant departments, including Product design and Purchasing, could have contrib-
uted to a better collaboration between Sender’s and Receiver’s personnel (Dudley, 2006).
All the members should have clear roles and responsibilities and both parties should assign
project managers to lead the transfer team and its activities at the two locations. Moreover,
the motives behind the PT could have been explained to all the affected personnel, during a
kickoff meeting early in the PT process (P1, Table 1). Further, receivers need a significant
amount of documentation to start up the production and even more documentation is gener-
ated by the end of the PT. Thus, during both PTs, the transfer parties could have created an
electronic transfer protocol to include all the documentation (P8, Table 1). The protocol
should be continuously accessible to all the affected personnel and up-to-date (Terwiesch et
al., 2001, WHO, 2011). Two of the important documents that should be included in the pro-
tocol are a plan for the entire PT and a transfer risk assessment. For instance, all the activities
in the transfer plan could be assessed by the project team or a dedicated team for risk man-
agement (P5, Table 1), and for all the critical activities, preventive and corrective actions
should be identified and implemented whenever necessary (P10-P11, Table 1). Had the
transfer parties assessed the risk, they could have identified the risk implied by the transfer
of the test equipment to Receiver earlier. Furthermore, as several studies argue, a transfer
with only a gradual reduction in the production output at the Sender, synchronized with the
output at the Receiver, would have helped the transfer parties to avoid some of the disrup-
tions. In addition, the PTs could be planned during seasons with low customer demand
(Madsen, 2009) (P31, Table 2). Examples of corrective actions that the transfer parties could
implement in case of supply-disruptions are building up safety stock and ensuring safety
capacity (Fredriksson et al., 2015).

During both cases, Sender and Receiver experienced a number of miscommunication
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Table 3. Overview of the studied production transfers and their main activities

Case A- Completed Transfer

Case B- Ongoing Transfer

Sender: Norwegian electronics producer. No
previous experience with transfers.

Transfer object: Acoustic sensor. Mature and not
too complex product. High volumes. Little

IP.

Receiver: Norwegian series producer of elec-
tronics. Strategic supplier. After transfer, they as-
sembled and tested final products and sent them
to Sender. Asked to come with suggestions for
cost reduction.

Preparations: No kick-off meeting. Sender col-
laborated little with their product, purchasing,
and test teams and in general, their personnel had
unclear roles in the transfer. The Product team
did not know the motives behind the transfer and
they were reluctant to support Receiver and pro-
vide essential information. The parties had not
prepared any plan or risk assessment early in the
project. Thus, the original decision of transfer-
ring the test equipment to Receiver had to be
overridden by Product team, when they became
aware of it, in order to safeguard their capability
to quality-assure their deliveries. Another deci-
sion that proved to be inappropriate was planning
the transfer as a clear-cut transfer, with Sender
producing the entire volume until Easter and Re-
ceiver everything after that. For Knowledge
transfer, the parties conducted a VSM at Sender
and 3 of Receiver’s operators were sent to Sender
for process training. Some of Sender’s suppliers
of parts were transferred to Receiver.

Physical Transfer: A copy of the test equipment
was transferred.

Start-up: Receiver came with several process
improvement suggestions that were rejected by
Sender without a clear explanation. During the
workshops, it was disclosed that Sender was
about to replace the product with a new variant
but had not informed Receiver. Receiver also dis-
closed that the transfer had not been profitable
for them, whereas Sender could not tell if the
post-transfer costs were lower, only that the start-
up had been long with high scrap rates and stock
levels. The parties were considering to transfer
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Sender: The same as in Case A

Transfer object: Signal converter, part

of several of Sender’s products. New product
version, more complex than Product A.
Receiver: Same as in Case A. Transfer
planned as a co-development of the new var-
iant with Receiver. Receiver installed elec-
tronics (i.a. own PCBs) in cabinets; Sender
tested the final products.

Preparations: The transfer started in

Sept. *14 with a kick-off, when prior to any
formal agreement, Receiver was asked to or-
der long lead-time material from vendors.
Sender sent 4 BOM changes after the Pilot
phase. Thus, a considerable amount of this
material became obsolete, and during the
April 15° workshop, Receiver revealed that
they had not received yet a confirmation that
Sender would compensate them for their ex-
penses. In terms of Administrative transfer,
the documentation about several changes was
sent late in the process, and some of the
changes had not even been properly recorded.
This was according to Sender, partially be-
cause Sender’s Change Control system did
not allow purchasing materials for prototypes
before design-freeze. With respect to
Knowledge transfer, this time Receiver din
not sent any personnel to be trained at Sender.
With respect to the Supply chain transfer, Re-
ceiver had to use Sender’s cabinet suppliers
in the beginning. Next, while Receiver appre-
ciated relying on the same key contact person
at Sender throughout the process (the Product
developer), Sender’s Prod. Developer experi-
enced that it had been unclear whom to con-
tact at Receiver. She had also found two of
Receiver’s employees working with different
BOM revisions.

Physical Transfer: None.

Start-up: The status during the workshop in
April ‘15, was that Receiver had just trans-
ferred the production from their Development
to their Production department.



the assembly to one of Receiver’s suppliers in a

low-cost country.

Follow-up meeting with Sender: The sender had launched 3 programs with dedicated teams for
each of them: (1) a Supplier Development program for Lean implementation (Receiver audited
by Sender), (2) a program for Product Development with strategic suppliers, and (3) a Supplier
Quality program. The Quality program included the implementation of a Change Control system,
and a Statistical Process Control (SPC). They had purchased the CAPA-8D software for manag-
ing corrective and preventive actions and the integrated change control (with a dedicated multi-
disciplinary team). The software applies the RCA method. Moreover, Sender had an increased
focus on performance monitoring. They were now using 3 performance indicators (KPIs) for
monitoring suppliers: quality non-conformance <1%, a delivery performance >99%, and a cost
reduction of 5% per year. They were also planning to monitor the time-to-market. Scorecards
based on the 3 first indicators were used for suppliers’ self-assessment, and for Sender’s own
assessment of these suppliers. All strategic suppliers were expected to implement the above-men-
tioned systems (i.e., Change Control, CAPA, SPC, KPI’s monitoring, and Lean).

incidents, e.g. production improvement suggestions rejected without a clear justification,
contact persons not clearly specified, or Receiver’s personnel following two different
BOMs. Therefore, in addition to assigning project managers to the PT at each location, the
parties could have included a communication plan in the transfer protocol, specifying whom
the personnel should contact for assistance when problems arise (P23, Table 1). The com-
munication plan is a central prerequisite for a coordinated SCRM between the Sender and
the Receiver.

Finally, in order to minimize the stock levels, waste, and start-up time during the PT in Case
A, Sender and Receiver could have implemented knowledge transfer measures for supplier
development and continuous improvement of supply performance, e.g. VSM, Six sigma,
RCA, FMEA and Lean (P21, Table 1). Moreover, as emphasized in the extant research, at
the end of any PT, the senders should perform a post-transfer audit, in order to evaluate if
the cost and other performance targets had been reached (P38, Table 2). In addition, the
performance could be continuously monitored throughout the PT (P40, Table 2). Finally,
Receiver’s results together with a description of process changes, disruptions, actions and
lessons learned should be documented in a summary report (WHO, 2011) (P39).

During Case B and in general during any PT, signing a thorough formal agreement (P6,
Table 1) before or in the beginning of the transfer could significantly reduce the amount of
unwanted and possibly very costly incidents. The agreement could specify the expected per-
formance targets, ways to address any controversy, information access rights, forms of ter-
mination, and the risk assumed by each party (e.g., the cost of the obsolete material)
(Terwiesch et al., 2001). Moreover, agreements for longer-term commitment between the
two PT parties could enhance Receiver’s willingness to open its facilities for the scrutiny of
the Sender (Modi and Mabert, 2007), facilitating the risk monitoring (McCormack et al.,
2008). Further, in order to avoid BOM and other changes too late in the process, the PT
parties could have prepared a flow diagram with milestones (WHO, 2011). One recom-
mended milestone is the production verification prior to continuous production (P38, Table
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2). In addition, preparing and following a clear Change control process is also highly rec-
ommended during PTs (P15).

The follow-up meeting revealed that the Sender had been implementing several measures
i.a., as a result of the challenges during PTs (Table 3). All of Sender’s strategic suppliers
were expected to implement these measures. However, in line with (Stock and Tatikonda,
2000), the closeness between a sender and a receiver and the required investments in data
processing systems, would depend on the degree of uncertainty within the PT (i.e., novelty,
complexity, and ‘tacitness’) (P41,Table 2). For instance, in Case B, the production process
of the new variant had a relatively high degree of novelty, complexity and amount of tacit
knowledge. Thus, the implementation of a program for systematic product development with
the Receiver, and purchasing a software for an integrated control of engineering changes,
could indeed be suitable in this context. In addition, the PT parties could have invested in a
common information management system (P25, Table 1), and could have hold regular and
more frequent meetings (P42, Table 2). In any case, a tighter and more coordinated collab-
oration between the PT parties is important for a shared risk approach and has a positive
impact on supply performance (McCormack et al., 2008).

4. Conclusion

The purpose of this paper has been to identify prerequisites for achieving the expected supply
performance outcomes, and thereby successful PTs - a topic addressed from an Operations
Management and a SCRM point of view. Thus, a number of such prerequisites have been
identified in the extant literature and structured according to the main PT phases. Moreover,
the challenges during two PTs have been presented and we have discussed how they could
have been avoided or more easily dealt with, if some of the identified prerequisites had been
in place. The prerequisites revealed by both the literature and the empirical findings are dis-
played in Table 4.

We argue that the originality of this paper resides in the detailed overview over recom-
mended activities for the entire PT process, which has not been found elsewhere. In addition,
we have shed light on the potential of the SCRM approach to aid in managing unwanted
events during PTs, we have highlighted possible risk-mitigation measures and suggested
SCRM methods and tools. The practitioners can use the list of prerequisites as a checklist
when preparing the PT plan. Nevertheless, the utility of the proposed overview of prerequi-
sites should be tested in PT cases of various characteristics. The authors’ plan for the future
is to configure a project development model based on the validated prerequisites. The model
will include important transfer activities, milestones, as well as suggestions of methods and
tools for high supply performance during PTs.
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Table 4. Prerequisites for successful PTs revealed by both the literature and the cases

Id. Prerequisites

P1 Project startup meeting early in the transfer process where i.a. the reason for the transfer
is clarified to all the affected workers

P2 Multidisciplinary transfer team with project managers and other representatives from all
the affected disciplines, both transfer parties, and with clear roles

P6 Formal agreement signed as early as possible (including the risk assumed by each party)

P8 Up-to-date and easily accessible electronic Transfer Protocol containing all the transfer

documentation (including a transfer plan and a transfer risk assessment)
P5,10 @ Transfer risk assessment

,11

P15 Define and implement a clear Change Control process

P21 Perform activities to enhance Receiver’s performance

P23 Sender and Receiver jointly develop a Communication Plan (including contact points
for assistance and their roles)

P25 Use a common platform for information management

P31 Gradual production transfer planned during a season with low customer demand

P38 Production verification and a post-transfer audit. Compare the outsourcing costs before
and after the transfer

P39 Transfer summary report including a description of process changes, disruptions, ac-
tions, and lessons learned

P40 Continuous monitoring and performance improvement at Receiver

P41 High communication, collaboration, and coordination between transfer parties for novel,
complex, and/or tacit transfer object

P42 Regular and frequent status meetings
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Abstract

The Purpose — This paper aims to develop a procedure for preparing production transfers based on
risk management principles. The procedure should help companies reduce the amount of supply chain
disruptions during transfers and achieve their outsourcing/offshoring objectives.

Design/methodology/approach — The procedure was developed during a three-year Design Science
study. First, a literature review and case studies were conducted to frame the research problem. Sec-
ond, a preliminary procedure was developed based on preventive risk mitigation actions from the
production transfer literature. Third, the procedure was implemented during an electronics-offshoring
case and refined during workshops with the sender and receiver’s transfer personnel. Fourth, during a
seminar, transfer practitioners verified the procedure by applying it to outsourcing/offshoring cases
with which they had experience.

Findings — Most of the preventive actions were evaluated as relevant for the transfers the procedure
was applied to, regardless of industry and relocation type. Moreover, the electronics-offshoring case
showed that the success of a production transfer not only depends on the physical, knowledge and
supply chain transfers, as presented in earlier research, but also on the administrative transfer and on
the organisation, project and quality management actions. This paper also attempts to enhance the
production transfer literature by clarifying transfer risk management.

Practical implications — The procedure can be used during the production transfer phase as a prepa-
ration procedure. Moreover, it informs the decision-making process during the relocation-decision
and supplier-selection phases.

Originality/value — To the authors’ knowledge, this is the first production-transfer-preparation pro-
cedure based on risk management principles.
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1. Introduction

Nowadays, the relocation of production activities is a common phenomenon among manufacturing
companies, which in the pursuit of higher competitiveness try to reap the benefits that different loca-
tions and suppliers provide (De Backer et al., 2016). Companies relocate production to external sup-
pliers (production-outsourcing) or to suppliers in foreign and often low-cost countries (production-
offshoring) (Jahns et al., 2006). Furthermore, relocation decisions can be motivated by goals such as
reducing production costs, pursuing an emergent customer market and accessing new technologies or
materials (Mykhaylenko et al., 2015, Beckman and Rosenfield, 2008). Nevertheless, the supply chain
management-literature recognises that production relocations lead to an increased risk in supply
chains; hence, the achievement of pursued goals may be challenging (Vikram, 2013, Chopra and
Meindl, 2013). The existing literature reports a number of production relocations that failed, and e.g.,
led to unexpectedly high costs, reshoring or even factory close down (e.g. (Kinkel and Maloca, 2009,
Fratocchi et al., 2014, De Backer et al., 2016)).

The success of production-relocations not only depends on companies’ ability to select the most suit-
able production for relocation and the right supplier but also on how well the relocation decision is
implemented (Aaboen and Fredriksson, 2016), which refers to the production transfer (PT). Figure 1
depicts the main phases of a production-relocation process.

RELOCATION Production Transfer TERMINATION
DECISION PREPARATION START-UP OF AGREEMENT
SUPPLIER EXECUTION STEADY
SELECTION STATE

Figure 1: The production-relocation process (adapted after (Fredriksson, 2011, Madsen, 2009))

As shown in Figure 1, the PT is divided into three main phases: (i) Preparation, (ii) Execution, and
(iii) the Start-up of production at supplier’s site (Madsen, 2009). The Execution phase usually consists
of a physical-transfer of equipment and inventory from the production site (hereafter denoted as
sender) to the supplier (hereafter denoted as receiver).

A PT is considered successful if the receiver achieves a full-scale and stable production output (Steady
state in Figure 1) according to schedule and at targeted levels of performance, which can be indicated
by the cost and the yield level (Terwiesch et al., 2001, Almgren, 1999). However, production-reloca-
tions are often associated with an increased risk of supply chain disruptions, such as quality non-
conformances (Dachs and Zanker, 2015, Manuj and Mentzer, 2008) and material shortages (Manuj
and Mentzer, 2008). Furthermore, companies may experience different types of losses e.g., the loss of
flexibility to respond quickly to demand changes, excessive transportation costs (Dachs and Zanker,
2015), a reduction in brand value, the loss of intellectual property and even the loss of their entire
business (Vikram, 2013, Chopra and Meindl, 2013, Kinkel and Maloca, 2009). The European Manu-
facturing Survey from 2012 shows that between 2010 and mid-2012, ca. 25% of the 3500 participating
firms reshored production to their home countries (Dachs and Zanker, 2015) because they incurred
these types of losses. Moreover, an analysis of 39 German companies that relocated production high-
lights that on average, start-up times were 2.5 times longer than originally planned, and the period



between Start-up and Steady state ranged in almost all cases from two to three years (Kinkel and
Maloca, 2009).

In line with the Supply Chain Risk Management literature (e.g. (McCormack et al., 2008)), to avoid
costly disruptions and losses during later process stages (i.e. Execution and Start-up), companies
should focus on identifying and implementing preventive actions during earlier process stages (i.e.
Preparation). The PT scholars also acknowledge the importance of preparing PTs thoroughly (Grant
and Gregory, 1997a, Minshall et al., 1999, Terwiesch et al., 2001, Madsen, 2009) and based on risk
management principles (Cheng et al., 2010, Malm, 2013, Fredriksson et al., 2015). However, to the
best of the authors’ knowledge, a detailed procedure for preparing PTs carefully and based on supply
chain risk-management principles is lacking within the literature. Taking into account the significant
amount of resources that companies invest in production relocations and the risk to which they expose
themselves, this is a surprising finding, providing an intriguing research opportunity. By PT procedure
is meant a series of PT actions, which are conducted in a certain order and are necessary to achieve
production relocation goals (based on Fredriksson [2011]).

Although many production relocation procedures exist, only few of them address the PT process.
Furthermore, those procedures either provide a rather vague overview of PT activities (e.g. (Zeng,
2003, Momme, 2002)) or they only focus on certain parts of the PT process (e.g. the physical transfer
during the Execution phase in (Kowalski et al., 2018) or the materials planning and control during
Preparation and Start-up in Fredriksson et al. [2015]).

Furthermore, although some of the PT scholars acknowledge the importance of managing the risk
during PTs, they do not provide clear guidelines for this (e.g. Madsen [2009] and Malm [2013]). Malm
(2013) presents a PT risk analysis performed by SAAB Aeronautics. This is an interesting example of
how PT risk management is performed in practice. However, Malm does not describe the preventive
actions implemented by SAAB to prepare for the studied PT. In 2015, Fredriksson et al. published the
first paper explicitly recommending preventive actions during PTs. This paper has a focus on the
preventive actions that might be necessary to avoid shortages of raw materials and components (e.g.
forecast the start-up time and new lead times, update the planning and control systems, and prepare a
safety stock and safety capacity) and on actions that are necessary to avoid incomplete or irrelevant
transfer-documentation. However, there are additional risk-areas during PTs that should be handled
by practitioners, such as the management of the PT project (Terwiesch et al., 2001, Madsen, 2009),
receiver’s training (e.g. McBeath and Ball [2012] and Cheng et al. [2010]) and the transfer of sub-
suppliers (Aaboen and Fredriksson, 2016). Finally, World Health Organisation has published detailed
guidelines for the preparation of PTs in the pharmaceutical industry (WHO, 2011). However, similar
to the other publications, WHO (2011) acknowledges the importance of risk management during PTs,
without clearly describing how it should be performed. In addition, WHO (2011) provides mainly
practitioner-based and not research-based guidelines, and a significant amount of the recommended
preparatory activities are arguably only applicable to the pharmaceutical industry (e.g. activities re-
lated to active pharmaceutical ingredients and the contamination of the pharmaceutical products).

In 2008, Busi and Mclvor published a comprehensive literature review on the topics of outsourcing
and offshoring. The review highlights that hitherto, the literature payed little attention to the PT prep-
aration process and to PT risk management, and only few outsourcing/offshoring frameworks were
developed by applying theoretical frameworks in a practical setting (Busi and Mclvor, 2008). Never-
theless, the knowledge transfer, an important PT area, and the outsourcing/offshoring risks are pre-
sented as emergent themes, whereas the implications of applying well-known operations management



techniques, such as change management, knowledge management and performance management dur-
ing outsourcing/offshoring are proposed as future avenues of research. Implementing such techniques
during PT projects is highly relevant, as will be shown later.

As presented above, the PT preparation process and the PT risk management continued to receive
limited attention in the following decade, despite their importance for the success of production relo-
cations. However, through the Supply Chain Risk Management lens, several of the preparation activ-
ities recommended in the PT literature can aid in avoiding supply chain disruptions. Therefore, the
purpose of this research is to identify potential preventive actions in the PT literature and synthesise
them into a procedure for preparing PTs and for preventively mitigating the risk of supply chain dis-
ruptions during PTs. The procedure should aid companies in meeting their targeted performance out-
comes during production-relocations.

2. Methodology

To develop the PT-preparation procedure, the design science research strategy, as described by
Holmstrom et al. (2009), was adopted. This strategy is recommended both for the development of
procedures with enhanced practical relevance and for theory development (e.g. Holmstrom et al.
[2009] and Van Aken and Romme [2009]). Moreover, according to the design science strategy, the
cross-disciplinary nature of this paper is an advantage when developing procedures (Holmstrom et al.,
2009).

Table 1 presents the four phases of this study’s research process: Problem framing, Procedure incu-
bation, Procedure refinement and Explanation. The last three phases are based on Holmstrdom et al.’s
(2009) recommendations. the first phase is inspired by Van Aken and Romme’s (2009) recommenda-
tions for design science and its purpose is to present how the field problem was identified.

The remainder of this section presents the methods of data collection and analysis during the Problem
framing, Procedure incubation and Procedure refinement phases, as well as the rationale behind the
case selection. The Explanation phase discusses the empirical findings collected during the previous
research phases, in the light of the PT-literature, and is presented in Section 5. The empirical data was
collected during a period of 3 years, between April 2015 and April 2018.

Phase 0: Field-problem framing. According to Van Aken and Romme (2009) “a field problem is a
problematic state in a social or material reality”. To gain an in-depth understanding of the field-
problem the research was initiated with two exploratory case studies (Yin, 2004). The multiple case
study enabled a fruitful cross-case analysis and a higher internal and external validity (Eisenhardt,
1989). The cases were recent transfers of electronics production from the domestic site of a Norwegian
multinational producer (hereafter denoted as Sender) to a domestic electronics supplier. The empirical
data was collected in April 2015, through semi-structured interviews conducted during one workshop
at the supplier and one at Sender. During the workshops, key transfer-personnel (managers, purchas-
ers, product-developers, process engineers and operators) from both companies were interviewed
about the challenges they experienced during the PTs and possible causes of these. Thereafter, the
interview data was triangulated with field notes taken during a tour of the supplier’s factory, and with
relevant internal documents from Sender. The authors prepared a case-report based on the collected
data, and to increase the accuracy of the empirical findings and the construct validity, this report was
reviewed by informants (Karlsson, 2009).



Table 1: The research process (based on (Holmstrom et al., 2009) and (Van Aken and Romme, 2009))

Research Exploratory Research Explanatory Re-
Type search
Research 0.Field-problem 1.Procedure Incubation 2.Procedure Refinement 3.Explanation
Phase framing
Objective Identify, under- Develop an initial transfer- | Refine the transfer-prepa- Develop substan-
stand, frame the preparation procedure ration procedure; solve the | tive theory; estab-
field-problem field- problem lish theoretical
relevance
Means Collecting and trian- | Identification of potential e Implementation of the o Analysing the
gulating empirical preventive actions in the proc dure during a pro- refined proce-
data by taking field production-transfer litera- duction offshoring case dure in light of
notes during site ture, through the lens of e 7 iterations between the literature
tours at both trans- supply-chain risk manage- procedure implementa- findings from
fer-parties, perform- | ment. The review included: tion, evaluation and re- Phase 1
ing semi-structured peer-reviewed journal arti- finement during 19 o Addressing the
interviews and re- cles, dissertations, best- workshops with the theoretical and
viewing company practices within the topics case-sender and receiver practical impli-
documents and sec- of ‘production transfer’, e Confirmation of in- cations of the
ondary data ‘knowledge transfer’ and tended consequences; procedure
‘technology transfer’, as co-optation of unin-
well as publications about tended consequences
different types of produc- e By help of a question-
tion-relocations, ‘start-up’ naire,
and ‘ramp-up’. Moreover, transfer practitioners ap-
seminal supply chain risk plied the procedure on 3
management publications production transfer ex-
were studied amples with which they
had broad experience
and verified it. The ex-
amples were from dis-
tinct industries
Research Exploratory Case Literature review, Action Research, survey Discussion
approach Research on 3 retro- | conceptual analysis
in this pa- spective production
per transfers

The logical approach employed during the Field-problem framing phase was abductive (as described
by Karlsson [2009, p.30]). The starting point was the field-problem, which was the suboptimal supply
performance during the studied PTs (e.g. long start-ups). Thereafter, it was identified that one of the
potential root-causes for the field-problem was the lack of a PT-preparation procedure, which could
be implemented by practitioners in order to mitigate the PT risk (see Section 1). Thus, the authors
decided to develop a PT-preparation procedure based on risk management principles, and imple-
mented it during an ongoing PT to study its effect on supply performance.

Phase 1: Procedure Incubation. This phase focused on developing a preliminary version of the PT-
preparation procedure. First, the authors conducted a systematic literature review (as recommended
by Karlsson [2009, p.48]) to identify potential preventive actions in the PT literature. The authors
studied peer-reviewed journal and conference articles, dissertations, monographs, books and guide-
lines on the topics of production-, knowledge- and technology-transfers in manufacturing industries,
as well as about production relocations, start-up, ramp-up, and key publications in the area of Supply
Chain Risk Management. The literature search was conducted on a university’s internet library (Oria),
which provides access to the main databases for peer-reviewed literature, and on Google Scholar.
Second, the identified preventive-actions were synthesized into a preliminary procedure (Table 2,
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Section 4). To this end, the most comprehensive frameworks and guidelines found in the literature
were taken as a starting point (Fredriksson et al., 2015, Terwiesch et al., 2001, WHO, 2011). Third,
the preliminary procedure was presented and discussed at a major Operations Management conference
(EurOMA 2016).

Phase 2: Procedure Refinement. In this phase, the PT-preparation procedure developed in Phase 1
was implemented and iteratively evaluated and refined during a PT of acoustic sensors from Sender
to their Spanish subsidiary (hereafter denoted as Receiver). Figure 2 depicts the organisation chart of
this PT and the personnel that was involved in the procedure refinement process. As recommended by
Holmstrom et al. (2009), this phase applied an action research approach, and for this, the strategy
described by Coughlan and Coghlan (2002) was followed. The action research approach allowed the
authors to both implement the procedure at the case company in order to solve the field problem and
affect the way the procedure was modified by the case company (Coughlan and Coghlan, 2002).

‘ Division Managing Director |

[ Action-plan & sourcing resp. (from Sender) )—
"

H
Transfer facilitator Ra s ssssssssnnsunnunnnnnnn

Project owner (from Sender)

| Project manager (from Receiver) ‘

Transfer facilitator ssssssssnns I Transfer facilitator (mssssssssssnns l
Product owner Production manag., QA
& Risk & Lean resp.
QA& ERP- Process Logistics bl
. Lean Docume : 8 Procure . Assem
Risk leconom N tech. | |Productio resp. HSE ment. ERP. Docume) v
manag. - ntation n | S | leconom| | v
manag. ics ndtest| | rese- resp. | |logistics ~ ntation operato
and tes manager &3
" | [transact resp and resp. 7
= i . & ERP- . transact|
. ions d plannin jons
Trapffer: resp. prod. g resp. T
facilitat» planning p.
or resp.
Molding
Pre-molding operator

= assembly
operator

Molding operatol
Test systems resp.
{ Final test & assembly resp.

Figure 2- The organisation chart of the production transfer to Spain

As indicated in the organisation chart (Figure 2), the lead author was part of Sender and Receiver’s
PT organisation and had the role of Transfer Facilitator. However, the lead author was not employed
by the transfer-parties (i.e. the author was an ‘outside agent’). Thus, it was relatively easy to analyse
not only the progress of the PT but also the research itself (Coughlan and Coghlan, 2002). Moreover,
the lead author had a steering committee with members from Sender and Receiver, who enabled the
author to build insider knowledge. The committee members were the Action-plan & Sourcing respon-
sible, Project Owner, Quality-assurance & Risk Manager and the Project Manager.

Furthermore, after implementing the procedure developed in Phase 1 during the PT to Spain, the



authors verified its external validity during an international one-day seminar on the topic of PT. The
seminar was organised by the lead author’s research group in March 2017. The main purpose of the
verification was to corroborate how relevant the procedure was for PTs with contrasting characteristics
compared to the PT to Spain. During the seminar, three international PT practitioners applied the
procedure on a PT (each on a different one) and verified it. The practitioners were an external PT
consultant who applied the procedure on an offshoring-PT of food production (with 8 years of PT
experience), a PT manager who applied the procedure on an offshoring-PT of thruster production (6
years of PT experience) and a PT facilitator who applied the procedure on an outsourcing-PT of air-
craft production (7.5 years of PT experience). Table 2 presents the PT experience and degree of in-
volvement of all the informants during the Procedure Refinement phase. Although only three PT prac-
titioners tested the utility of the procedure, the introduction of a potential solution in several contexts
is a significant step toward theory development (Holmstrém et al., 2009). Moreover, according to
Gregor and Hevner (2013), when a researcher has expended significant effort in developing the solu-
tion design in a project, often with much formative testing, the final testing should not necessarily be
expected to be as full or as in-depth as evaluation in a research project where someone else developed
the solution design (Gregor and Hevner, 2013).

Table 2: The experience and involvement of the informants during the Procedure Refinement phase

Informant (transfer role) Transfer experi- Participations at
ence (years) workshops/meetings

Action Research during a production transfer from Norway to Spain:

From Sender:

Division Managing Director 2 N=3

Action Plan and Sourcing responsible 2 N=8

Project Owner 3 N=14
Product Owner 0.5 N=5

QA and Risk manager 2.5 N=12
Lean Manager 1 N=2

HSE responsible 0.5 N=1

Planning and Forecasting responsible 0.5 N=2
ERP Economics Transactions responsible 0.5 N=1

Order and Delivery responsible 1 N=2
Documentation and test responsible 1 N=2
Process Technology responsible 1 N=3

Production Manager and ERP-Production Planning re- 2 N=4
sponsible

Pre-moulding Assembly operator 0.5 N=1

Moulding operator 0.5 N=3

Test System responsible 0.5 N=1

Final Test and Assembly responsible 0.5 N=1

Logistics responsible 1 N=1

From Receiver:

Project manager 2.5 N=7
Production Manager and QA& Risk& Lean responsible 2 N=5
HSE responsible 1 N=1

Procurement, logistics and planning responsible 2 N=2
ERP Economics Transactions responsible 2 N=2
Documentation responsible 2 N=2
R&D, process control and chemical hazard responsible 0.5 N=4
Moulding operator 0.5 N=4



Informant (transfer role) Transfer experi- Participations at

ence (years) workshops/meetings
Assembly operator 1 N=4
Survey at an international seminar:
Production Transfer consultant 8 N=1
Production Transfer manager 6 N=1
Production Transfer facilitator 7.5 N=1

First, each participant presented her/his selected PT. Thereafter, the lead author presented the PT pro-
cedure and administered an electronic questionnaire to the PT practitioners. The questionnaire was
prepared in Google Forms and it consisted of several closed-questions with space for open-ended
comments. The authors applied the Likert scale, with three alternatives: (the action has) ‘no or low
relevance’, ‘medium relevance’ and ‘high relevance’. Further details about the data collection and
analysis during Phase 2 are provided in subsections 5.2 and 5.3, respectively.

Case Selection: According to a survey of 847 Nordic companies with over 50 employees, 48% of the
surveyed production companies had relocated production (Heikkilé et al., 2017). Production reloca-
tions are arguably more frequent among Nordic companies than among other European companies.
For instance, only 21% of the companies participating in the European Manufacturing Survey relo-
cated production in the period 2000-2012 (Dachs and Zanker, 2015). Moreover, in Heikkild et al.’s
(2017) study, electronic companies were among those that relocated production most frequently. Con-
sequently, based on these findings and on Karlsson’s recommendations about sample representative-
ness (2009, p. 172), the main case company (a Nordic electronics company) and the selected cases
during Phase 0 and the Action Research in Phase 2 can be regarded as representative.

As earlier mentioned, the survey-PTs belonged to different industries and to both offshoring and out-
sourcing processes, because the main purpose of the survey in Phase 2 was to verify the external
validity of the procedure. Moreover, while the senders were all located in Nordic countries, the re-
ceivers were located in three distinct geographical areas (Estonia, China and India). In addition, the
complexity of the transfer object varied across the PTs, including both ‘simple’ transfer objects (a
production line for bread) and complex (aircraft production). Finally, the number of survey-PTs was
a result of a trade-off between ‘adequate’ external validity and study depth, in the context of a one-
day seminar. The authors decided that three cases should be sufficient to achieve both goals.

3. Research Phase 0- Field-problem Framing

This section briefly presents how the field problem and its potential causes were identified during the
first phase of the design science research process. As already mentioned, during this research phase
we studied two PTs of electronics from the domestic site of a Norwegian multinational producer
(Sender) to a domestic electronics supplier. During the workshop-interviews (see Section 2), the in-
formants from Sender and the supplier agreed that during the two studied PTs they experienced sub-
optimal supply performance results in the form of excessive start-ups, scrap-rates and inventory levels
(i.e. the field problem). During the first PT, which was also the first PT project between Sender and
the Norwegian supplier, as the Norwegian supplier could not achieve a steady state of production,
Sender had to re-relocate the production to a supplier in a low-cost country. The supplier’s informants
reported that they accepted to participate in the first PT because they were willing to initiate a close
collaboration with Sender, but eventually the transferred production turned out to be excessively
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labour-intensive and unprofitable for them. Overall, the informants’ responses indicated that the chal-
lenges they had experienced were caused by the lack of thorough preparation of the PTs and of risk
management, because of a lack of established PT procedures that they could apply. Moreover, as the
existing research shows (see Section 1), the challenges described by the informants are common for
many companies. In addition, just as the informants reported, there is a lack of established PT-
preparation procedures in the literature, based on which the production can be adapted to the receiver’s
environment (i.e. not ‘copy exactly’). Thus, it determined that a PT-preparation procedure based on
risk management principles could address both the field problem and the literature gap. Note that a
detailed description of the two PT cases is provided in the authors’ earlier papers (Sjobakk et al., 2016,
Mogos et al., 2016).

4. Research Phase 1- Procedure Incubation

This section presents the preliminary version of the PT-preparation procedure based on risk manage-
ment principles. First, it is shown how the supply chain risk management theory can be applied during
PTs. Second, there are presented the potential preventive actions identified in the PT literature and it
is explained how these actions have been synthesized into the preliminary procedure.

4.1. The Relationship between the Supply Chain Risk Management Theory
and PTs

The Supply Chain Risk Management literature shows that in general a risk management process is
organized into three steps: risk identification, risk assessment, and risk mitigation (Kern et al., 2012,
Bode and Wagner, 2009, Kleindorfer et al., 2005). The risk management process depicted in Figure 3
is used as the starting point for how the preventive risk mitigation during PTs is viewed in this re-
search.

First, one should proactively identify potential supply chain disruptions, as well as the risk sources
triggering these disruptions and their consequences (losses) (McCormack et al., 2008) (step - risk
identification, Figure 3). In other words, one should address the question ‘What can go wrong?’ A
supply chain disruption is an abnormal situation in comparison to every-day business, which leads to
negative deviations from certain performance targets and can result in losses for the affected compa-
nies (McCormack et al., 2008). Examples of possible supply chain disruptions during PTs are material
shortages (Fredriksson et al., 2015), fires (Norrman and Jansson, 2004), machine breakdowns and
quality non-conformances (Almgren, 1999). Risk sources are tangible or intangible elements, which
alone or in combination with other risk sources have the intrinsic potential to give rise to supply chain
disruptions (Norrman and Jansson, 2004). Examples of risk sources during PTs are the transfer-parties
experience with PTs, receiver’s experience with similar production, the complexity and maturity of
the transfer object (Tatikonda and Stock, 2003), the relation and geographical closeness between the
transfer-parties (Terwiesch et al., 2001), and the motivation of the sender’s personnel (Fredriksson et
al., 2014). For instance, a risk-source such as a receiver’s inexperience with the transferred production
equipment can trigger machine breakdowns and consequent capacity deviations. Furthermore, these
breakdowns may eventually lead to significant losses, such as the receiver’s inability to deliver on
time (Chopra and Meindl, 2013, Fredriksson et al., 2015).

Second, the risk level should be assessed qualitatively or quantitatively, based on the likelihood of
each potential supply chain disruption and its negative impact on performance (step 2- risk assessment,
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Figure 3: The risk management process during production transfers (based on Kern et al. [2012] and
McCormack et al. [2008])

Figure 3). The supply chain disruptions can be visualised in a risk matrix with the dimensions proba-
bility of occurrence and negative impact. The matrix should clearly display supply chain disruptions
with the risk level that is unacceptable for the companies (McCormack et al., 2008).

Third, actions aimed at mitigating the risk of those supply chain disruptions with an unacceptable risk
level should be identified and implemented (step 3- risk mitigation, Figure 3). However, this should
be only done after a cost-benefit analysis for the alternative risk-mitigation actions. Risk mitigation
strategies during PTs include:

1) removing the risk source (e.g. by not changing sub-suppliers during Start-up to avoid the
increased risk of quality deviations, as seen in Aaboen and Fredriksson [2016]);

if) implementing preventive actions to reduce the likelihood of supply chain disruptions (as seen
in Minshall et al. [1999]);

iii) implementing corrective actions to reduce the losses caused by supply chain disruptions that
could not be avoided (as seen in Madsen [2009]).

iv) accepting the risk (Zhu et al., 2001);
v) sharing the risk (Zhu et al., 2001).
As illustrated in Figure 3, the preventive- and corrective actions are barriers between risk source(s)

and the unwanted supply chain disruption, and between the disruption and losses. Finally, the
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performance level should be continuously monitored to promptly identify deviations and implement
risk-mitigating actions (Kern et al., 2012, McCormack et al., 2008).

4.2. Potential Preventive Actions during PTs

The potential preventive actions (referred to as 4 no.” in Appendix 2) identified in the PT literature
are synthesized into the preliminary version of the PT-preparation procedure, as presented in Appen-
dix 2. All the preparatory actions can mitigate the likelihood of supply disruptions (Norrman and
Jansson, 2004, ISO, 2009) during the Execution and Start-up phases of the PT (see Figure 1). Thus,
all the preparatory actions identified in the PT literature were included in the procedure. The actions
are classified into the following categories: Organisation and Project Management (C1, Appendix 2),
Quality Management (C2), Knowledge Transfer (C3), Transfer of Administrative Systems (C4) and
Supply Chain Transfer (C5). C3, C4 and C5 are based on Fredriksson and Winstrom’s (2014) classi-
fication of PT activities, whereas C1 and C2 are added based on WHO’s (2011) recommendations.
The procedure suggests a certain sequence of the actions which is based on descriptions of the PT
process from the literature. Nevertheless, the exact sequence of the actions is expected to vary from
case to case. The preventive actions from each category are described below.

Organisation and Project Management (C1). This category comprises two types of actions that send-
ers and receivers should implement. The first type are actions for establishing the PT organisation (i.e.
creating a project-team and any other necessary sub-teams). The project-team should include a general
coordinator for the entire project, and both transfer-parties should assign one project manager to the
transfer (A1, Appendix 2). Moreover, all the disciplines affected by the PT should be represented, and
the team members should have clear roles and responsibilities. According to the Supply Chain Coun-
cil, these factors are essential for risk management (McCormack et al., 2008). Moreover, the PT pro-
cess adds new responsibilities to existing job positions. This should be clearly communicated to the
affected personnel, and appropriate skills and capacity levels should be ensured (McCormack et al.,
2008).

WHO (2011) recommends creating a cross-locational risk management team with representatives
from both PT parties (A4). In line with the Supply Chain Council, if the sender and receiver have two
separate risk management teams, their risk activities should be always aligned (McCormack et al.,
2008).

The second type of actions in the Organisation and Project Management category (C1) are related to
project management. A project start-up meeting should be organized as early as possible during the
PT process and should include representatives from both transfer-parties and all the affected disci-
plines (A5). During this meeting, the transfer-parties should explain the reason for the transfer, discuss
what performance outcomes are expected and clarify the business relationship between them (Dudley,
2006, McBeath and Ball, 2012).

Furthermore, if the transfer parties had not signed a formal agreement prior to the PT process, they
should do this during Preparations. For this, the transfer-parties should evaluate the regulatory require-
ments (e.g. import duties and quotas) in their countries and in any country where the product is to be
delivered (A6). Some of the issues that the agreement should include are emphasized in the Supply
Chain Risk Management literature, including the specifications about profit sharing, the risk assumed
by each transfer party (e.g. who pays for obsolete and scrapped materials), the PT personnel’s rights
to access information containing ‘intellectual property’ (IP) and the specifications about product own-
ership (McCormack et al., 2008, Chopra and Meindl, 2013). For instance, the sender could maintain
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ownership of the transferred equipment with a high IP value (Chopra and Meindl, 2013).

Other elements that the transfer-parties should agree on are the expected performance targets (e.g. key
performance indicators [KPIs]) and how to continuously monitor them at the receiver (A7). Examples
of performance indicators that could be monitored during Start-up are measures of first pass yield,
process induced failures, test time, tact time, downtime and overall equipment effectiveness (OEE)
(Terwiesch et al., 2001, Almgren, 1999). The continuous monitoring of performance is also important
according to the Supply Chain Risk Management literature, as it facilitates the detection of supply
disruptions and the prompt implementation of corrective actions (Blackhurst ez al., 2008). The moni-
toring of the production risks during the Start-up could be done through the ERP planning system. In
addition, the transfer-parties can use a ‘watch-out’ list of precursor supply disruptions (McCormack
et al., 2008). Furthermore, certain types of agreements can reduce the supply risks. For instance, stra-
tegic agreements could ensure a continuous supply in the event of capacity constraints at the receiver,
and a ‘joint product design and delivery’ with the receiver could reduce the risk of quality non-con-
formities and supply shortages (McCormack et al., 2008).

Other Project Management actions are to prepare a thorough PT plan and to hold regular status meet-
ings with the project team (A9-A10). Furthermore, whenever possible, PTs should be carried out dur-
ing periods with lower customer demand (A14), and the production volume at the sender should be
only gradually decreased as outputs increase at the receiver (A13). This implies having parallel pro-
duction activities at the sender and receiver for a certain period. In this way, the sender would act as
a secondary supply source in case of shortages (McCormack et al., 2008).

Apart from the Project management plan, the PT parties should prepare a Communication plan (A12).
By providing information about whom to contact when problems arise and how, this plan facilitates a
prompt response to disruptions. In addition, the Communication plan should describe crisis scenarios,
the media-relations strategy during crisis events and the corrective actions identified when performing
the risk assessment (McCormack et al., 2008). When preparing the Communication plan, the impact
of confidentiality on the open communication of technical and risk matters should be addressed (Dani-
lovic and Winroth, 2005, WHO, 2011).

All the PT documents should be gathered into one common directory, also known as Transfer Protocol
(A11), and the directory should be continuously updated.

Quality Management (C2). First, the sender should evaluate the receiver’s readiness (A 15, Table 3),
which is highly relevant for risk identification (step 2, Figure 3). Examples of risk-sources are the
qualification of the manufacturing and packaging rooms and of the equipment, the quality-control
procedures (WHO, 2011) and the personnel’s production-capability (Malm et al., 2016). One method
that could be useful for this evaluation is the Gap Analysis, as it highlights the capability gaps between
the transfer-parties (Malm et al., 2016, WHO, 2011). Other risk-identification methods are SCOR-
mapping, Value Stream Mapping (VSM), surveys, site visits at supply-chain partners, the Delphi-
method with experts from the organisation, a review of historical problems with a high risk of recur-
rence and a review of supply disruptions from other organisations (McCormack et al., 2008). Useful
tools include checklists of risk-sources and Gantt charts, which help identify bottleneck processes
(McCormack et al., 2008).

The second action in this category, the Transfer risk-assessment (A16), is related to the Risk-assess-
ment steps in Figure 3 (steps 2—4). As Figure 3 indicates, the risk-sources identified when evaluating
the receiver’s readiness (see A15) should inform the Risk-analysis, together with any other relevant
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risk-sources. For instance, the PT parties should assess the risk related to the customs clearance e.g.
to ensure that shipments are allowed outside or inside the receiver’s country (Minshall et al., 1999).
Suggested tools for the risk-assessment are qualitative and quantitative electronic spreadsheets that
contain information about risk-sources, risk-analysis and evaluation, as well as mitigation actions and
their impact (McCormack et al., 2008).

Risk-mitigation, the last step in Figure 3, involves the identification and implementation of preventive
and corrective actions to mitigate risks of supply shortages (A17). Prior to PT Execution, the transfer-
parties should select and implement preventive actions to avoid material shortages. Such actions in-
clude building up safety-stock, arranging safety capacity, over-planning and adjusting safety lead-
times. Preferably, more than one preventive action should be implemented. Corrective actions that the
transfer-parties could plan during Preparations and implement in case of material shortages are sub-
contracting, expediting part delivery, re-scheduling, overtime and express transports. (Fredriksson et
al., 2015)

The last action in the Quality Management category, improving the transferability of the transfer ob-
ject (A18), is also related to the Risk-mitigation step in Figure 3. Several scholars recommend miti-
gating the PT risk by adapting the production system (i.e. production technologies, methods and pro-
cesses) to the receiver’s production environment (e.g. (Madsen, 2009, Grant and Gregory, 1997a).
The adaptations can span from minor changes, such as translating documentation, to more significant
changes, such as changing components to cope with the new sub-suppliers’ capabilities. After signif-
icant adaptations, the sender should pilot the new processes to ensure appropriate performance levels
(Minshall et al., 1999).

Knowledge Transfer (C3). This category includes preventive actions related to training and other in-
teractive activities between the PT parties. Naturally, the sender and receiver should start by preparing
a training plan (A19), whose starting point should be the receiver’s evaluation (see A15) (Malm et al.,
2016). The training should include the transfer of personnel from the receiver to the sender’s site for
‘hands-on’ training and the fine-tuning of the production processes (Terwiesch et al., 2001) (A20).
For certain types of knowledge, one could use lower-cost training means, such as videotaped reviews
of the production processes and photographs (A21). Other activities that could improve the receiver’s
performance include VSM or Root Cause analyses (RCA) (A23).

Furthermore, a Change Control process by which proposed engineering and other changes are vali-
dated should be always implemented at the receiver (A22). Finally, Knowledge Transfer is a corner-
stone of the PT; hence, it is recommended to verify its outcomes (A24). This could be ensured by
probing the receiver’s knowledge about the processes and by requiring the receiver to run the opera-
tion autonomously for a defined period prior to Start-up (McBeath and Ball, 2012).

Transfer of Administrative Systems (C4). This category includes preventive actions related to the trans-
fer of necessary documentation from the sender to the receiver and the preparation of the planning and
control systems (A28, A30). Before transferring the documentation, overviews of what documentation
is needed for the production and of required items, means of transfer and lead times should be pre-
pared. One should also specify if any equipment purchase is required and its approximate cost. There-
after the documentation should be updated and translated, and missing documentation should be cre-
ated (A25). Furthermore, the sender should provide required HSE information to the receiver, such as
the information needed for emergency planning (A27).

The receiver should always review received information and notify the sender about any
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incongruences with their production environment (i.e. their facilities, systems, capabilities, testing
methods and equipment) (A28). Then, operating procedures and other necessary documentation
should be prepared based on the sender’s documentation (WHO, 2011). Moreover, the planning and
control systems, such as the ERP, should be updated based on robust forecasts and other data (A29-
A30).

Supply-chain Transfer (C5). The main action in this category is to ensure the necessary relationships
to sub-suppliers of materials, parts, etc. (A31). This often means that new agreements are signed with
both existing and new sub-suppliers. Sometimes, the transfer-parties change the sub-suppliers to more
advantageous ones (e.g. to suppliers near the receiver) to reduce logistics and other production costs.
However, it is also common that transfer-parties maintain existing sub-suppliers during the PT to
avoid introducing new risk-sources connected to the quality of the supplies (Aaboen and Fredriksson,
2016).

5. Research Phase 2- Procedure Refinement

This section describes how the PT-preparation procedure from Appendix 2 was refined with the case-
company into the final procedure presented in Appendix 3. First, the offshoring PT case is introduced.
Second, it is described how the procedure was implemented during the PT-phase of the studied off-
shoring and refined during workshops with PT personnel from both Sender and Receiver. Finally, it
is presented how PT practitioners from other companies and industries verified the procedure by ap-
plying it to three distinct PT examples with which they had broad experience.

5.1. Introduction of the PT case

Sender was the same as in the two exploratory cases in Phase 0 (Section 3), the domestic production
site of a large Norwegian producer. Receiver was the Spanish site of a subsidiary of the Norwegian
producer. The case company is briefly described in Table 3.

Table 3: A description of the case company

Main case company | Norwegian technology company
Industry Maritime supply

Area served Global

No. of employees Ca. 4000

Revenue Ca. 1000 million EUR

Sender Production site in Norway
Products Electronics

Core competency Innovative products

Product variety Ca. 1000

Product volumes Usually less than 1000 items
Receiver The Spanish production site of a subsidiary
Transfer object Acoustic sensors

The companies were part of and international technology group, which was a market leader within the
production of advanced maritime electronics. Sender and Receiver had been experiencing good col-
laboration for over 20 years and had transferred one assembly process between them before. In the
spring of 2016, Sender and Receiver decided to offshore the manufacturing of a product family with
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4 acoustic sensors and 9 variants from Norway to Spain.

Over the years, Receiver had developed a large customer network that Sender wanted to access. By
transferring the production to Receiver, the customer delivery time was expected to decrease. The
labour costs in Spain were lower than those in Norway, which was an advantage for the transferred
products, as they required a high level of manual labour. Nonetheless, Sender only expected moderate
profit margins and thus had to manage their resources carefully.

Moreover, because Receiver’s area was known for its Material Technology specialists, Sender also
transferred part of the development activities, and Receiver was commissioned to develop a new ma-
terial for the transferred products. To this end, Receiver employed a Material Technology researcher.
Moreover, to cope with the increasing amount of production activities, Receiver needed to move to a
larger building, and this building’s layout had to be modified. In addition, Sender’s ERP production
module had to be implemented at Receiver before Start-up. These processes added several extra ac-
tions to the PT procedure (further details in Section 5.4).

Although Sender had transferred production several times before, they had yet not achieved satisfac-
tory start-up times, inventory levels and scrap-levels during PTs (see Section 3). Therefore, together
with Receiver, Sender decided to participate in the Procedure Refinement process and develop a thor-
ough procedure for PT preparation.

5.2. The Refinement of the Procedure during the PT to Spain

The preliminary procedure from Appendix 2 was implemented during the above-described PT, and it
was evaluated, tailored to the PT-case and refined 7 times in total. For this purpose, 19 workshops
were organised in which Sender and Receiver’s PT personnel participated either live or via video. The
Procedure Refinement process is presented in detail in Appendix 1, along with data collection meth-
ods, the date when the data was collected, main events during the Procedure refinement activities and
workshop participants.

Prior to the first workshop with Sender and Receiver’s personnel, the preventive actions from Appen-
dix 2 were transferred to an Action plan prepared in Excel (Id.2, Appendix 1). The headlines of the
Action plan are presented in Figure 4, with an example of how the actions were evaluated during the
workshops. During both the live-workshops and the videoconferences, the Action plan was projected
to a common screen. The workshop-participants were asked to evaluate whether the preventive actions
had low, medium or high-relevance for the studied PT. Consensus was achieved on each action before
proceeding to the next. For those actions evaluated as having low relevance, the participants were
asked to provide explanations. For medium or highly relevant preventive actions, the participants were
asked if the actions had been implemented (Status) and whether any sub-actions were needed to im-
plement them (Open action) or not (Closed action). If necessary, new sub-actions were identified,
together with their action-responsible (Owner), start date, end date, amount of working days and Gantt
chart. Sender and Receiver’s personnel easily embraced this meeting format, maintaining it through-
out the entire Procedure Refinement process.

As seen in Appendix 1 (Id.8-10), the procedure inspired Sender’s personnel to schedule a Transfer
risk-assessment (see Figure 3). For this, the lead author added two tools to the Action plan: one to
assess the risk and one to plan the communication during the PT (A12 and A16, Table 2). Based on
the Job Safety Analysis (as in (Rausand, 2013) and on Supply Chain Council’s recommendations
(McCormack et al., 2008), the Sub-action column (see Figure 4a) was replaced with a number of new
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columns (the columns from Figure 4b). The risk-assessment columns (light grey columns in Figure
4b) contained items that were meant to aid in breaking down the preventive actions into sufficiently
detailed sequences of steps, as well as in identifying what could go wrong during each step (i.e. supply
disruptions), including risk-sources, potential losses, the risk-level and the residual risk after imple-
menting the identified sub-actions (Rausand, 2013). The items in the Communication plan columns
(darker columns in Figure 4b) were aimed at helping the Risk-assessment participants identify what
information was necessary to implement the sub-actions, where the information could be found, and
if the information did not exist, when it had to be ready (McCormack et al., 2008).

Eventually, Sender’s personnel transferred the data in the Action plan to an Excel template (presented
in Figure 4c) they had prepared (Id. 14, Appendix 1). It can be seen that Sender’s personnel assigned
risk levels to the preventive actions (activities in this template). Actions evaluated as indispensable
for the ability to produce during Start-up were assigned a high-risk level, whereas other actions were
assigned medium- or low-risk levels. Moreover, a Plan-Do-Check-Act tool was included in the tem-
plate, indicating to what extent the actions had been implemented (i.e. planned, executed, checked, or
completed and documented). Several documents were also included in the template as separate Excel
sheets, which contained user-instructions, an overview of the transferred product-variants, the PT or-
ganisation chart, a record of the status-meetings, as well as project milestones and their deadlines.

The milestones included central actions for the PT project that needed to be implemented in a certain
order. Sender and Receiver identified three project milestones as the most important:

e  Milestone 1
- Verify shipping requirements
- Plan for overproduction to cover needs during Execution and Start-up phases
- Make robust forecasts (of start-up time, new lead times, new quality levels, etc.)
- Update the Planning and Control systems (ERP)
- Verify the readiness of the test system for the transfer (software, equipment,
documentation, access rights to the sender’s systems, etc.)
- Verify Knowledge Transfer at Receiver (e.g. check documentation)
e  Milestone 2
- Sender and Receiver jointly develop a training plan
- Prepare documentation for the newly developed material
- Establish relationships to sub-suppliers of raw materials and parts
e  Milestone 3
- Validate Receiver’s facilities
- Validate the purchasing, warehousing and receiving structure at Receiver

Furthermore, as shown in Appendix 3, two separate sheets with the actions during the Execution and
Start-up phases were added to the template. These Excel sheets had a similar structure to the Action
plan for the Preparation phase. The Execution and Start-up processes were developed by the lead
author during the same 3-year research project as the Preparations process. The new template with all
the different sheets was given the name ‘TAP’ (Transfer Action Plan).

The first time the Action plan-responsible (from Sender) used TAP during status-meetings with the
PT organisation, the plan worked smoothly and helped the company to prepare the PT thoroughly.
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Moreover, the plan continued to do so for the next year when the lead author followed the PT (Id. 17-
19, Appendix 1). In April 2018, at the end of the in-depth study the authors conducted an evaluation
of the users’ experience (Id. 20, Appendix 1). Key informants from Sender and Receiver were inter-
viewed about their experience with the PT-preparation procedure and its implementation. Prior to the
interviews, the authors sent a questionnaire to the informants and their answers were used as a starting
point for the interview discussions. In the questionnaire, the informants were mainly asked to evaluate
the utility of the procedure and its implementation (in the form of an action plan), as well as the Start-
up time and delivery precision compared with the two transfers to the Norwegian supplier (see Section
3) and to the previous transfer to Receiver (see Subsection 5.1).

The Project Owner (from Sender) reported the following: “There is no doubt that the methodology we
have followed during the transfer to Spain has been very useful and an appropriate procedure and
method to follow. [...] The activities in the procedure are very important and the production transfer
processes benefit a lot of such process tools.” Furthermore, the Action plan-responsible (Sender) and
the QA & Risk Manager (Sender) reported that the PT procedure ensured that important preventive
actions were implemented, and it reduced the amount of disruptions. Moreover, Sender’s key inform-
ants reported that the Start-up had been relatively short, compared to earlier PTs, and the on-time
delivery better.

Receiver’s personnel expressed their satisfaction with how TAP worked, too. Receiver’s Production
Manager (also responsible for quality assurance, risk and Lean) wrote in an e-mail sent to the lead
author: “without the transfer plan, the sonars transfer would have been more complicated”. The Pro-
ject Manager (from Receiver) also made similar remarks on several occasions throughout the PT.
Almost at the same time as the studied PT case, Receiver was taking on the production of another
product offshored by Sender. According to the Project Manager and to the Production Manager, alt-
hough the PT to Spain was more complex than the other PT, due to the use of the action plan, the
tempo of the PT to Spain was considerably faster, and Sender’s assistance was more substantial and
timely.

5.3. The Verification of the Procedure

As described in Section 2, during a seminar in March 2017 three international practitioners with ex-
tensive experience with PTs (see Table 2) applied the PT-preparation procedure (Appendix 2) to three
distinct PTs. Note that the preventive actions added by Sender and Receiver (in italics in Appendix 3)
were appended to the procedure that the practitioners applied.

The verification process was conducted using an electronic questionnaire, which was administered to
the practitioners. The questionnaire mainly consisted of questions related to the relevance of each
preventive action for the selected PT-examples (‘no or low relevance’, ‘medium relevance’ or ‘high
relevance’). The practitioners’ evaluations of the actions are included in Appendix 2 (the literature-
based actions) and Appendix 3 (the actions added by Sender and Receiver). Based on the data in these
appendices, the authors calculated the percentage of actions that were evaluated as having low/me-
dium/high relevance per PT-example. The results are listed in Table 4, along with a brief description
of the PT-examples. As this table shows, each PT-practitioner evaluated ca. 2/3 of the actions as highly
relevant. In total, 94.62% of the actions were evaluated as highly- or at least medium relevant.
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Table 4: The evaluation of the procedure actions’ relevance for 3 distinct production transfers

Example A Example B Example C

Production Transfer characteristics

Sender Swedish subsidiary of | Finish production site | Swedish production

a large food company | of a large technology | site of a large aircraft
producer producer

Transfer object Production line for Thruster production Aircraft structural
bread production

Receiver Subsidiary in Estonia | Subsidiary in China External supplier in

India

Actions with low/medium/high relevance per production transfer [%]

Low-relevance 6.45 3.22 6.45

Medium-relevance 19.35 32.26 16.13

High-relevance 74.19 64.52 77.42

5.4. The Refined Version of the Procedure

The final version of the PT-preparation procedure that emerged from the Procedure Refinement pro-
cess (Section 4.2.) is presented in Appendix 3. Furthermore, Appendix 2 and Appendix 3 also presents
how Sender and Receiver evaluated the potential preventive actions during the workshops and how
they evaluated the risk of the actions in the TAP plan.

During the Refinement process, 18 new preventive actions were added to the procedure (in italics in
Appendix 3). Several of these actions could be rather case-specific, such as the modification of the
layout in the newly bought premises (A12*; Appendix 3) and the development of the new material
(A23*, A24%*; Appendix 3). The other actions that were added (e.g., A5.2*, A10.1*, A14* Al4.1%,
A22* and A22.2*; Appendix 3) and the two new action categories (7est and HSE) are of a rather
general nature, and should be applicable to other PT cases. For instance, A22*, which refers to veri-
fying that all the preparation actions are closed before preceding to the Execution phase, could be
useful during any PT case.

Six of the potential preventive actions identified in the literature (Section 3.2) were not included in
the TAP plan (A3, A9, A12, A13, Al14, A18; Appendix 2), in most cases because they were addressed
or replaced by other actions. For instance, A9 was removed because the TAP plan fulfilled the function
of a project management plan.

In the same way as in Subsection 5.3, based on the data in appendices 2 and 3, the authors calculated
the percentage of actions that Sender and Receiver evaluated as having low/medium/high relevance,
and low/medium/high risk level. The results are listed in Table 5. During the earlier stages of the
Procedure Refinement process, the participants evaluated most of the preventive actions in the PT-
preparation procedure as having high-relevance for the transfer to Spain (77.41%, or 24 out of 31).
However, later during the research process, when the TAP plan was created and the action owners
were appointed, only 25.8% of the same actions were considered to be indispensable for the ability to
produce during Start-up, and were thereby assigned a ‘high-risk level’ (see Subsection 5.2). Therefore,
only 22 out of 31 actions were transferred to the TAP-plan and assigned risk levels.

As earlier mentioned, Sender and Receiver added 18 new preventive actions to the PT-preparation
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Table 5: The evaluation of the relevance of the procedure actions for the in-depth case

Production Transfer characteristics

Sender Norwegian production site of a large electronics producer
Transfer object Sensor production
Receiver Subsidiary in Spain

Actions with low/medium/high relevance [%]

Low- relevance 19.35
Medium- relevance 3.22

High- relevance 77.41
Actions with low/medium/high risk level [%]
Low-risk level 0
Medium-risk level 45.16
High-risk level 25.8

procedure (see Appendix 3). The PT-practitioners evaluated all of these actions but two, as highly- or
medium relevant for the PT-examples. The PT-manager evaluated A10.1* (verifying shipping require-
ments, e.g. customs requirements and trade agreements applicable when shipping from the sender vs.
the receiver) and A21* (ensure that the equipment to be transferred is registered and marked with the
sender’s property) to be little relevant for the offshoring to China. For instance he evaluated A10.1*
as little relevant because “international shipping and customs are generally straightforward except
for few special locations .

Finally, 77.55% (38 out of 49) of all of the preventive actions (the actions in Appendix 2 and those
added by Sender and Receiver in Appendix 3) were evaluated to either have high- or medium-rele-
vance for the four PTs studied. Sender, Receiver and the PT-practitioners unanimously evaluated 16
of these to have high-relevance (Table 6).

6. Research Phase 3- Explanation

In this section, the significance of the results from the Procedure Refinement phase are interpreted in
light of the paper’s purpose, and the results are compared with those of earlier research.

The purpose of this paper was to develop a procedure for a thorough preparation of PTs that should
aid companies in preventively mitigating the risk of supply chain disruptions during PTs and thereby
meeting their targeted performance results during production relocations. The PT-preparation proce-
dure (Refined Procedure in Appendix 3) was developed during a 3-year design science study. First, a
preliminary procedure was developed based on preventive actions from the PT literature. Through the
supply chain risk management lens, all the salient preparatory actions in the PT literature were re-
garded as preventive actions and included in the procedure, as all of them can mitigate the likelihood
of supply chain disruptions (Norrman and Jansson, 2004, ISO, 2009) during the Execution and Start-
up phases. Thereafter, the procedure was thoroughly validated by both Sender’s and Receiver’s per-
sonnel involved in the PT to Spain and by international PT-practitioners.
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Table 6. Actions that the informants unanimously evaluated to have high-relevance

Id. Preventive actions

Al Establish a project team with project managers and representatives from all the disciplines affected
by the transfer and from both the sender and receiver. Assign a general project coordinator. Clarify
the role and responsibilities of each member

AS Organize a project start-up meeting with the sender’s and receiver’s personnel involved in the trans-
fer. Announce the object of the transfer, reasons for the transfer, the relationship between the sender
and receiver, expected performance targets, etc.

A9 Prepare a project management plan

All Create a Transfer Protocol that includes all the transfer documentation and is easily accessible to
all the sender and receiver’s personnel involved in the transfer. The protocol should be continuously
updated

Al5 Evaluate the receiver’s readiness with regards to facilities, equipment and support services (e.g. by
a Gap Analysis)

A16  Assess the transfer risk. Include customs clearance and material supply risks

Al17 Identify and implement preventive actions to mitigate the risk of supply shortages (e.g. safety stock
and safety capacity). Identify corrective actions to mitigate the risk of supply shortages (e.g. over-
time and express transports)

A24 Verify Knowledge Transfer at the receiver (e.g. check documentation, test personnel)

A25 Prepare a list of items and documentation to be transferred. Specify transfer mechanisms, if pur-
chases are required, costs and lead-times to the receiver

A26 Review, update and create missing documentation. Translate documentation, if necessary

A29 Make robust forecasts (of start-up time, new lead times, new quality levels, etc.)

A30 Update the planning and control systems (e.g. ERP)

Al14*  Validate the receiver’s facilities (after the implementation of sub-actions for improving the re-
ceiver’s ‘readiness’ for transfer)
A27* | Send personnel from the sender to the receiver to perform training on testing methods
A32*% | Implement ERP at the receiver. Train the receiver’s personnel on ERP use
A32.1* Verify that ERP is functional at the receiver

The PT-practitioners verified the procedure by applying it to three PTs with which they had worked
(see Table 4). The main purpose of the verification was to corroborate how relevant the procedure was
for PTs with contrasting characteristics compared to the PT to Spain. Thus, the three selected PTs
belonged to different industries (food-, power technology- and aerospace-production) and had been
conducted between different countries. While all of the senders were located in Nordic countries, the
receivers were located in three distinct geographical areas (Estonia, China and India). Furthermore,
PT-A and PT-B were part of offshoring processes, while PT-C was part of an outsourcing. In addition,
the complexity of the transfer object varied across the PTs, including both ‘simple’ transfer objects (a
production line for bread) and complex (aircraft production). As shown in Table 5, despite of these
differences between the PT examples, each PT practitioner evaluated 94.62% of the actions as highly-
and medium relevant. 74.19% of the preventive actions were highly relevant for the food production-
PT, 64.52% for the power technology-PT, and 77.42% for the aerospace-production PT. This indicates
that the PT-preparation procedure should be useful for different types of production-relocations and
production industries.

The refined PT-preparation procedure informs the risk assessment during the PT-risk management
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process (step 2 in Figure 3). To reduce the likelihood of potential supply chain disruptions with an
unacceptable risk level, PT-practitioners should implement all the preventive actions in the procedure,
which they deem relevant (e.g. based on a cost-benefit analysis). The preventive actions should be
implemented in the early phase of PTs. Moreover, based on the Procedure Refinement process (Sub-
section 5.2), practitioners should break down the actions as much as practically needed when applying
the PT-preparation procedure.

Furthermore, the procedure developed in this paper should not only be used during PT Preparation
but also during the Relocation-decision and the Supplier-selection phases (see Figure 1) as an example
of what the preparation of a PT implies (e.g. the amount of actions the sender and receiver must im-
plement). For instance, the procedure could inform a Total cost analysis of producing in-house vs. at
a supplier (Fredriksson, 2011). If the cost of the PT exceeds the benefits, it may not be worth proceed-
ing with the relocation process.

To the authors’ knowledge, the procedure proposed in this study is the first PT-preparation procedure
based on risk management principles, which arguably addresses all the risk areas during the Prepara-
tion phase. As earlier mentioned, although many production relocation procedures exist, only few of
them address the PT process. The existing PT procedures either provide a rather vague overview of
PT activities (e.g. Momme and Hvolby [2002], Zeng [2003]) or they only focus on certain parts of the
PT process. The PT-scholars have hitherto focused on the physical transfer of equipment and inven-
tory (e.g. Kowalski et al., [2018], and Tatikonda and Stock [2003]), on the knowledge transfer
throughout all the PT phases (e.g. Madsen [2009], Malm et al. [2016], and Cheng et al. [2010]), and
on the transfer of sub-suppliers (e.g. Aaboen and Fredriksson [2016], and Fredriksson and Wianstrom
[2014]). The PT-literature only recently started to pay more attention to the transfer of administrative
systems (Fredriksson and Wénstrom, 2014, Fredriksson et al., 2015), and to the organisation, project-
and quality-management (WHO, 2011). The authors argue that these areas are as important for the
success of the PTs and of production-relocations as the physical- and knowledge-transfers are. Fur-
thermore, although some of the PT scholars acknowledge the importance of managing the risk during
PTs, Fredriksson et al. (2015) is the only identified paper that explicitly recommends preventive ac-
tions during PTs. Nevertheless, this paper focuses on the preventive actions that may be necessary to
avoid shortages of raw materials and components, which relates to part of the transfer of administra-
tive systems. Thus, the proposed PT-preparation procedure supplements Fredriksson et al.’s (2015)
procedure with the preventive actions related to organisation-, project- and quality-management,
knowledge transfer, supply chain transfer, and with other relevant administrative transfer-actions from
the PT-literature. Finally, this study addresses Busi and Mclvor’s (2008) call for production reloca-
tions frameworks developed by applying theoretical frameworks in a practical setting.

In the remainder of this section, there will be presented a few salient empirical findings for the Organ-
isation & Project Management, Quality Management, and Transfer of Administrative Systems, as
these preventive actions categories received limited attentions in the existing PT literature.

6.1. Organisation & Project Management

The Organisation & Project Management preventive actions resulted to be fundamental during the in-
depth study, facilitating the execution of the other preventive actions in the PT-preparation procedure.
Three salient examples are A1, A10 and A11 (Appendix 2).

Based on A1l in the PT-preparation procedure (Appendix 2), the transfer parties in the in-depth study
established a project team, defined the roles of the team members in the action plan (the TAP-plan)
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and named a Project Owner at Sender and a Project Manager at Receiver. However, the transfer-
parties did not name a cross-locational project manager, fearing that this additional management layer
could backfire on the information flow. Although later, the transfer-parties did name an action plan
administrator, his responsibilities were not clear to all the transfer-personnel. According to the admin-
istrator, “many are thinking that I'm the captain of this ship because I update the TAP, but I'm just
sitting with the map!”. Sometimes, transfer-personnel believed that the administrator was the PT-
manager while on other occasions action owners only closed their actions after he reminded them to
do so, or they even disregarded closing them. At the end of the in-depth study, informants from both
transfer parties acknowledged that a cross-locational project manager should have been named in the
early phase of the PT. This would have accelerated the transfer considerably. Furthermore, A1 was
unanimously evaluated as highly relevant by the PT-practitioners during the international seminar.

The existing PT-literature shows that dedicating employees to the PT (Fredriksson et al., 2015) and
having a project manager at the receiver’s site (Terwiesch et al., 2001) has a positive effect on the PT-
outcome. However, surprisingly, the PT-scholars have so far payed little attention to the role played
by the cross-locational project manager during PTs.

During the Procedure Refinement workshops, the participants evaluated that holding regular cross-
locational status meetings and sending meeting notes to all affected personnel after those meetings
was highly relevant for the transfer to Spain (see A10, Appendix 2). However, in a later phase of the
refinement process, Sender’s personnel assigned a ‘medium risk’ to this action, as it was not consid-
ered indispensable for the ability to produce during Start-up (see Subsection 5.2). At the end of the in-
depth study, Sender’s and Receiver’s informants reported that meetings had not been held regularly,
notes had not been sent to affected personnel and the tasks had not been sufficiently well coordinated.
The Action Plan-responsible (Sender) and QA & Risk Manager (Sender) reflected that during future
PTs, the action plan-responsible should meet the action owners (one department at a time) weekly or
every other week to update the plan. The meetings could be either physical or via videoconferences.
QA & Risk Manager and Project Owner (Sender) reported that holding frequent and regular meetings
with the receiver accelerated the transfer tempo and it was one of the success factors during an earlier
PT to an Asian subsidiary. Moreover, on several occasions Action Plan-responsible experienced that
the action-owners postponed their actions because other action-owners were late. Thereby, at times it
was difficult to comply with the PT schedule. Therefore, according to him, during future PTs the
action plan-responsible should hold general status meetings with the transfer-team once a month. Dur-
ing these meetings, the team should review whether relevant milestone actions (see Subsection 5.2)
are closed or not, and if the project is on track. As shown in Appendix 2, the PT-practitioners also
evaluated A10 as relevant. It was evaluated as highly relevant for the food industry- and aircraft trans-
fers and medium relevant for the thruster transfer. For the thruster-transfer, the PT-manager explained
that the sender relied heavily on expats working at their Asian subsidiary throughout the PT, one of
them being the manager himself. Thus, the cross-locational status meetings were less critical during
this PT.

These results provide support to Zhu et al.’s study (2001), which emphasizes that it might be appro-
priate to hold weekly status meetings during production relocations, and that meeting notes should be
sent to each action owner. In addition, the in-depth study shows that the transfer-parties could consider
organising two types of status meetings in order to economize working hours: weekly (or bi-weekly)
detail meetings with each department to review all their actions, and monthly general meetings with
the entire transfer team, to review the milestone actions.
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Creating a directory (also known as Transfer Protocol) for all the transfer documentation, which is
easily accessible to the entire transfer organisation and is continuously updated (A11, Appendix 2), is
one of the actions that was evaluated as highly relevant by both the Sender and Receiver’s informants
and the PT-practitioners. However, Sender’s personnel assigned a medium risk to A1l in the TAP-
plan, as they did not regard this action as indispensable for the ability to produce during Start-up. Even
though Sender’s personnel prepared an electronic directory and required the transfer-personnel to
store all the relevant documentation in that directory, later, informants from both parties reported that
the transfer personnel did not actively use this directory. Moreover, on several occasions, Receiver’s
informants reported late or missing documentation that lead to significant schedule disruptions. For
Production Manager (Receiver), the main challenge during the PT to Spain was to “receive the correct
information at the correct time”. Furthermore, apart from the Transfer Protocol, Sender used a product
lifecycle management-system for document handling. Nevertheless, Sender could not grant Receiver
the permission to access the transfer documentation in this system, as Sender could not protect the IP
connected to the documentation that was not related to the PT.

This empirical evidence supports WHO (2011) and Zhu et al.’s (2001) findings. According to these
authors, the PT directory should, among other things, include the PT’s objective and scope, a cost-
sharing agreement, the roles and responsibilities of the transfer personnel, the project management
plan, systematic instructions for all the tasks, a change control procedure, and an assessment of the
finished products. Furthermore, the in-depth study shows that Organisation & Project Management
activities such as A1l have a clear impact on the outcome of the administrative transfer, and of the
entire relocation project. A common directory with all the necessary transfer documentation that is
rigorously used by the sender and receiver’s personnel is a minimum requirement for a smooth transfer
of documentation and for systems integration (e.g. the sender and receiver’s production planning and
control systems). Moreover, it can significantly mitigate the risk of schedule disruptions and futile
costs.

6.2. Quality Management

Similar to the Organisation & Project Management actions, the Quality Management actions resulted
to be fundamental during the transfer to Spain. Moreover, the authors argue that these actions enable
or facilitate the achievement of expected supply performance targets during PTs. Two salient exam-
ples are A15 and A16 (Appendix 2).

Evaluating the readiness of the receiver’s facilities, equipment and support services (A15, Appendix
2), was assessed as highly relevant by both the Sender and Receiver’s informants and the PT-
practitioners. Moreover, Sender’s personnel assigned a high-risk level to A15, as they considered that
it was an indispensable action for the ability to produce during Start-up.

According to QA & Risk Manager (Sender), in the beginning of both the transfer to the Spanish sub-
sidiary and to the Asian one, Sender’s personnel focused very much on the knowledge transfer con-
nected to the transferred products. In his opinion, before starting with the knowledge transfer, Sender
should make sure that an appropriate quality management system is in place at the receiver; Sender
and their receivers need to have a positive “quality and safety culture”. Even though Sender evaluated
Receiver’s readiness for transfer soon after the kick-off, part of the necessary preventive actions were
implemented late during the Preparation phase (e.g. the warehouse routines). Thus, QA & Risk Man-
ager stressed that during future PTs, Sender should conduct a Gap analysis and implement necessary
actions in the very beginning of the PTs. Furthermore, Sender and Receiver’s personnel added one
related milestone action to the TAP-plan. This was A14* and it refers to the validation of the receiver’s
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facilities after the implementation of necessary sub-actions for improving Receiver’s ‘readiness’ for
transfer. The PT-practitioners at the international seminar unanimously evaluated A14* as highly rel-
evant (see Appendix 3).

These results are in line with Malm et al. (2016) and WHO’s (2011) recommendations about conduct-
ing a Gap Analysis in order to identify potential risk-sources at the receiver (the Risk Identification
step in Figure 3). According to WHO (2011), the risk-sources can be, among others, connected to the
manufacturing- and packaging-rooms, to the equipment and to the quality-control procedures.

Similar to A15, assessing the transfer risk (A16, Appendix 2) was evaluated as highly relevant by all
the informants. As earlier mentioned, A16 is related to the Risk Assessment step in Figure 3 and the
risk-sources identified when evaluating the receiver’s readiness (A15) should inform the assessment,
together with any other relevant risk-sources. During the transfer to Spain, both Sender and Receiver
conducted PT-risk assessments and added a series of sub-actions to the TAP-plan, to mitigate the risk
of potential disruptions. For instance, Sender’s personnel who had the experience of being retained at
the customs office “for two days” because they did not possessed all the required documentation for
the shipped equipment, stressed the need to carefully validate the transportation documentation of all
the equipment and inventory prior to the physical transfer. This payed off as no goods were stopped
at the customs office during the transfer to Spain.

Furthermore, Sender’s personnel added a separate category for the HSE actions and sub-actions in the
refined procedure (see Appendix 3), and the HSE actions were evaluated to pose a high risk for the
ability to produce during Start-up. To ensure that all the critical HSE risk-sources were identified and
the associated risk was properly mitigated, Receiver contracted an accredited HSE consultancy com-
pany to perform a comprehensive HSE assessment of the premises. No HSE disruptions (e.g. occupa-
tional accidents or chemical hazardous events) occurred during the construction project at the new
premises, the relocation from the old premises to the new ones, or otherwise during the in-depth study.

The findings are in line with Fredriksson et al. (2015) and WHO’s (2011) recommendation about
ensuring a thorough risk assessment and mitigation (step 2 and 3 in Figure 3) during production relo-
cations. Moreover, the results provide additional support to Minshall et al.’s (1999) findings about the
importance of assessing the risk related to customs clearance.

6.3. Transfer of Administrative Systems

The in-depth study showed that the administrative transfer actions should have received more attention
during the transfer to Spain. The authors argue that the integration of the sender and receiver’s systems
and the transfer of documentation is getting more and more critical in an era of increasing digitalisa-
tion.

During the transfer to Spain, the transfer-parties decided to implement Sender’s ERP at Receiver, as
Receiver’s planning and control system could not cope with the increasing production activities. Half
a year after signing the PT agreement, Sender started to implement the ERP at Receiver and provide
a thorough training to Receiver’s personnel on ERP use. Receiver’s informants reported that the ERP
implementation was a complex endeavour and one of the greatest challenges during the transfer to
Spain. Several of them meant that Sender and Receiver should have allocated more time to the imple-
mentation and initiated it earlier. Furthermore, the informants during this study unanimously evaluated
the ERP related actions as highly relevant. Both the literature-based actions (A29 and A30 in Appen-
dix 2) and the actions added by the Sender and Receiver (A32* and A32.1*; Appendix 3) were
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evaluated as highly relevant for the food-, thruster- and aircraft-PTs alike. This can indicate that the
implementation, update and verification of the ERP system, as well as the training of the receiver’s
personnel on ERP use are important and commonplace actions during production relocations of vari-
ous types.

These results are in line with Fredriksson et al. (2015) and Minshall’s (1999) findings about the im-
portance of updating the production planning and control systems during PTs. The transfer parties can
for instance update the customer order fulfilment strategy (e.g., made-to-order or made-to-stock), ma-
terials planning method (e.g., reorder point or Kanban), as well as the planning frequency, time fences,
and the planning periods (Fredriksson et al., 2015). Moreover, the planning data should be also up-
dated based on robust forecasts of e.g., start-up time, new lead times, and new quality levels (Fredrik-
sson et al., 2015, Minshall et al., 1999).

Apart from the ERP system, Sender implemented their test system at Receiver. Thereby, the transfer
parties added the Test category to the refined preparation-procedure. The actions included in this cat-
egory (A25*-A27*; Appendix 3) were related to the verification of the readiness of the test system for
transfer (software, equipment, documentation, access rights to Sender’s Test Data Management sys-
tem, etc.), the test update and the test training. The implementation of the test system only started at
the end of the Preparation and the informants reported that this led to a delay of several weeks. Thus,
similar to the ERP implementation, the Sender and Receiver’s informants acknowledged that the im-
plementation of the test should have been initiated in the earlier phase of the Preparation; the test
system was only to a limited extent dependent on the other preparatory activities. Furthermore, the
PT-practitioners during the international seminar evaluated the test actions as having high or medium
relevance for the three PT-examples. Thus, other PT-practitioners could also take into account the
Test actions during the Preparation phase, along with the actions related to the integration of the ERP
or other relevant systems at the receivers.

Another example of administrative transfer action that should have received more attention, in partic-
ular from Sender, was A26 (“Review, update and create missing documentation. Translate documen-
tation, if necessary”). All of the informants during this study evaluated A26 as highly relevant and
Sender’s personnel assigned it a ‘high-risk’ in the TAP-plan. However, as Sender only expected mod-
erate profit margins and had to manage their resources with extra care, instead of assigning personnel
to update the PT documentation prior to the training of the Receiver’s personnel at their site, Sender
decided to update it together with the Receiver’s personnel. Consequently, part of Receiver’s person-
nel had to travel to Norway frequently, and because of the relatively large distance between the sites,
the travel expenses came to represent a significant portion of the total PT cost. Had the Sender care-
fully reviewed and prepared the transfer documentation ahead of Receiver’s training, they could have
incurred significantly lower expenses. These results provides support to Fredriksson et al. (2015) and
Terwiesch et al. (2001) recommendations that the sender should update the transfer documentation
prior to training. Examples of documents that could be updated are drawings, product tolerances,
manuals, spare parts lists, and training aids (McBeath and Ball, 2012, Fredriksson et al., 2015, Ter-
wiesch et al., 2001).

6.4. A Framework for the Preparation of Production Transfers

Based on the findings from literature, the in-depth study and the survey during the international sem-
inar, the authors developed the basic framework in Figure 5. Its aim is to foster a common understand-
ing between the sender and receiver’s personnel, of the main types of preventive actions in the PT-
preparation procedure (the literature-based procedure in Appendix 2) and the relation between them.
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It should provide a basic structure that can be easily used to introduce the PT-preparation procedure
in the early phase of a PT. Each preventive action category includes a few examples of keywords
based on the PT-preparation procedure.

~ QUALITY MANAGEMENT
Receiver’s readiness-evaluation =
Transfer risk assessment = HSE =...

SUPPLY CHAIN TRANSFER

Establish relationships to sub-suppliers =...

ADMINISTRATIVE TRANSFER

Systems integration * Documentation preparation =...

SENDER
RECEIVER

KNOWLEDGE TRANSFER
Cross-locational transfer of personnel = Knowledge
transfer-verification =...

ORGANISATION & PROJECT MANAGEMENT
Cross-locational project manager = Regular status meetings * Common
document directory =...

Figure 5: Production Transfer Preparation framework

As previously mentioned, the PT-scholars have hitherto focused on the physical transfer of equipment
and inventory (the Execution phase), on the knowledge transfer and on the transfer of sub-suppliers.
The PT-literature has only recently started to pay more attention to the transfer of administrative sys-
tems, and to the organisation-, project- and quality management. According to Fredriksson et al.
(2014), if the senders and receivers regard the administrative-, supply chain-, knowledge- and physical
transfers as four distinctive parts of any PT, they are likely to allocate more resources to ensure each
and every of these transfers. Similarly, the authors argue that if the senders and receivers are aware of
the role played by the organisation-, project- and quality-management areas during PTs, it should be
easier for them to invest in these areas.

In the in-depth case study, most of the Organisation & Project Management preventive actions that
initially were regarded as highly relevant, were assigned a medium risk in the action plan, as the
transfer parties did not consider them as indispensable for the ability to produce during the Start-up
phase (see appendices 2 and 3). However, at the end of the in-depth study several of those actions
turned out to be more important than earlier though (e.g., holding regular cross-locational status meet-
ings [A10] and collecting all the transfer documentation in an electronic directory that is easily acces-
sible to the entire transfer organisation and is continuously updated [A11]). This suggests that when
PT-practitioners evaluate the Organisation & Project Management actions, they should be aware that
these actions could facilitate the execution of those actions that are indispensable for the ability to
produce during Start-up. For instance, an electronic directory that contains all the necessary transfer
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documentation and is rigorously used by the transfer personnel should be a minimum requirement for
a smooth transfer of administrative systems. Moreover, it can significantly mitigate the risk of sched-
ule disruptions and of futile costs caused by e.g., late or missing documentation. Finally, the findings
also indicate that practitioners should revisit the PT-preparations procedure several times as the rele-
vance of the actions may change throughout PTs.

Similar to the Organisation & Project Management preventive actions, the Quality Management- and
the Transfer of Administrative Systems actions emerged as key areas of attention during the PT to
Spain. The in-depth study showed that the Quality Management actions enable or facilitate the
achievement of expected supply performance targets during the PTs. Based on his experience with
the transfer to Spain and with another large offshoring to Asia, QA & Risk Manager (Sender) even
recommended that prior to knowledge transfer actions such as training, the transfer parties should
verify that an appropriate quality management system is in place at receiver. This should be done by
conducting a Gap analysis in the very beginning of the PTs in order to identify risk sources connected
to the readiness of the receiver’s facilities, equipment and support services (e.g. HSE management,
and purchasing and inventory control mechanisms), as well as by risk assessment and risk mitigation.
Furthermore, the in-depth study showed that the integration of the sender and receiver’s administrative
systems (e.g. ERP and test systems) could be a complex endeavour; hence, it should be initiated as
early as possible during the Preparation phase. Moreover, by carefully reviewing and preparing the
transfer documentation ahead of the receiver’s training, the senders could streamline the knowledge
transfer and significantly reduce expenses. In an era of increasing digitalisation, the integration of the
sender and receiver’s systems is expected to become more and more critical for the transfer parties’
competitive edge.

The PT Preparation framework in Figure 5 can be related to McBeath and Ball’s (2012) knowledge
transfer framework, which comprises five required key themes for successful knowledge transfer from
the senders to the receivers. These are the willingness to share information, willingness to receive
information, explicit knowledge transfer, tacit knowledge transfer and verification. The authors argue
that McBeath and Ball’s framework is one of the ‘detail views’ of a PT, whereas the PT Preparation
framework is a ‘general view’ of the PT-preparation phase. It highlights the four additional key areas
of the PTs and the relation between them.

7. Conclusion

This paper proposes a procedure for a thorough preparation of PTs based on risk management princi-
ples. The goal is to reduce the amount of supply chain disruptions during PTs and thereby facilitate
the achievement of the targeted performance results during production-relocations.

Although several PT scholars have acknowledged the importance of a thorough Preparation-phase and
recommended relevant preparatory activities (e.g. Madsen [2009] and Terwiesch et al. [2001]) to the
authors’ knowledge, none has yet reviewed, summarized and structured the existing PT literature and
proposed a validated procedure.

The authors argue that this paper contributes to the PT literature by providing a detailed and systematic
description of the preventive actions that senders and receivers can implement in order to prepare the
PTs and reduce the amount of supply chain disruptions (see Subsection 4.2 and Appendix 3).
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Moreover, the in-depth study showed that the outcome of a PT and thereby of a production relocation
not only depends on the physical transfer (the transfer of equipment and inventory), on the knowledge
transfer (e.g. training) and on the supply-chain transfer, as presented in earlier research. It also de-
pends on the administrative transfer (the transfer of documentation and the integration of operations
management systems e.g., ERP at the receiver), as well as on the organisation-, project- and quality-
management during the PT. Thus, the transfer parties should make sure to allocate sufficient resources
to these categories of preventive actions, too. This study argues that although the organisation- and
project management actions might not be regarded as indispensable for the ability to produce during
the Start-up phase, they facilitate the execution of those actions that are considered as indispensable.
Similarly, the Quality Management actions are fundamental during PTs and the PT-practitioners
should intend to implement them at the beginning of the PT-preparation phase. These preventive ac-
tions facilitate the achievement of supply performance targets during the PTs and generally in the
supply chain by e.g. mitigating the risk of supply chain disruptions and futile expenses. Furthermore,
in an era of increasing digitalisation the integration of the sender and receiver’s administrative systems
is expected to become more and more critical for the success of the PTs and the supply chain collab-
oration in general. Thus, it should be also initiated in the early phase of PTs. Moreover, this paper
argues that a careful preparation of the transfer documentation ahead of the receiver’s training is
worthwhile, and a minimum requirement for a smooth PT. Finally, the authors also attempt to enhance
the PT literature by providing a clearer way of conceptualizing risk management during PTs.

Furthermore, it is argued that the refined PT-preparation procedure (Appendix 3) represents this pa-
per’s primary contribution to practice. The proposed procedure was developed by implementing the
literature-based procedure (Appendix 2) during an offshoring case and continuously refining it with
the sender and receiver. Thus, the proposed procedure is based on both transfer-parties’ perspectives.

Practitioners can use the proposed procedure several times during the relocation process. First, they
can use it during the Relocation-decision and Supplier-selection phases of relocation processes (see
Figure 1) as an example of what a PT-preparation process implies. Second, they can apply the proce-
dure in detail to thoroughly prepare for the PT. Finally, the procedure can be also used during post-
transfer evaluations, to structure the sender and receiver’s lessons learned.

In evaluating design science studies, criteria such as the validity (the artefact works and does what is
meant to do) and utility (it has value outside the development environment) of the developed artefact
are highlighted (Gregor and Hevner, 2013). Moreover, according to Holmstrom (2009), the success
of a design science approach hinges on its ability to integrate itself with the theory-oriented main-
stream research. At the end of the in-depth study, key-informants from both transfer parties reported
that the PT procedure and its implementation by help of the TAP-action plan were appropriate and
very useful. Receiver’s key-informants reported that although the PT to Spain was more complex than
during another transfer they were undertaking, its tempo was considerably faster, and Sender’s assis-
tance was more substantial and timelier. Sender’s key-informants reported that the PT procedure en-
sured that important preventive actions were implemented, and it reduced the amount of disruptions.
Moreover, they informed that the Start-up phase had been relatively shorter than during earlier PTs,
and the on-time delivery precision better. Furthermore, the PT-practitioners during the international
seminar evaluated most of the actions in the refined PT-preparation procedure as relevant, and the
verification process indicated that the PT-preparation procedure should be useful for different types
of production relocations and production industries. Finally, as recommended by Holmstrom (2009)
the research findings were systematically compared with the earlier research on the topic of production
relocation, and significant similarities and differences were highlighted. In addition, the authors payed
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attention to describing the research process and results in a detailed manner, in order to support actors
that want to implement the PT-preparation procedure (Holmstrom in (Kaipia et al., 2017)).

In this paper, the proposed procedure was implemented during a PT in the electronics industry. How-
ever, each production relocation is different; therefore, the procedure should be adapted to different
PT circumstances. Two factors that can have a significant influence on how the procedure is applied
are the PT risk level and the strategic impact of the PT. The PT risk level depends on, e.g. the techno-
logical novelty of the transfer object (e.g. a product), the experience of the Receiver and on the cultural
differences between the transfer parties. The strategic impact of a PT is contingent on the value of the
transfer object and on how critical the transfer object is for the Sender and Receiver’s profit. Further
research should test the PT preparation procedure during PT cases with distinct characteristics and
explore how the preventive actions in the procedure will be prioritised in different contexts. For in-
stance, the researchers could explore if certain types of preventive actions are more relevant during
PTs with high risk and/or high strategic impact than during PTs with low risk and/or low strategic
impact. It would be also interesting to test the PT preparation framework from Figure 5 during distinct
PTs and validate the action categories and the relation between them. Furthermore, the procedure-
verification was carried out by only three PT practitioners. Hence, a large survey study is needed for
a more extensive verification and for the development of a formal representation of the procedure (as
recommended by Holmstrém et al. [2009]). Finally, the authors contend that the impact of digitalisa-
tion on the administrative transfer during PTs is an intriguing future avenue of research.
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Abstract

Outsourcing of production entails a vast amount of activities and decisions. Although it has many
acknowledged benefits, it is associated with substantial risk, and may lead to increased costs and loss
of business if it is not carried out carefully and in a systematic manner. The identified outsourcing lit-
erature mainly focuses on specific parts of the outsourcing process and often provides limited practical
guidance. Therefore, the purpose of this paper is to synthesize existing research on outsourcing pro-
cesses into one structured outsourcing procedure. This can guide companies in carrying out outsourc-
ing activities in a systematic manner. The suggested procedure is discussed in light of a case study of
two production transfers between a Norwegian supplier of advanced maritime monitoring systems
and one of its strategic suppliers.

Keywords: Outsourcing, Production transfer, Operations strategy
1. Introduction

Many Western companies choose to transfer parts of their production to other actors in their
supply chains. Such transfers are often denoted outsourcing or offshoring processes, depend-
ing on the ownership structure (internal or external) and target location (domestic or foreign)
of the transfer (Monczka et al., 2005). Outsourcing generally refers to the handover of re-
sponsibility for certain activities across organizational borders, whereas offshoring indicates
that the responsibility is transferred to a subsidiary or supplier in a foreign location. Due to
its many stated benefits, such as lower factors costs, access to new materials, distribution
channels and technologies, as well as increased capacity to focus on core competences, out-
sourcing has been a very popular strategy in many industries (Kinkel and Maloca, 2009).
Still, it is associated with substantial risk and may lead to increased costs and loss of business
if it is not carried out carefully and in a systematic manner — reflecting the high complexity
of such transfer processes (Kinkel and Maloca, 2009).

Outsourcing of production entails a vast amount of decisions to be taken. Although sev-
eral outsourcing frameworks and guidelines exist, only a few (e.g. Momme and Hvolby,
2002, WHO, 2011) describe all stages of the outsourcing process. These are typically rather
general in their description of the activities that need to be carried out at the different stages.
More detailed frameworks typically focus on the make-or-buy phase of the process, by e.g.
discussing possible benefits and risks when outsourcing (Kremic et al., 2006), or they end
before the physical transfer (Fredriksson, 2011). Frameworks that address the production



transfer (PT), i.e. the actual relocation of manufacturing of products or components between
two production facilities (Sender and Receiver), either focus on specific parts of the PT
(Fredriksson, 2011), or provide only a general overview of interdependent activities im-
portant for supply performance (Madsen, 2009, Momme and Hvolby, 2002, Zeng, 2003).
No comprehensive frameworks integrating all these aspects have been identified. Therefore,
the purpose of this paper is to synthesize existing research on outsourcing processes into one
structured outsourcing procedure. This can guide companies in carrying out outsourcing ac-
tivities in a systematic manner. The procedure is discussed in light of an instrumental case
study of two PTs between a Norwegian supplier of advanced maritime monitoring systems
and one of its strategic suppliers within electronic manufacturing services (EMS).

2. Research Method

The structured outsourcing procedure is proposed on the basis of a thorough study of litera-
ture on production-, knowledge-, and technology-transfers, as well as more general literature
on outsourcing, production start-up and ramp-up. When structuring the literature, the most
comprehensive identified models and methods (Momme and Hvolby, 2002, WHO, 2011,
Kremic et al., 2006) were taken as a starting point. During the structuring of the literature a
need to add, rearrange and adjust phases emerged — more or less resulting in the proposed
procedure. However, an instrumental case study approach (Baxter and Jack, 2008) has been
selected to test and accomplish it. This was designed as a single case study as the access to
adequate empirical data was limited to one supplier-buyer relation; however, two PTs were
followed to increase the research quality. The empirical data was collected through work-
shops and semi-structured interviews with key representatives from both case companies,
e.g. quality managers, product developers, key account managers and process engineers.

3. Structuring Outsourcing

In broad terms the production outsourcing process can be divided into three parts: (1) decid-
ing what (if any) to outsource, (2) selecting and committing a supplier, and (3) transferring
the production. Each of these contains a number of activities that a company needs to go
through during an outsourcing process. These are briefly described and summarized below.
IDs are assigned to the activities, in order to link them to the suggested outsourcing proce-
dure at the end of the section.

3.1. The Outsourcing Decision

In describing the outsourcing decision, a framework by Kremic et al. (2006) is adopted. This
depicts typical elements of the outsourcing decision, and shows where motivators, benefits,
risks and other factors are typically encountered. The first step is to consider outsourcing in
the first place. Here, the sender's motivation for outsourcing is weighed against general risks
and benefits. According to (2006) (a combination of) three major categories of motivation
drives outsourcing: cost, strategy, and politics. The sender should have a conscious attitude
towards these (A1). For instance, the outcome of outsourcing is often more successful if the
decision is based on strategic considerations rather than solely on financial problems
(Brandes et al., 1997). Further, the sender should analyze whether common benefits and



risks of outsourcing either strengthen or weaken the decision (A2). Although it is not explic-
itly stated in the literature, we suggest documenting (A3) and communicating (A4) the re-
sulting outsourcing policy internally. Next, the sender should identify (AYS), evaluate (A6)
and select (A7) what, if any, to outsource based on strategic-, financial-, functional- and
environmental factors of each candidate and on the outsourcing policy (2006). When pro-
duction is outsourced, Semini et al. (Semini et al., 2013) suggest careful attention to aspects
such as logistics, equipment utilization, proximity to product development and intellectual

property.

3.2.  Supplier Selection

When the company has selected which functions, products or processes it should outsource,
the next stage is to select a target supplier and location for the transfer. Here, a four-stage
supplier selection process by Cousins et al. (2008) is adopted. First, suppliers are prequali-
fied (AS8). Prequalification criteria will vary between companies and industries; however,
suppliers' manufacturing capabilities and financial viability will usually be assessed. Often,
companies keep a record of prequalified suppliers, enabling them to skip this phase. Other-
wise, information about suppliers needs to be collected and evaluated. Next, the company
should agree on measurement criteria (A9) that are specific to the product under considera-
tion (e.g. unit price, lead time, supplier flexibility). Third, relevant information about sup-
pliers should be gathered (A10), for example through requests for proposal or quotation.
This information is used to make a selection in the fourth phase (A11). Danilovic and Win-
roth (Danilovic and Winroth, 2005) argue that no matter how hard management strives to
have a high level of integration in collaborative networks, the integration must be supported
by legal agreements (A12). Draft agreements would often need to be designed for each case.
Examples of issues that need to be included are forms of decision making, risk allocation,
security issues and renegotiation/termination rules (Danilovic and Winroth, 2005). As will
be evident in the next section, the contract may need to specify responsibilities before, during
and after the transfer.

3.3. Production Transfer

Finally, when the receiving supplier has been selected the PT can commence. Based on
(Madsen, 2009), a PT process consists of four phases: the preparation for transfer, the phys-
ical transfer of equipment and inventories, the production start-up at Receiver, and the
steady state. The Steady State starts after there has been reached a full-scale and stable pro-
duction, at targeted levels of cost and quality (Terwiesch et al., 2001). Each of the PT related
activities identified in the literature has been assigned to one of these four phases (Table 1).

Apart from the Physical Transfer, a PT consists of three additional types of transfers:
knowledge transfer (KT) (of tacit knowledge), administrative transfer (AT) (of explicit/cod-
ified knowledge), and supply chain transfer (SCT) (by establishing relations to vendors of
materials)(Fredriksson and Wéanstrom, 2014). It is important to ensure all these types of
transfers during a PT. In addition, transfer parties will have to perform certain project ad-
ministrative activities, such as establishing a PT organization and manage the PT project
(WHO, 2011).



Table 1. Outsourcing procedure with potential activities

Outsourcing policy:
Al. Identify the amount of cost-driven, strategy-
driven and politically-driven outsourcing (Brandes
et al., 1997, Kremic et al., 2006)
A2. Analyze whether benefits and risks will
strengthen or weaken the decision to outsource
(Kremic et al., 2006)
A3. Establish policy document
A4. Communicate the company's outsourcing policy
to employees
Outsourcing candidate selection:
AS. Identify possible candidates for outsourcing
(functions, products or processes) (Kremic et al.,
2006)
A6. Evaluate identified candidates (Kremic et al.,
2006, Semini et al., 2013)
A7. Select candidate(s) (Kremic et al., 2006)
Supplier selection:
A8. Prequalify suppliers (Cousins et al., 2008)
A9. Agree on measurement criteria (Cousins et al.,
2008)
A10. Obtain relevant information (Cousins et al.,
2008)
Al1. Make selection (Cousins et al., 2008)
A12. Contract negotiation (Danilovic and Winroth,
2005)
Transfer preparation:
A13. Establish Project team (Madsen, 2009, WHO,
2011)
A14. Kick-off meeting (Dudley, 2006)
A1S5. Establish other teams (Terwiesch et al., 2001,
WHO, 2011)
A16. Sign formal agreement (Danilovic and
Winroth, 2005, Zhu et al., 2001)
A17. Plan as Stepwise Transfer during low demand
season (if possible) (Fredriksson et al., 2015)
A18. Ensure interaction with Receiver. Higher un-
certainty, higher requirements (Stock and Tatikonda,
2000)
A19. Develop training plan (Andre and Peter, 2012)
A20. Create transfer register. Include Transfer plans
and checklist, Change Control procedure, etc.
(WHO, 2011)
A21. Evaluate Receiver’s preparedness (premises,
equipment., support services) (WHO, 2011)
A22. Perform Transfer Risk Assessment. Implement
measures (Fredriksson et al., 2015)
A23. Problem solving/upgrading/recalibration/test
of production system (Madsen, 2009, Terwiesch et
al., 2001)
A24. Define Engineering Change process(Terwiesch
etal., 2001)
A25. Train Receiver’s personnel (Terwiesch et al.,
2001, Andre and Peter, 2012)
A26. Update/ create documentation with Receiver

(Terwiesch et al., 2001, Fredriksson et al., 2015,
Andre and Peter, 2012)
A27. Improve Receiver’s performance (Modi
and Mabert, 2007)
A28. Update Planning & Control system
(Fredriksson et al., 2015)
A29. Develop Communication plan (WHO,
2011)
A30. Transfer information (WHO, 2011)
A31. Receiver reviews info. and finds gaps
(WHO, 2011)
A32. Ensure joint info. sharing platform
(Terwiesch et al., 2001)
A33. Establish relations to sub-suppliers
(Aaboen and Fredriksson, 2015)
A34. Verify preparations (Fredriksson et al.,
2015)

Physical Transfer:
A35. Transfer production equipment (Madsen,
2009)
A36. Send personnel to Receiver (Terwiesch et
al., 2001)
A37. Install and test production equipment
(Madsen, 2009)

Production Start-up:
A38. Sender temporary transfers personnel
(Terwiesch et al., 2001)
A309. Set up experimental line (Terwiesch et al.,
2001)
A40. Involve all affected personnel (Madsen,
2009)
A41. Qualify component vendors (Terwiesch et
al., 2001)
A42. Decide when to transfer responsibility to
order raw material to Receiver (Fredriksson et
al., 2015)
A43.Adapt processes to a new environment
(Grant and Gregory, 1997)
Ad44. Problem solving on parts/materi-
als(Madsen, 2009)
A45. Verify production (Hilletofth et al., 2015)
A46. Continuously monitor performance. Con-
sider shutdown when lower than targets to solve
problems (Terwiesch et al., 2001)). Implement
measures (Fredriksson et al., 2015, McCormack
etal., 2008).
A47. Adapt docs and Plan. & Control syst.
(Fredriksson et al., 2015)
A48. Conduct post-transfer audit. Evaluate
transfer (Hilletofth et al., 2015, Zhu et al., 2001)
A49. Gen. sum. report (lessons learned, etc.)
(WHO, 2011)

Production Steady State:
A50. Continuously monitor and improve pro-
duction (Madsen, 2009). Consider maintaining
experimental line (Terwiesch et al., 2001)

The transfer preparation phase includes the most identified activities. Here, KT activities
are mainly related to the training (A25) and involvement of Receiver personnel in the prep-
aration of documentation, the systems, and of the production equipment and processes



(A26). In addition, it might be necessary to implement KT activities for performance im-
provement at Receiver, such as six sigma or lean (Modi and Mabert, 2007) (A27). AT activities
are related to e.g. updating of planning and control systems with data based on the estimated
lead times and other performance indicators for the PT (Fredriksson et al., 2015) (A28), and
the transfer of the updated information to Receiver (drawings, materials planning method,
packaging procedures, etc.) (A30). SCT primarily concerns a possible transfer of suppliers
to the Receiver (A33). Examples of project management (PM) activities are kick-off meeting
(A14), signing of formal agreements (A16), and generating a transfer register with plans,
flow diagrams, instructions and control procedures (accessible to both parties and up-to-
date) (A20). The physical transfer mainly involves transfer of production equipment (A35),
installation and testing of equipment (A36), but also certain KT by temporary transferring
personnel from Sender to Receiver (A36) to provide support and report back to Sender
(Terwiesch et al., 2001). Such a transfer can also take place during start-up (A38). Other KT
activities during start-up imply setting up an experimental line for learning and for testing
of performance improvement solutions at the Receiver (A39), and involving all the affected
personnel along the process (A40). An AT task for the Receiver is to adapt documentation
and systems to their own planning environment (A47). SCT activities during start-up are
mainly related to qualification of component vendors (A41) and the decision about when to
transfer the responsibility to order raw material to the Receiver (A42). As a PM activity, a
summary report (AS50) should be generated and stored in the transfer register.

4. Discussion and Conclusions

The empirical data collected during the case research is summarized in Table 2. As seen in
Table 2, Sender and Receiver had a series of challenges with the two PTs that might have
been reduced by some of the actions from Table 1. For instance, communicating the compa-
ny's outsourcing policy internally (A4) and organizing a kick-off meeting where the reason
for the PT is clarified (A14), could have increased the Product Team’s motivation to share
essential information with the Receiver in Case A (Dudley, 2006). The PT parties should
have constituted a project team (A14), with PT managers and other members from all the
affected disciplines and with clear roles (Terwiesch et al., 2001). Moreover, as stated by
(WHO, 2011), PTs should be managed by help of a PM plan based on risk management
principles (A20). Hence, all the activities with potentially negative consequences (e.g. trans-
ferring the test equipment to Receiver) should have been identified together with experi-
enced personnel and measures should have been implemented (i.e. risk management) (A22).
Further, some authors state that PTs, to the extent possible, should be planned as ‘stepwise’
transfers (A17) instead of ‘clear-cut’, as in Case A. Production at Sender should be gradually
decreased as volumes increase at Receiver. Thus, in case of unexpected demand or major
production disruptions during Start-up, one would have a secondary source of supply at the
Sender (Fredriksson et al., 2015).

Furthermore, parties had several communication issues in both Case A and B. Thus, by pre-
paring a communication plan (with e.g. points of contact and their roles) (A29), they could
have minimized these challenges. This plan should be included in the PT register along with
the PT plan and other tools, such as activities checklists, a change control system, and a flow
diagram (Terwiesch et al., 2001, WHO, 2011). Moreover, the register should be



Table 2. Overview of the studied production transfers and their main activities

Completed transfer: Case A

Ongoing transfer: Case B

Transfer object: Acoustic sensor. Mature product. High
volumes. Not too complex. Little IP.

Original location: Sender’s production facility in Norway.
Before, Sender had been producing the sensors and assem-
bled them with housings and electronics from two different
suppliers.

New location: After transfer, Receiver assembles tests and
delivers final products to Sender. Receiver is expected to re-
duce unit cost over time.

Outsourcing policy: Combination of cost and strategy.
Need to reduce cost; aim to be a 'technology company' rather
than manufacturing company.

Outsourcing candidate selection: High volume product
that requires higher efficiency and less competence than the
Sender has.

Supplier selection: The Receiver was prequalified and used
to deliver electronics for the product.

Preparations: Parties had no kick-off meeting. Key person-
nel in the Product Team, Sales, and Test were little involved
in the preparations. Product Team was little informed about
the reason for the transfer and their motivation to support
Receiver was low. It had been unclear who was responsible
for what at Sender and a transfer plan and risk assessment
had not been prepared and conducted before transfer. Ini-
tially, it was decided that all test equipment would be moved
from Sender to Receiver. When Product Team found this
out, they realized that the Sender would not be able to run
spot-checks, losing the control over the quality of their de-
liveries. Moreover, initially, Sender was to manufacture the
product until Easter and Receiver everything after that
(clean-cut). This turned out to be unrealistic. [KT:] Receiver
participated in VSM at Sender and sent 3 operators to learn
the process at Sender. [SCT:] Sender’s original suppliers of
housings and electronics were transferred to Receiver.
Physical Transfer: Sender copied their test equipment and
transferred the copy to Receiver.

Start-up: Receiver experienced that several of their process
improvement suggestions were rejected without a clear jus-
tification and the latest ones even turned out to be futile.
During a workshop (April '15), the Product Team revealed,
to the Receiver's surprise, their plans to update the product
to a new version. Finally, Sender was unaware if the transfer
had been profitable or not, but they said that the start-up was
long with high scrap rates and stock levels.

Transfer object: Signal converter. New version of existing
product. More complex than Product A.

Original location: The same as in Case A. For previous ver-
sion, Sender installed PCBs from Receiver in cabinets from
one supplier, and power supply and wiring from another
supplier. Sender tested the final products.

New location: Same Receiver as in Case A. After transfer,
Receiver installs electronics including own PCBs in cabi-
nets. Sender still tests final products.

Outsourcing policy: Same as in Case A.

Outsourcing candidate selection: Product was selected
due to the upcoming new version, 'now was the time'. Key
components were already outsourced.

Supplier selection: Same as in Case A. Their experience
with product A was partly decisive.

Preparations: The transfer started in Sept. ‘14, with a kick-
off. Sender asked Receiver to secure material from sub-sup-
pliers without any formal agreement. A significant amount
of this material became obsolete because of BOM changes,
and the financial consequences were unsettled for a long
time. The transfer was planned with partially overlapped
product development at Sender and process development at
Receiver. Often, BOM and other product design changes
came too late (e.g. during continuous production instead of
the Pilot phase). 4 BOM changes were sent after Receiver
had ordered material. Moreover, Sender had problems with
own change control system that did not allow purchasing
materials for prototypes before design-freeze. Thus, many
changes were unrecorded until Product Developer started to
collect them in a common excel-file. [K7:] No personnel
from Receiver were transferred for training at Sender.
Receiver appreciated having one contact person at Sender
(Product Developer) whereas Sender’s Prod. Developer felt
that it had been challenging to know whom to contact at Re-
ceiver. She had also experienced that two contacts at the Re-
ceiver had different BOM revisions. [SCT:] Sender’s origi-
nal supplier of cabinets was transferred to Receiver. Later
on, Sender may replace them by its own subsidiary in a low-
cost country.

Physical Transfer: None.

Start-up: At the time of the workshop in April ‘15, the pro-
duction had been transferred from Receiver’s Development
department to Manuf.

continuously updated and an easily accessible to both parties (A20). Finally, at the end of
the Start-up in Case A, Sender could have conducted a post-transfer audit, comparing the
pre- and post-outsourcing costs (Zhu et al., 2001) and evaluating whether the Steady-state
had been achieved and whether the production should be relocated to other manufacturer or
not (A48). In addition, Receiver’s performance should be monitored along the entire PT and
measures should be implemented (A50) (WHO, 2011). With respect to Case B, several au-
thors stress the importance of a formal agreement (A12, A16) between parties, signed as
early as possible during Preparations. The agreement should include each party's responsi-
bilities along the process (e.g. who bears the cost of obsolete material), and desired perfor-




mance targets (e.g. yield) (Terwiesch et al., 2001). Further, to effectively manage engineer-
ing changes, parties could also define the change control process (A24) during Preparations,
and they could create a flow diagram of the PT with necessary decisions gates (WHO, 2011).
For instance, before starting with the continuous manufacturing, the production should have
passed a verification gate (A45). Finally, with higher uncertainty of the PT (i.e. novelty,
complexity, and tacit knowledge) there are higher requirements of interaction between par-
ties (A18). For Case B, the For Case B, the assembly of product B was novel for the Re-
ceiver; the product version was an innovation, and it had a high amount of uncodified
knowledge. Thus, parties could have invested more in information management systems
(e.g. a common IT platform) and could have drawn advantage from the domestic proximity
by having regular and more frequent meetings with the Receiver (Hilletofth et al., 2015).

In this study, existing research on outsourcing processes is synthesized into one struc-
tured outsourcing procedure, comprising the outsourcing decision, the supplier selection,
and the PT stage. We argue that one of the strengths of this procedure is providing a detailed
overview of the PT specific activities, which are often overseen in earlier outsourcing pro-
cedures despite their impact on final performance results. The proposed procedure can guide
practitioners in conducting production outsourcing processes in a systematic manner. Nev-
ertheless, it should be validated in different manufacturing contexts and adapted to different
types of production outsourcing. The authors objective for the future is to configure and
validate a phase model comprising activities from the current procedure, decision gates, sug-
gested disciplines for each activity, as well as appropriate methods and tools.
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