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Abstract

The aim of this thesis is to explore the value chains of the future by examining use and
implementation of novel technology. Environmental and social considerations will be
essential in planning future value chains, thus it’s crucial that innovation and technological
development of products and processes reflect this. The handling of environmental and social
issues in the future is examined through a framework called Shared Value Creation (SVC),
that aims to tackle these challenges, while also providing opportunity for business to create
financial sustainability. Additive manufacturing (AM) is chosen as the technology to be
examined due to its novelty and popularity in both the private sphere and for industrial uses.
Layered manufacturing technology can manufacture parts with a variety of characteristics that
traditional manufacturing methods cannot achieve. However, the implementation of AM is
difficult due to the variety of knowledge needed to utilize it to its full extent. To assess the
implications that implementing AM may have on value chains, it is thus important to explore
how an organization can best position themselves to gain the necessary knowledge. A
possible solution is to utilize an organization’s industrial network by interacting with actors
and access external resources. A case study is performed on a company who has successfully
utilized AM to improve one of their products. The company is analysed based on their
participation in a development project, considering three main topics, namely additive
manufacturing, interactions and shared value creation. These topics are comprised into a
conceptual framework that assess how an organization can implement AM by interacting with
actors in the industrial network, and what impact AM has on the value chain with regard to
environmental, social and financial sustainability. The result of the research showed that
interactions played a crucial part in enabling AM implementation, in that the case company
coordinated resources with network actors, which resulted in creation of new knowledge
related to AM. Furthermore, the outcome of the development project proved to be beneficial
in a SVC perspective, which may indicate that AM can support competitiveness in future

value chains.
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1 Introduction

“Value chains of the future” explore technology and notions about how value chains will or
should look like in future Norwegian industry. The Norwegian government plans to be
aggressive in its policies to change the industrial landscape in Norway towards a focus on
green competitiveness (Nerings- og fiskeridepartementet, 2017). This entails that social,
environmental and financial sustainability will be more significant in the future, thus putting
pressure on designing value chains that supports these aspects. Technology has a particular
role in the future of Norwegian industry due to its ability to reduce the importance of labour
cost through for example automation. Technology may also enable organizations to
incorporate social and environmental considerations into their strategies and broaden the

scope of value chain productivity beyond profits.

The thesis is exploring possibilities for sustainability in future value chains, aiming to
contribute to SISV (Sustainable Innovation and Shared Value Creation in Norwegian
Industry). SISV is a research project where NTNU and SINTEF Raufoss Manufacturing AS
cooperate with industry partners to achieve project goals, which includes sustainability and
shared value creation. SISVI was started in May 2014 and will end in May 2018. The project
is 80 % funded through Forskningsradets brukerstyrte innovasjonsarena and 20 % by the
participating companies. The overarching goal of SISV is to create competitiveness in
Norwegian industry through sustainability and shared value in line with the Norwegian
government’s vision for the future. To this end, industry partners aim to implementing
strategies and business models based on research that supports sustainability and shared value
creation into their organizations. To contribute to this, the thesis focuses on impacts
innovative technology, namely additive manufacturing may have on the value chain in the

perspective of creating value that benefit environment and society.

The topic of this thesis is additive manufacturing (AM) and shared value creation (SVC).
Additive manufacturing is an emerging process that utilizes layered manufacturing
technology to create complete parts. Due to the novelty of the technology, it is not widely
used in large scale production, and most literature on the subject focus on layered
manufacturing technologies in isolation (Berman, 2013; Huang, Liu, Mokasdar, & Hou,
2012). Conversely, this thesis approach AM as a process and focus on barriers to implement

the technology and how an organization may overcome these.



Shared value creation is a framework outlined by Michael E. Porter and Mark R. Kramer
(2011), focusing on businesses creating value by incorporating social and environmental
issues into their strategies. The framework is a response to a perceived divide between society
and business that promotes an unhealthy opposition. In essence, the framework encourages
making products that benefit society and improving activities in the value chain to raise
productivity. It builds on the notion that businesses are more effective than governments at
achieving productivity, and that by redefining the meaning of productivity to include
environmental and social measures, the divide between business and society can be
diminished (Porter & Kramer, 2011).

There are indications that AM can enable the creation of shared value by providing new
dimensions to production through the characteristics layered manufacturing technology
provides (Sletfjerding, 2016). However, barriers to implementing AM pose a challenge to
organizations, which complicates the possibility to take advantage of these characteristics.
The practical challenges to utilize AM are connected to cost, quality, knowledge etc. To use
AM as an enabler of SVC one needs to overcome the barriers and circumvent the limitations
of the technology. This thesis expects that this problem can be solved by cooperation with
other actors i.e. engaging in technological development through network activities
(Hakansson, 1987). Since we regard AM as a process, there are various aspects that needs to
be considered, from conceptualization of part, to manufacturing the finished part. Regarding
the implementation of AM, interactions may be used to facilitate technological development
and thus potentially enable AM to be introduced into an organization’s value chain to create

shared value.



2 Background and research questions

The thesis consists of three topics, namely additive manufacturing (AM), interactions and
shared value creation (SVC). The aspect of AM that is to be researched is how it can be
implemented to enable SVC. However, there are barriers connected to implementing AM in
an organization. First, AM consists of costly machines and materials. Second, AM requires a
spectrum of skills and capabilities such as knowledge of materials, skills in traditional
manufacturing, machining and design capabilities, which may or may not be present in an
organization. To overcome these barriers the organization must innovate their processes by
accessing new knowledge and resources. These resources might be found with other actors in
the organization’s industrial network and accessed through interactions. Interactions in this
regard, refers to the transfer and combining of knowledge between actors in an industrial
network through cooperation (Hakansson, 1987).

Literature refer to innovative capability as a criteria to be sustainable (Pagell & Wu, 2009).
This is not explicitly mentioned as a prerequisite for SVC, but some of the aspects of the
framework indicate innovative capability’s importance. For example, SVC puts emphasis on
redefining productivity in the value chain to reduce environmental and social harm from an
organization’s activities (Porter & Kramer, 2011). Dynamic capabilities helps define
innovative capabilities by focusing on creating value and competitiveness in rapidly changing
business environments through recombining skills, resources and competences to fit the
changing markets (Teece, Pisano, & Shuen, 1997). AM is an emerging technology that are
used in different industries for a variety of purposes (Huang et al., 2012). However,
implementing AM to create shared value will require an innovative capability due to
organizational processes needs to be altered to fit the new technology (Teece et al., 1997).
Consequently, to create shared value through AM, it is reasonable to believe that an
organization must develop new capabilities through coordinating activities that recombines
resources and alters processes. One facet of the SVC framework is the enabling of
cooperation between actors such as industrial partners, governments, NGOs and society, and

this interaction may be a point of departure in fostering innovative capabilities.

Based on this, innovation is illustrated through the concept of interactions, which concerns
various levels of cooperation and knowledge transfer between actors in industrial networks
(Hakansson, 1987). To assess interactions, a framework for technological development in

networks is applied. The arguments for why technological development appears in networks



are based on firms interacting with different actors to create new knowledge. Based on the

arguments above, two hypotheses are created:

Hypothesis 1: Interactions are necessary to be able to use AM effectively because there is a

need for a variety of new skills and capabilities.

Hypothesis 2: The use of AM can induce SVC through the benefits this technology provides.

Interactions AM process

Figure 2.1 Hypotheses

Figure 2.1 is a representation of the hypotheses and how the three elements of this thesis are
connected. The arrows describe a path that starts with interactions, which enables

implementation of AM, that may lead to SVC.
These hypotheses lay the foundation for the research questions.

AM is not a separate technology, but a process that utilizes layered manufacturing
technologies such as 3D-printing (3DP) to create a finished product (Gibson, Rosen, &
Stucker, 2015). The capabilities/skills a company should possess to make sound use of AM
extends beyond the understanding of 3DP technology, which may pose a challenge. One
possibility to solve this problem is to source needed skill and capabilities elsewhere by
accessing external resources through interactions in industrial networks. In addition to
viewing buyers and suppliers as part of the industrial network, the thesis also considers non-

traditional actors such as governmental institutions as possible interaction partners.

Question 1: Can interactions with actors in an organization’s industrial network support

clarifying and overcoming the barriers of implementing AM?

Theoretically, AM can prove useful for SVC purposes (Sletfjerding, 2016). However, AM
technology has limitations as well as benefits that could offset the creation of value. This

notion is explored further through a practical approach.

Question 2: Which benefits does AM provide in a shared value perspective?



The third research question relates to the SISV project and concerns competitiveness. The
main intention of the thesis is to examine if the use of AM to create shared value will lead to a
more competitive business. This question is derived from the notion that SVC is an important
part of building competitiveness in the future (Fet & Jenssen, 2014; Porter & Kramer, 2011).

Question 3: Are there indications that AM is beneficial for the case company in terms of

creating shared value, and thus competitiveness?

Figure 2.2 illustrate the research questions and their relation to each other. Question 1 and 2
connects interactions, AM and SVC and are considered in the context of the case company.
Question 3 aims at contributing to SISVI by viewing the topics in conjunction and assessing

AM’s overall impact on competitiveness in SISVI’s context.

SIsv!
Case
Interactions
AM
Q2 {}
SVC
Q3

Competitiveness
(SISvI)

Figure 2.2 Research questions






3 Research Method

The following chapter outlines the research method, including collection of literature and the

approach to applying this to a real-world context.

3.1 Research gquestions and hypothesis

Due to the nature of the research questions, that is, seeking a deeper understanding of the
topics and how they relate to each other, the research has a qualitative approach. In this
regard, an instrumental case study is performed in an attempt to gain insight into the topics

and generalize the findings so to be of use in different contexts (Stake, 2005).

The thesis is structured based on a deductive approach were relevant theory about the topics
are combined into a coherent conceptual framework. The purpose of the framework is to
analyse the case based on what is known about the topics to test the hypothesis (Bryman,
2012). In addition, the research has iterative connotation in relation to interactions. Since the
main topic is the implementation of AM, interactions became a focus after some investigation
on the subject, and was implemented into the research questions after discovering barriers to

implementing AM.

3.2 Literature search

Finding relevant literature was done by searching with keywords in Oria and Google (both
Google scholar and Google search engine). The main topic of this thesis, namely additive
manufacturing was used as a search keyword in the early search process. In addition, this was
combined with other key words such as “implementation” and “supply chain”. At first the
search criteria were rather wide, in that if the paper heading contained additive manufacturing
it was investigated. In addition to searching for additive manufacturing, other phrases in
relation to the topic were used, such as rapid manufacturing and rapid prototyping. A list of
the phrases that were used can be seen in Table 3.1. To complement the findings in the initial
literature search, the reference list in articles that were interesting was examined, thus creating
a snowball effect where more literature surfaced through reading. This is considered a crucial
aspect of the research since this was part of expanding the knowledge about the topic, which
was important for understanding AM and give more profound answers to the research

questions.

The second topic of this thesis is the shared value creation framework, which is based largely
on Porter and Kramer’s (2011) article. This topic was supplemented by literature on

sustainability in relation to purchasing, logistics and supply chain management. The literature

7



is collected by searching in Oria (university library), using the keywords “sustainable supply
chain” and “sustainable logistics”. In addition, different journals are leafed through, keeping
an open mind looking for headlines and abstracts that could be of interest. The open search is
meant to broaden the horizon of the thesis, and find other relevant keywords to search in Oria,

such as “green”.

Table 3.1 Key words used in literature search

Additive manufacturing Shared Value Creation Interactions
3D-printing Green Logistics/SCM/Purchasing
Rapid prototyping Sustainable

Logistics/SCM/Purchasing

Rapid tooling
Rapid manufacturing

Interactions became a part of the thesis after researching literature on the other topics. Finding
literature on interaction started with looking through previously read articles and books about

supplier networks. Interactions was not particularly research by using keywords, but rather by
reading articles and finding other publications of the authors, which expanded on Hakansson’s
(1987) model. This also lead to a snowball effect by finding supplementing literature in the

reference list of such articles.

3.2.1 Grey literature

In addition to scientific journals, information was gathered through unconventional channels
such as lectures available at various multimedia sources and news outlets. The reason for
searching unpublished literature is due to the novelty of AM and the need to more profoundly
understand its impact on industry and society. This includes public perception and how
business relates to the technology. Especially organizations which have implemented or is
trying to implement layered manufacturing technology in various degrees have been of
interest. These sources of information have provided inspiration for the research questions, as
well as shedding light on various practical applications. The unpublished sources of
information have been regarded as secondary to published literature and are used to illuminate
recent events in AM in line with Bryman’s (2012) argument that academic texts take some

time to be published, thus grey literature may be the only source of information.

3.3 Case
The case study started with an introductory meeting with the case company arranged through
the SISVI project. The case company is one of the industry partners who participate in SISVI.



The first meeting consisted of a presentation of the tentative scope of the thesis and discussion
about the topics of additive manufacturing and shared value creation. Initially, three specific
projects at the case company were considered relevant to the thesis based on connections to
SVC and technological development. The first project was a previously completed project
aimed at improving tools using AM. The second project was an ongoing venture with
customer, aimed at recycling plastic materials to create a closed loop in production, and lastly,
a vision to enter the healthcare market, supplying products for elderly care. Considering the
scope of the thesis, the first project was picked and thoroughly analysed. It may have been
interesting to use the other project examples as well, but they were deemed too demanding to

analyse in that they have little relation to AM and results would be speculations at best.

The chosen project and discussions with the case company guided the emergence of the
conceptual framework in line with systematic combining (Dubois & Gadde, 2002). The nature
of the project was such that in addition to the topics of AM and SVC, interactions in industrial
networks needed to be considered. Thus, moving away from the aspect of AM’s impact on
SVC in different cases, towards an analysis of the intricate network of elements that made
AM implementation possible and what impact it had on interconnected elements in the value
chain. The framework was further developed throughout the research as interviews with key
personnel added dimensions to, and altered initial preconceptions regarding AM. Especially
regarding interactions, as perceptions from literature had to be altered to fit the research e.g.
focusing on AM as a process as opposed to specific layered manufacturing technologies. This
process of matching reality with the theory adds depth to the research in that the framework is
renewed with new concepts that better fit reality (Dubois & Gadde, 2002).

3.3.1 Interview

Information about the case is based in two semi-structured interviews with key personnel in
the case company. The interviews were completed based on an interview guide (A. Appendix)
with specific questions, following Bryman (2012) guidelines for conducting a structured
interview so that the context is the same for multiple interviewees (Bryman, 2012). However,
given the nature of the research it was more beneficial to conduct semi-structured interviews
as these gives the opportunity to ask follow-up questions and discuss unforeseen information
that may come up. In addition, different interview subjects may have different views on the
themes of this thesis, which take the conversation in a different direction, making structured
interviews to rigid to be beneficial for this research. Thus, the interview guide was used to

make sure each topic was covered.



Key personnel that were interviewed:

e CEO
e Development department, projects manager

3.4 Limitations

In systematic combining it would be beneficial to have more sources of data i.e. more
interviewees that would result in redirection, and thus, keep evolving the framework (Dubois
& Gadde, 2002). Additional sources of data to map the case company and the project were
present through the project’s website and newsletters with updates on project progress. In a
systematic combining perspective, these sources of information result in redirection, but to
fully utilize this aspect of a case study approach, more interviews should have been conducted
with other actors who participated in the project. This could have expanded the understanding
of how interactions in networks played a role in the implementation of AM, whereas now, the

thesis focuses on interactions from the perspective of the case company.

3.5 Outline of the thesis

The following section presents an overview of how the thesis is structured.

e Chapter 2 presents the context of the thesis and the overarching hypotheses that lays

the foundation for the research questions

e Chapter 3 describes the method of the research, including the approach to finding

relevant literature for the different topics in the thesis.

e Chapter 4 presents relevant theory for each of the topics. The topics are first presented

in isolation, then combined into a conceptual framework in 4.4.

e Chapter 5 presents the case company and a project the case company has undertaken,

which will be analysed.
e Chapter 6 present findings in the case based on the conceptual framework.
e Chapter 7 discuss the findings in relation to the research questions.

e Chapter 8 presents the conclusion based on the initial hypotheses.
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4 Theoretical foundation

The following chapter presents the three main themes of the thesis.

e Additive manufacturing (AM)

e Technological development through interactions in networks

e Shared value creation (SVC)
The conceptual framework is based on the three topics of this thesis, namely additive
manufacturing, interactions in industrial networks and shared value creation. This chapter

present these topics separately and outline important aspects in each of them.

First, the topic of additive manufacturing is presented introducing how the concept is defined
in this thesis. Following this, there is a section reviewing literature with the aim to illuminate
what characteristics a product should hold to be viable for production with AM. In addition,
the process of AM portrays a range of benefits, but also limitations, which are discussed in

relation to the implications they may have in the value chain.

The concept of interactions is introduced, focusing on technological development in industrial
networks. Interactions are derived from Hékansson’s (1987) model for technological
development, which presents a model for industrial networks and arguments that supports
how interactions enable technological development in networks. Additionally, interactions are
discussed in relation to literature on relationships, especially pertaining to buyer/supplier
relationships in a development perspective. This includes the level of interaction that exist

between buyer and supplier and how more or less control affects the outcome of relationships.

SVC is based on the framework from an article by Michael E Porter and Mark R. Kramer
called Creating Shared Value (Porter & Kramer, 2011). SVC is also discussed in relation to

literature on sustainable supply chains, sustainable logistics, and sustainable purchasing.

The topics are comprised into a conceptual framework at the end of this chapter, discussing

how they may be regarded in connection to each other.

4.1 Additive Manufacturing

Additive manufacturing is a method of production and consists of many different
technologies, among them are 3D-printing (Pham & Gault, 1998). This section gives a brief
introduction to what additive manufacturing is and describes the process of AM. Additionally,
distinctive characteristics of AM will be discussed in relation to what products are fit for AM.
AM are being used in various contexts and some of these will be presented to provide the
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reader with real life examples of how the technology is currently being used. Lastly, AM is
discussed in relation to implementation and the implications that this may have for an

organization.

4.1.1 What is additive manufacturing?

Additive manufacturing is the process of applying material in layers to make a complete part.
A model of the part is drawn in a 3D Computer Aided Design (3D-CAD) program, and the
AM machine can create the part without planning the production process (Gibson, 2010).
Technologies differ in how they apply layers, some merges the different layers together using
heat to sinter whatever material is used. Some technologies use an adhesive to join granulates,
and other technologies use UV light on light sensitive materials. Different technologies also
present different material options, Stereolithography uses a bath of liquid polymer, and 3D-
printing (3DP) uses granulated plastic. Laminated Object Manufacturing uses regular sheets
of paper, and some technologies uses powerful lasers to melt metal wire or granulates to form
the part (Pham & Gault, 1998).

“Additive manufacturing is a process of joining materials to make parts from 3D-model data,
usually layer upon layer, as opposed to subtractive manufacturing and formative
manufacturing” (ISO/ASTM 52900:2015(E), 2015, p. 1).

The steps of the AM process is described here (Gibson, 2010) and illustrated in Figure 4.1

1. Conceptualization and CAD. The first step is to conceptualize the part you wish to
create, and make a 3D-model in a 3D-CAD program. Not all parts are fit for AM, and
before this step is undertaken the user should assess if the part qualify for AM. Parts
made using AM must be specially designed for this production method, or designed
for AM. One reason for this is because each layer has a finite thickness, making the

finished part an approximation of the design (Gibson, 2010).

2. Convert to STL format. STL (derived from the word ““Stereolithography”) has been the
standard file format for layered manufacturing technologies (Gibson, 2010). However,
this standard only defines surface mesh, and not colour, texture, material substructure,
and other material properties. In collaboration with ISO, ASTM international has
introduced a new standard file format called additive manufacturing file format (AMF)
(ISO/ASTM 52900:2015(E), 2015). AMF is supposedly easy to use, technology
independent, scalable and is backwards compatible with STL(Gibson et al., 2015).
Additionally, AMF has all the benefits of STL, but with fewer limitations. The AMF
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format also includes dimensions, colour, material. The STL file does not offer units of
these values (Gibson et al., 2015).

. Transferring file to AM machine and manipulate STL/AMF file. After drawing the 3D-
model on a computer, the file containing the model is transferred to the AM machine.
An operator may now manipulate the file by scaling it, and moving it around the
construction substrate. This step makes it easier to make more than one part at the
same time since you can stack them around the substrate.

Machine setup. Different machines and technologies have various levels of
customization, but some of the regular ones are layer thickness, print speed and
material choices. Those technologies that uses a printer head with liquid droplets will
be able to choose the size of the droplets. The choices made by the technician at this
point can have large consequences for the finished part’s mechanical properties, as
well as the time it takes to print. Thus, the operator must have knowledge about the
end use of the part, since e.g. the machine can build a part twice as fast, but this will
result in poorer resolution (Gibson, 2010).

Building. Step number 5 is reserved for the machine, which will build a real 3D-model
of the part. Most machines run independently at this point, and human intervention is

only necessary if the machine runs out of raw material or it malfunctions.

Removal and cleaning. Depending on the technology applied, different cleaning steps
must be taken. Some technologies build support structures that requires removal,
others use the excess material as support, which need to be cleaned of. Most
technologies need attention at this stage, and if the work is done poorly it can result in
damaging the part. For example, to remove the base plate of a metal part requires other

machines.

Post-processing. When the part is finished, and taken out of the machine the part
might require some post processing. Depending on the application of the part, this step
can vary a lot in time consumption. Activities in this step are polishing, painting, heat

treatment in cases of fragile components and machining due to accuracy discrepancies.

Use. The part is now finished and is ready for use.
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1. Conceputalization ; 2. Convert to STL i 3. Transfer and > 4. Machine setup
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Figure 4.1 The process of AM from conceptualisation of idea to use of part

In this thesis AM refers to the complete set of process steps in Figure 4.1. 3D-printing and
other layered manufacturing technologies are referred to as AM technologies. As is illustrated
in Figure 4.1, AM refers to a set of processes, where AM technology is at the core. Only one
step in the AM process is exempt human involvement, namely step 5, and even this step
might require human intervention in cases of deviation. Evidently, AM requires skills and
competencies beyond knowledge about AM technology.

4.1.2 Parts that are fit for AM?

As we shall see, AM is not beneficial for all types of product, and thus it is important to have
some criteria to assess each part. This section provides some characteristics regarding what
type of product is eligible for AM production, and at the same time gives an indication of the
benefits of AM. A list of the characteristics that make a product fit for production with AM is
provided in Table 4.1

Low volume production and parts that require multiple moulds are identified as a situation
where AM can be used (Achillas, Aidonis, lakovou, Thymianidis, & Tzetzis, 2015). Low
volume parts are desirable because the investment in production equipment for a low volume
part might be unjustifiable, especially if the equipment is asset specific. Another aspect is the
cost of inventory, which can be avoided by using AM in the case of low volume parts, as it
can be produced on demand. Low volume products can also apply to moulds where one uses
AM for rapid tooling (RT) by producing moulds with AM technology (Conner et al., 2014).
Thus, the “low volume criteria” can be circumvented by producing moulds to manufacture
high volume end-products. In situations that require multiple moulds, AM can reduce lead
time by producing the entire part or components of the part, thus eliminating or reducing

changeover time.

Other authors have found that potential applications for AM are characterized by small
production output, high product complexity, high demand for customized products and
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spatially remote demand for products (Weller, Kleer, & Piller, 2015). High product
complexity refers to the ability of AM to produce complex parts without raising cost in
manufacturing. Examples of this are internal structures in a part, that is made possible because
AM builds the part from the inside out, contrary to subtractive manufacturing. AM is also a
favourable means of production if there is a demand for customization or variation. AM offers
the freedom to rapidly change the design of a component without the need for changes to the
production equipment, which is illustrated in step 1 and 2 of the AM process in Figure 4.1.
Furthermore, this also relates to variation, where AM offers flexibility in variety with reduced
changeover time because the variation of a design can be done in step 1 or 2 while other parts

are being built.

The characteristics made by Weller et al. (2015) are typical in literature, but spatially remote
demand has been challenged on the basis that this would lead to excessive cost connected to
the cost of AM machines, the machine operators, raw material and material inventories. The
distributed deployment of AM capacity must be driven by a need for fast response and
flexibility and is a viable option for distributed production if the value of keeping asset
specific production equipment operational is high (Jan Holmstrém, Jouni Partanen, Jukka
Tuomi, & Manfred Walter, 2010).

Table 4.1 Characteristics of products that are fit for AM

Product characteristic Literature

Low production volume (Achillas et al., 2015)
Innovative products

High complexity (Weller et al., 2015)

Customized products
Cost of obsolescence is high

Geographically Dispersed demand (Weller et al., 2015)
(Jan Holmstrom et al., 2010)
Tools (rapid tooling) (Conner et al., 2014)

The characteristics in Table 4.1 are associated with AM’s capability to reduce setup time and
produce on-demand. However, the process of AM in Figure 4.1 indicates that one should
approach this notion with caution because there are multiple operations to consider beside part
manufacturing. The characteristics gives a good indication of what types of products are fit
for AM, but lead time reduction and cost savings must be assessed compared to conventional
methods for AM to viable (Conner et al., 2014).
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A final observation is that AM supports reduced lead time in design changes and production.
Consequentially, this can reduce the time to market for new products, thus supporting
innovative products (Achillas et al., 2015).

4.1.3 Implications of additive manufacturing

When considering AM as a production method, there are some aspects that need to be
assessed to find the right use for the technology. With respect to the process map, the first
aspect to consider is if the product has the characteristics of an AM part. Second, the AM
process indicates that there are aspects relating to the organization because of the need for

diverse activities and resources in each process step.

4.1.3.1 Cost.

Additive manufacturing technology requires financial investment, which is a limiting factor to
expand AM capacity (Mellor, Hao, & Zhang, 2014). Additionally, AM requires qualified
personnel to operate the machines, which also adds cost (Jan Holmstrom et al., 2010). The
cost of personnel and machines will increase if AM is to be used at more than one location
(dispersed capacity) because of the need to linearly purchase more machines and employ
more personnel as the number of locations increase. The process steps indicate that the need
for human intervention on AM machinery is quite small, thus, if all AM machines are located
in the same place (centralized capacity), the need for personnel will decrease, and might even
be as small as one. Consolidation of AM capacity defeats the purpose of the movable
production facility to some extent, but is an opportunity for consolidation of knowledge and
resource coordination. If used as a logistics hub it can be a positive way to consolidate

demand at one place (Jan Holmstrém & Jouni Partanen, 2014).

Another aspect of cost that should be considered is cost connected to the environment. In
metal printing, leftover particulates must be removed from the work area, which is usually
done with a liquid separator vacuum. The waste water from the process contains metal
particulates, which characterises it as hazardous material. Consequently, this adds costs due to
high charges for disposing the water and the lost metal powder that could be used in
production. Therefore, an additional environmental cost is present because of the sizable
water-use in the cleaning process, as well as the waste waters’ own impact on the
environment, especially if it is not handled correctly (Fuges, 2016). As a result, there are some
environmental issues connected to AM, which should be explored. Additive manufacturing is
also energy intensive, which incur energy cost, but also a cost to the environment (Weller et
al., 2015).
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Due to slow build speed, the process cost of AM is high. However, this will likely change

when the technology matures (Gibson, 2010; Mellor et al., 2014)

4.1.3.2 Materials.

Raw materials for additive manufacturing carry different challenges to potential AM users.
First, the cost of the material, specifically for metal printing is a major cost driver and can be
as much as ten times the cost of materials for traditional manufacturing (Douglas S & Stanley
W, 2014). Second, materials are often delivered by the same supplier who delivers the
machine. This poses a supply risk, as the supplier is left with all the power in the relationship.
Consequently, this can have a negative impact on the purchasing price and pose a supply risk
to the buyer.

4.1.3.3 Quality.

Another barrier to AM is the quality of finished parts, which is a problem due to lack of
standards in the AM industry. Especially the aerospace industry which requires strict
certifications can be affected by this. Parts made with AM technology may have varying
accuracy depending on technology (Gibson et al., 2015). Therefore, one technology may not
be sufficient, depending on the range of products to be manufactured. Quality implications

may also incur cost and complexity in design and post-processing due to varying accuracy.

4.1.3.4 Organization.

A company who wish to implement additive manufacturing must consider organizational
factors. First, it is important to recognize what resources are present in organization. Not all
firms possess the required skills and capabilities to use additive manufacturing technology
effectively. For example, step 7, Post-processing, require some form of machining skills,
especially if the products are to be sold to customer with high quality demands (Mellor et al.,
2014). On the other hand, Mellor et al. (2014) express that this is a trade-off, and that an
organization could put more effort in the design phase, focusing on design for quality. As a
result, the organization could perhaps evade or reduce the resources put into the post-
processing step. However, this requires more processing upstream, in addition to a

design/product development capability.

4.1.3.5 Logistics and supply chain.
An argument about the positive aspect of AM is the potential to quickly ramp up
manufacturing capability close to customers (Huang et al., 2012; Jan Holmstrom & Jouni

Partanen, 2014), which would reduce the lead time experienced by customer. However, the
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transportation cost of raw materials will rise as a result of this and it will result in more
inventory of raw materials (Daniel R Eyers & Andrew T Potter, 2015). This trade-off must be
weighed based on what type of raw material that’s in use. If there are many types of raw
materials it can result in a complex inventory, where obsolescence may become an issue.
Furthermore, this can be extra difficult, due to the high cost of materials (Douglas S &
Stanley W, 2014). To address the issue of cost, it is possible to look to logistics service
providers. The cost of AM machines are quite high, and will have a big impact on smaller
companies Consolidation of the demand could enable a logistic service providers to invest in
the technology and service a range of companies by using AM at strategic locations (Jan

Holmstrom & Jouni Partanen, 2014).

4.1.3.6 Communication

Eyers & Potter (2015) found that AM through E-commerce channels for Additive
Manufacturing (eCAM) would facilitate more communication with customers, resulting in a
better understanding of customers’ needs, and better position to deliver customized products.
However, customers would be required to know what is practically feasible by AM and the
lack of this knowledge could present a challenge. The supply chain would either way be
affected by communicating with customers, and would result in better visibility, leading to an

optimized production plan (Daniel R Eyers & Andrew T Potter, 2015).

4.1.4 Uses of additive manufacturing
AM has become more mainstream with the years, and this section present some companies

and industries where AM is being utilized.

4.1.4.1 Rapid prototyping

Additive manufacturing has been used for rapid prototyping (RP) for some time. RP is a
concept in which a manufacturer makes a design of a part and uses additive manufacturing
technology to rapidly make a prototype of the part (Jan Holmstrém et al., 2010). However,
this is only the beginning of the possibilities of the additive manufacturing technology
because it has evolved through the last thirty years (Huang et al., 2012). As it becomes more
sophisticated, the technology can produce more high-quality parts in different materials,
which broadens the scope of usage. There is an ongoing transition where some companies are
trying to make the move from rapid prototyping to rapid manufacturing (Mellor et al., 2014).

This focus seems to be about exploring the applications for metal AM.
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4.1.4.2 Aerospace parts manufacturing

Norsk Titanium AS are set to produce parts for use in the Airbus A350 XWB (“Norsk
titanium skal lage titandeler for Boeing,” 2016). The potential to create lighter parts due to the
ability to create internal structures makes AM attractive to the aerospace industry. Lighter
parts may be one of the key features to transfer to other industries. Especially from a
sustainability perspective, because lighter parts in vehicles will reduce their fuel consumption
(Gebler, Schoot Uiterkamp, & Visser, 2014). Consequentially, this is beneficial for the
environment, and from a cost perspective. Weight reduction is calculated to reduce fuel
consumption by 9-33% (Gebler et al., 2014).

4.1.4.3 Siemens

Siemens are producing gas turbines with the use of layered manufacturing technology. The
turbines were previously produced by combining two parts by welding them together. AM
makes this step obsolete by printing the two parts together in one process step. In addition,
cooling ducts are printed into the turbine blades, which earlier was done by drilling, making
them more effective. Siemens believes that by using AM, the time to repair certain models
can be reduced by as much as 90 % (“BRANDSTORY,” 2015). However, it is important to
consider that AM machines are not necessarily fast and that the print speed could offset this
number. Also, the printed turbine blades might not have the strength required, considering the
blades move faster than bullets at the tip, thus invoking a lot of G-force.

4.1.4.4 Bio printing

As previously mentioned, AM can make tiny complex structures inside the object it’s
creating. This is an exciting feature for the medical industry as Bio printing could be able to
produce biocompatible scaffolds embedded with growth factors. These could in turn be
seeded with stem cells to grow organs (Michalski MH & Ross JS, 2014). However, it is
difficult to make the microstructures at this small level, and at the required strength. 3D-
printing (3DP) and Selective Laser Sintering (SLS) could make its bindings strong enough,
but the extra use of laser or binder would bind more particles, and increase the dimensions
(Chia & Wu, 2015).

4.1.4.5 Healthcare

Dentistry has used AM technology for a decade making moulds for many common dental
implants (Huang et al., 2012). Blueprints of for example prosthetics can be shared and
manufactured by a personal 3D printer. In this way a person will be able to produce his or her
own prosthetics as the body grows with a few adjustments to the 3D model (Berman, 2013).
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Additive manufacturing is used in healthcare, for example by producing customized artificial
limbs and prostheses in addition to be used to make dental products like bridges and crowns
(Huang et al., 2012).

4.1.5 AM and SVC, results from literature review
The following section presents the findings in the literary review about AM and its potential

to create shared value (Sletfjerding, 2016).

4.1.5.1 Operations

Additive manufacturing can result in increased efficiency in manufacturing certain products
and safer work environments for employees. This is illustrated in Siemens effort to produce
burning tips for gas turbines using AM. First, they shortened production time for the product.
Particularly because Siemens’ earlier had to create two separate parts and weld them together,
where AM technology could make the whole part in one cycle. Second, by excluding the
welding step of the process, the production has become safer, as the dangers with welding was

eliminated.

4.1.5.2 Sales and marketing

AM enables the user to customize products to customer’s specification. In a shared value
perspective, this is especially interesting for health applications. Since there is no extra cost
for customization, products in need of customization is cheaper, and thus become available to
more customers. Also, products like hearing aids and artificial limbs, which needs to be

adjusted to a growing body can be produced cheaper.

4.1.5.3 Inventory

Additive manufacturing provides the opportunity to reduce finished goods inventory, as well
as spare parts inventory. The latter is especially interesting because the possibility to produce
spare parts for a product that is out of production will enable it to stay operational. Keeping
machines operational for longer can create shared value if the price of service is lower than
buying a new machine, and that the overall energy use of service is lower than producing a

new machine.

4.1.5.4 Logistics

Siemens explore the possibility to set up AM capacity in different locations to reduce lead
time for spare part delivery. Resulting in the possibility for shorter transportation distance,
thus reducing CO2 emissions. However, it’s important to clarify that the total transportation

will be the same, because raw materials for machines must be transported to the locations. If
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this were to become reality it is important to assess the centre of gravity (Christopher, 2011)
and use the mobility of AM technology to find the most cost effective, and environmentally
friendly point of deployment. These “mini-factories” will open for value creation and more
environmentally friendly transportation methods, because the shorter lead time allows re-
stocking in smaller batches. However, decentralising AM capacity will require more

manpower, thus raising cost, which can devalue this aspect.

4.1.5.5 After sale

Some AM technologies have the possibility of adding material to an existing part. This ability
opens for repairing products and parts on location in situations where one would usually need
to order new parts. The aerospace industry has shown potential in using AM to achieve an
extended life cycle through servitization (Jan Holmstrém & Jouni Partanen, 2014). However,
this would demand skilled personnel on location, which would add cost in addition to the cost

of machines and raw materials inventory.

4.1.6 Aspects of implementation

The literature has highlighted that additive manufacturing may be beneficial in several cases,
but that it should be approached with caution due to its limitations such as cost. Benefits and
limitations are summarized in Table 4.2. Consequentially, an organization which wish to
implement AM needs to assess their product, process and organization. First, it’s important to
assess the strategy of an organization, and analyse if AM can benefit its competitive position.
AM contain several benefits, and the purpose of AM in the organization must be clear, and in
line with these benefits. It is paramount that the products the firm delivers are reliant on some

of the characteristics of AM because the cost will quickly offset the benefits if not.

Table 4.2 The benefits and limitations as identified in the literature review

Limitations Benefits

Cost Design freedom, changes in product design
Energy use Complexity, integrated geometry
Raw material cost Less materials required/less scrap
High experienced workers Manufacturing flexibility/variety
Machine cost Customization

Range of materials Fast product innovation
Quality/consistency No finished goods inventory (MTO)
Size of build One-step-production

Skills and competencies in both AM and other

complimentary activities
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The research questions emphasise implementing AM to create shared value. The following
paragraphs presents an overview of the important implications of implementation, derived
from Mellor’s et al. (2014) framework for implementing AM in a firm who previously used

AM technology for rapid prototyping.
1. Competitive positioning

AM include benefits connected to competing on customization. A company with the intention
to implement AM should have a focus on utilizing the aspects of AM that can bring benefits.
An organization may refer to Table 4.2 in order to evaluate if their competitive positioning is
in line with the benefits AM provides. For example, AM are more fit for customization and
make-to-order (MTO) than economies of scale, and if an organization is focused on cost

leadership, AM technology might not be a strategic fit.

2. Purpose of AM

Implementing AM should have a purpose, such as improving a product or process. Since the
cost of AM is high there needs to be a specific plan on how it can benefit customers and the
organization. Here it is possible to look at aspects of a product and compare with the list of
parts that are fit for AM in Table 4.1. However, the specific uses of AM are illusive and the

purpose of AM should be approach with an innovate capability.

3. Effects on organization

An organization who implements AM must assess what this means in terms of how they are
organized. Depending on the organization it might require developing new skills and
competencies in design, AM technology, material knowledge etc. The implementation might
also make some positions obsolete while creating new positions elsewhere, thus requiring a
shuffling of positions within the organization, which points to a need for dynamic capabilities
(Teece et al., 1997).

4. Effects on value chain

There are bound to be effects on the value chain when implementing AM, on both primary
and supporting activities. Technological development will gain a new resource and need new
activities in relation to product design and process design. The purchasing function will
experience different challenges due to new suppliers becoming relevant. The logistics
function may be revised in relation to inventory, both raw material, which might be more

complex, and finished goods inventory, which might be less complex. AM of finished
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products, or by using it as RP will alter how the sales function communicates with customers
by being able to convey ideas and make changes to design on customers’ requests. As
discussed, the after-sale and service function may experience new possibilities related to an

extended lifecycle for products through servitization.
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4.2 Interactions

The following section presents the concept of interactions, and a model describing
technological development in networks. The model is based on various sources, including
resource interfaces (Araujo, Dubois, & Gadde, 1999), The creation and operation of a supply
network (Harland, Zheng, Johnsen, & Lamming, 2004), Industrial technological development:
a network approach (Hakansson, 1987), Strategizing in industrial networks (Gadde, Huemer,
& Hakansson, 2003) and Strategic networks (Gulati, Nohria, & Zaheer, 2000).

The main argument of this section is that to transform an invention into an innovation,
different activities and resources needs to be combined into novel resources and activities.
The chapter is outlined as follows, first, the concept of interactions is introduced. Second, a
model that illuminate industrial networks and its elements, presenting Hakansson’s (1987)
network model. Third, based on the model, Hakansson’s (1987) three arguments for why
technological development appears through interactions in networks are introduced. The

arguments are knowledge creation, resource mobilization and resource coordination.

The focus on interactions in this thesis is based on the assumption that collaboration with
suppliers is beneficial for development projects. The rationale for collaboration in relation to
new product development are discussed by various authors (P. Cousins, Lamming, Lawson, &
Squire, 2008; R. B. Handfield, Ragatz, Petersen, & Monczka, 1999), and the network
approach is argued to be a favourable tactic to organize the implementation of new
manufacturing technology as these consists of close relationships that provide resource
efficiency (Bessant, 1994). On the other hand, networks also provide an agile aspect since
participating organizations may have independent decision making processes, thus making
them more responsive in relation to their resource configuration (Choi, Dooley, &
Rungtusanatham, 2001)

4.2.1 Interactions — a process

The definition of interactions in the thesis is derived from a description of relationships,
arguing that they are best illustrated as a continuous process with inputs and outputs (P.
Cousins, Lamming, Lawson, & Squire, 2007). Inputs to the process are the actors and
resources the actors bring with them. Through the process, resources are transformed into
products or services and constitutes the output of the relationship. Interaction is the
intersection between actors where they perform activities that combines each other’s
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resources as depicted in Figure 4.2. A relationship is regarded as a resource and can be an

input or an output to the process.

Input: Output:
Resources Process: Products/service
B Hum.an :: ; Transformation and ::> Relationships

- Physical transaction activities

- Financial

- Relationships

Figure 4.2 Relationship as a continuous process, derived from Cousins et al., (2007)

The definition by Cousins et al (2007) requires two entities, but this thesis will consider the
perspective of polygamous relationships in networks. Due to the assumed barriers of
implementing AM, it’s reasonable to believe that the skills and capabilities needed are found
with a variety of actors, thus several partners will affect the implementation process.
Polygamous relationships encompass, apart from the activities between two actors, also the

effects such a relationship may have on other actor relations.

4.2.2 Interfaces

Interactions can have various levels of intensity. To illustrate this, the concept of resource
interface is introduced. An interface is the intersection where resources from a buyer and a
supplier are confronted with each other (Araujo et al., 1999). The interfaces have
consequences, including benefits to innovativity, productivity, and cost related to the intensity
levels of the interaction. The following section briefly describes the interfaces, which describe
relationships ranging from arm’s length relationships to close collaborating relationships
(Luis Araujo, Lars-Erik Gadde, & Anna Dubois, 2016). The main characteristics of each
interface is presented in Table 4.3.

1. Standardized interface

Standardized interface requires minimal interaction and is characterized by the transfer of
standardized products. The supplier can take advantage of learning curve effects and
economies of scale, which in turn trickles down as a benefit for the customer. The cost
associated with this interface is mostly the purchasing of the product, but might also be found

in indirect costs elsewhere. There is no innovativity to gain for the customer.
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2. Specified interfaces

Customers provide specific directions on product, such as how it’s made. There is a
possibility for the supplier to gain economies of scale by pooling similar orders. The cost
associated with productivity is that suppliers lock-in their resource base and have little
possibilities to influence specifications. There is little innovativity gains in this interface, and

because of the lock-in, development of the supplier’s resources may suffer.

3. Translation interfaces

The buyer specifies the user context and functionality that is required, but gives the supplier
freedom to propose innovative solutions. This can result in more efficient solutions that
provide better productivity. However, the supplier may not share all benefits with the buyer,
thus creating cost for buyer. Even though the supplier has freedom to innovate, they might not

have enough knowledge about application context of the product to innovate sufficiently.

4. Interactive interfaces

Interactive interface is based on joint development and combines the knowledge of the
supplier and the buyer. There is cost related to both productivity and innovation because the
interface demands investment in the relationship as well as learning activities and knowledge
development. Provided enough investments are made, interactive interface yield productivity
returns in the form of shared cost consideration, and innovation returns due to suppliers

having increased information about buyer context.

Table 4.3 The four interfaces showing the prospect for innovation rising as the interface becomes more intense as the
actors have more knowledge of each other’s resources (Araujo et al., 1999).

Interface Characteristics Productivity Innovativity

Standardized | Minimal interaction Supplier’s learning None
Sourcing standardised goods curve

Specified Supplier given blueprint of Supplier can pool Little to none due to
product orders gaining low supplier autonomy
Outsourcing economy of scale

Translation Context and functionality of Supplier may have Supplier can make
product productivity enhancing | innovative suggestions

solutions
Interactive Joint development Shared cost High possibility for
innovation

26



4.2.2.1 Strong and weak ties

Hakansson (1987) stresses the importance of strong and weak ties. Strong ties are defined as
close relationships where internal resources are combined with external resources
(Hakansson, 1987). They can be compared to the interactive interface due to the close contact
between the organizations. Conversely, weak ties are not relationships, but spring out from
interaction with actors without having a relationship. This interaction is mostly on an
individual level and informal (Granovetter, 1973 in Harland et al., 2004). Communication
channels which can enable information transfer in the network is considered to be the defining

behaviour of weak ties (Hakansson, 1987).

4.2.3 Network model (Hakansson, 1987).
The actor, resource and activity model in Figure 4.3 provides a description of what a network
is and how it functions. The following section presents the elements of Hakansson’s (1987)

model and how they are connected.

Actors
Individuals, firms, NGOs,
governments, Clusters

Resources
Physical, financial,
human

Activities
Transformation,
transaction

Figure 4.3 Hakansson’s (1987) network model derived from Industrial technological development: A network approach
(p- 17)

4.2.3.1 Actors.

Actors are defined as individuals, organizations or a group of organizations that perform
activities and/or control resources. Actors are described based on activities the actor performs,
the resources the actor controls and knowledge the actor has about resources, activities and

other actors in the network.

Actors are the structure of the network, and by influencing each other through different

activities the network evolves (Choi et al., 2001). Furthermore, actors can influence the
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network by taking various positions on collaboration. Through aligning positions actors may
gain leverage over suppliers, change or set industry standards or engage in technological
development (Meyer & Wit, 2014). There are potentially many different actors that can be
involved in a network. Actors are not necessarily firms, but includes, governing bodies, NGOs
or research clusters etc., which must be considered due to their power to influence in different
ways for example by creating policies or introducing research that could affect other actors in
the network (Meyer & Wit, 2014).

4.2.3.2 Activities.

Activities are performed to transform resources. There are two main categories of activities,
namely transformation and transaction activities. Transformation activities are characterized
by one resource being modified by combining it with other resources. Transaction activities
supports transformation activities by transferring resources between actors (Hakansson,
1987). The network perspective focuses on coordinating activities with other actors to
enhance productivity (Gadde et al., 2003). De Wit and Meyer (2014) provides an example in
lumping relationships, where similar activities like logistics systems are synchronised to
improve visibility and just-in-time deliveries. However, due to the demand to invest in similar
technology in this scenario, dependencies arise, which needs to be systematically managed,
because interdependencies are important to gain full advantage of the relationship (Gadde et
al., 2003).

4.2.3.3 Resources.

Resources are physical assets (machines, material), financial assets and human assets
(knowledge relationships). Relationships are resources in themselves, for example the
relationship with customers is a resource because it provides income for the focal firm. The
relationship also provides a link to other companies’ resources, opening for combining and
recombining them with the firm’s internal resources. Furthermore, customers have knowledge
about application of the product they’re buying, which is useful to the supplier’s technological
development (interactive interface). Consequently, the value of the supplier’s resource can be
altered through the relationship by combining it with the application knowledge of the buyer
(Gadde et al., 2003). Relationships are important resources because they connect a firm to the
network, and through this makes more resources available (Hakansson, 1987).
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4.2.4 Interconnectivity of the elements

Interactions in a network contain the three elements, actors, activities and resources. These
elements are interconnected and must be considered in conjunction (Gadde et al., 2003). The
resources an actor possess guides the activities an actor can and should perform. This
statement will be discussed in relation to Strategic alignment and Interdependencies by

considering the input/output relationship model of Cousins (2007).

4.2.4.1 Strategic alignment. Expectations and result.
1. Consider output

Considering the output first, strategic alignment can be defined as performing activities and
allocating resources according to higher lever strategy (P. Cousins et al., 2008). This entails
measuring activities performed by individuals or the organization by assessing the resources
that constitutes the output (P. D. Cousins & Spekman, 2003). The output is, as mentioned
earlier, goods or services from transformed resources. In this thesis, output is focused on
technological development through interactions. The desired output must be communicated in
the organization, be it cost, quality or innovation so everyone involved understands what are
expected from the interaction. In essence, actors must consider what should be the outcome of
the project based on the strategic focus of the organization The importance of considering the
outcome is evident because relationships, and especially close collaborating relationships are
resource intensive (Araujo et al., 1999; P. Cousins et al., 2007)

2. Match with input

To achieve the desired output of interactions, actors must invest resources in the project.
Actors must consider internal resources that are available, and allocate the correct resources
as a function of the envisaged outcome. In addition, external actors’ resources must be
assessed because these are an important input for the interaction (R. B. Handfield et al.,
1999). With a clearly desired outcome of the interaction the actor must also examine the
available resources in the network and articulate what is needed to the respective counterpart.
Choosing the right actor and connecting to their resources is done through various transaction
activities. Dependent on what the outcome of the interaction is, these activities differ in how

resource demanding they are (see interfaces).
3. Measure

Lastly, it is important to assess the project, which is done through measuring the output of the

project. Referring to the strategic goal, Cousins (2007) presents criteria for measuring the
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success of a project as SMART (Specific, measurable, achievable, relevant and time bound).
Measuring are important, especially in polygamous relationships due to there being multiple
actors seeking to gain something from the interaction. Thorough measuring of the output
contribute to participating actors having a better understanding of how their contribution
achieves benefit for themselves and the cooperation (Monczka, Petersen, Handfield, &
Ragatz, 1998).

Strategic alignment shows how interactions connect actors through continuous processes and
how interactions alters actor dimension. The activities an actor performs before, during and
after interactions should be assessed regularly. Especially since the output of the interaction
can alter the available resources, thus providing new opportunities for inputs. This in turn

alters the position of the actors and the activities they must undertake.

4.2.4.2 Interdependencies.

Interfaces have different demands for resources and the intensity of activities the actors
perform. The different interfaces poses different levels of dependencies between the actors,
where standardized interfaces have low or no dependence and become more intense moving

towards interactive interfaces (Araujo et al., 1999).

In business relationships, various degrees of dependencies arise within different contexts.
These contexts can be technological, knowledge, social relations, administrative routines and
systems and legal ties (Hakansson & Snehota, 1995). Organizations are connected through
such dependencies by using the same information systems or having specialized technology
fit for each other’s operations. The context of technology and knowledge are resource based
contexts. Transaction activities that are performed by actors in a relationship will affect the
level of interdependency in relation to the resources involved in activities. Furthermore, these
interdependencies have implications for the surrounding network actors through the concept
of connectedness, which describes the network environment as relationships that are
connected. For example, the relationship of a buyer and supplier is affected by the
relationship between the supplier and its supplier (Blankenburg & Johanson, 1992). This
explains the interconnectedness of the element of a network, because when actors interface
with other actors, they transfer and alter resources, which alters what resources a company has
access to. Consequentially, interdependencies dictates to some degree what activities can be
performed due to the change in resource configuration. Interfaces poses different levels of
interdependencies and have impacts on other relationships the actors are engaged in (Araujo
etal., 1999).
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Initially in this section we introduced the actor dimensions and the discussion of
interdependencies and connectedness shows the importance of the knowledge actors have
about the network. In addition, one can try to control these connection, which makes sense if
the connection has strong impact on the relationship (Blankenburg & Johanson, 1992).
However, engaging connected actors imposes cost, and controlling these should be

approached with caution.

Interdependence and connectedness explains how the elements are variables in the network.
As actors are interacting in combining resources or by transferring the control of a resource to
another actor the network is evolving because of the cascading effect this has on other
relationships. It is important to be aware of these changes because the resources that are
available to an actor dictates what activities it can perform. We have also seen the importance
of strategic aligning resources and activities in relation to the outcome of interactions. Being
aware of the impact interactions have is important in an everchanging network and should be
managed and monitored to gain access to important resources (Andersen, Cook, & Marceau,
2004).

4.2.5 Technological development - Processes in the model.

Technological development is a process of innovation where new solutions are invented to
improve an aspect of a business. This can be improved raw materials for a certain product,
processes that makes production more efficient or improved functionality of an existing
product etc. Essentially, it is supposed to add value to the product or service offered by a
business (Hakansson, 1987). Hakansson (1987) argues that technological development and
innovation happens in interactions between actors and bases this on three arguments;

knowledge development, resource mobilization and resource coordination.

4.2.5.1 Knowledge development

Innovation emerges at the interface of different knowledge (Hakansson, 1987). Knowledge
can be new products or processes, application knowledge about certain technology,
manufacturing capability etc. For example, in a supplier/buyer relationship the knowledge of
the supplier interfaces with the knowledge of the buyer, which the buyer in turn transforms
into a product, or use in a process. Thus, the knowledge of the buyer is combined with the
knowledge of the supplier. Transaction activities supports knowledge development by
transferring resources between actors. Essentially, novel solutions are a product of the

combination and recombination of different resources and knowledge (Hakansson, 1987).
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The type of knowledge that are exchanged differs, based on the characteristics of the
interface. Resources can interface at various levels, which provide different levels of learning
and innovativity, of which an interactive interface provide the highest level of innovation
(Araujo et al., 1999). Interactive interfaces are however more resource intensive than other
interfaces, for example Standardized interfaces which has low switching cost and does not
require investment in the relationship. However, standardized interface does not offer
innovativity, but it still provides some form of “new” knowledge relative to the knowledge
put into the process. The interfaces show how different knowledge is transferred between
actors in the network. For example an interactive interface can yield tacit knowledge transfers
because trust between actors eases the flow of tacit knowledge (Dyer & Nobeoka, 2000),

while standardized interfaces yield explicit knowledge.

Regarding a network, it is not only the immediate relationships that needs to be considered,
but also that actors further away in the network has resources that could help renew the
innovation process. The difference between strong and weak ties illustrate this point.
Hakansson (1987) stresses the importance of weak ties because these are much less resource
demanding than strong ties (close relationships) and can be a source of new information, thus
enabling knowledge development. Admittedly, the best basis for innovativity is the interactive
interface, but is supported by information channels through weak ties (Harland et al., 2004).

4.2.5.2 Resource coordination

The resources an actor control is limited and if an actor lacks certain resources for a
development project, these might be accessed through other actors in the network. Involving
suppliers early in the product development process can have positive effects on cost and
quality (R. B. Handfield et al., 1999). This leads to the next argument of technical
development, which is resources coordination. New knowledge arises at the intersection of
closer relationships when the resources are interfaced interactively (Araujo et al., 1999;
Hakansson, 1987). Resource coordination is a process that deals with the fact that other actors
are better at certain things, and coordinating internal resources with these actors could prove
beneficial as demonstrated in literature that has found that integrated production networks

outperform non-integrated ones (Dyer, 1996; Dyer & Nobeoka, 2000).

From a network perspective, this does not necessarily happen in a dyad, but with many
different actors who possess resources relevant to a certain development project. Considering
a purchasing perspective, coordination between buyer and supplier can lead to a more

efficient execution of supply. This is illustrated by the transaction activity of information
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processing (Harland et al., 2004), where creating more visibility through information sharing
technologies, can reduce demand distortions. Harland (2004) also exemplify resource
coordination through the activity of resource integration where actors are sharing both human
resources (knowledge of product or process) and physical resources (manufacturing
equipment). The activities are connected to the interactive interface, and are thus resource
demanding and should be managed by executing other transaction activities in parallel to raise
certainty. Likewise, this also addresses the importance of actors to be aware of what resources
and skills are present in the network. As knowledge about supplier capabilities is critical for
success in product development (R. B. Handfield et al., 1999), it’s important to recognize
other actors in the network when coordinating resources. Hence, the importance of both
strong and weak ties, as the weak ties can yield the needed information about other actors.

Resource coordination comprises a variety of actors, but the common denominator is that they
are connected to a close relationship. However, actors benefit from performing other activities
connected to weaker ties to collect information that can be valuable in assessing the network.
The main goal of resources coordination is to interface various resources and knowledge to
achieve knowledge development. Next, the concept of resource mobilization will be

presented, which is the process of receiving the new knowledge into the organization.

4.2.5.3 Resource mobilization

When an invention or knowledge is presented into a firm, it will become dependent on other
processes, products or services (Hakansson, 1987). The new knowledge is of no value if the
actor cannot apply it in their operations, which means it’s essential that the organization
perform activities that support learning processes connected to adaptation of the new
knowledge. Resource mobilization is defined as assigning resources to new knowledge and
perform transformation activities on that knowledge (Hakansson, 1987). An actor needs to
mobilize resources to make the invention useful for the situation, thus make it an innovation.
Hakansson (1987) argues that the innovation process can be compared to mobilizing
resources because innovation activities are essentially assigning resources to new knowledge.
It is important however, to recognize that the resources that needs to be mobilized are at
contest from other activities in a firm (Gadde & Snehota, 2000), which shows the importance
of mindful prioritizing in resource mobilization. If knowledge that is presented to the
company doesn’t get enough resources, such as human resources, opportunities will be
wasted. Mindful resource mobilization is especially important if the resources in question are

scarce, or the activities are resource intensive. Another question is what resources to mobilize,
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which is dependent on the knowledge the firm has acquired, or wants to acquire. If it’s a new

technical solution it is likely that the firm will mobilize R&D resources to be able to adapt the
new solution to the firms’ processes, thus making it an innovation. In some cases, mobilizing

resources is not about innovation, but about implementing new knowledge, leading to

mobilizing human resources and perform learning activities.

Knowledge development, Resource coordination and Resource mobilization must, like the
elements of the network, be seen in connection to each other. Knowledge development is
driven by coordinating resources with other actors. Resource coordination demands resources
to be mobilized, and the knowledge gained from this interaction, for example a new process,
must be adapted to the actors existing processes through resource mobilization. The proposed
interconnectedness is illustrated in Figure 4.4. The degree of interface between two actors lay
the foundation for which knowledge is developed. When coordinating resources, actors decide

the degree of interface, and mobilize resources based on this decision.

Knowledge development

- Resource coordination

Resource mobilization

Figure 4.4 The interconnectedness of Knowledge development, Resource coordination and Resource mobilization

4.2.6 Interactions framework

The following section presents the arguments of technological development as it is thought to
be applied in the conceptual framework. Based on these arguments, the interactions in the
case will be analysed. The framework is based on the arguments for technological
development in networks by Hakansson (1987) and activities described by Harland (2004) for

operation in supply networks.

4.2.6.1 Knowledge

The starting point would be to evaluate what knowledge is required for the technological
development. This is important because in interactions both intended knowledge and
unintended knowledge might appear. By having a planned outcome for a relationship, the

relevant knowledge can be sorted out, and as has been demonstrated in resource mobilization
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this is imperative due to limited resources for learning activities and transformation activities
of the knowledge in question. To best utilize the network, it is crucial to have strong and weak
ties because new knowledge can be picked up through the weak ties, which is decisive for
bringing novel ideas to the table. At the same time, the strong ties of the actor must be
considered because there is already invested a lot in them and these are the main sources of

knowledge development.

To support knowledge development an actor should engage in Knowledge capture and Social
coordination (Harland et al., 2004). Knowledge comes in the forms of tacit and explicit
knowledge, which are transferred differently (Dicken, 2011). Explicit knowledge requires the
actor to be aware of what knowledge is out there and what knowledge it seeks. Explicit
knowledge is transferred with relative ease as it can be written down and taught. Tacit
knowledge on the other hand, is not as easily attained, but can be facilitated through social
coordination i.e. activities where individuals in different organizations socialise, creating
common norms, social bonds and trust. The mentioned activities should enable transfer of
tacit knowledge, thus creating an intersection of different expertise that can lead to knowledge

development.

By engaging in knowledge capture and knowledge diffusion the new knowledge may become
relevant. Social coordination does not necessarily mean that the organization receives useful
adaptations of the knowledge. This is because tacit knowledge that’s transferred through
human relations must be actively listened to by the actor (Bathelt, Malmberg, & Maskell,
2004), which entails capturing, translating and diffusing it to the members in the organization
or network (Andersen et al., 2004).

4.2.6.2 Coordination

If the knowledge is not found within the focal company, the actor would need to search
elsewhere to find this resource. This would lead to activities of finding suitable actors to
cooperate with, and transaction activities with those. It is possible that more than one actor
need to be approached, because the resources needed cannot be found in one place. In such a
scenario, the focal firm needs to identify what resources exists and decide what type of
relationship would be suitable with different actors based on their resources and capabilities
(R. B. Handfield et al., 1999). In addition, connectedness between relationships should be
considered due to their effects on an actor’s relationship (Araujo et al., 1999; Hakansson &
Snehota, 1995).
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Activities connected to resource coordination are transaction activities such as resource
integration, information processing, partner selection and risk and benefit sharing (Harland et
al., 2004). These activities illustrate how resources are transferred between actors, thus

creating an intersection of the resources, which may lead to knowledge development.

Resource integration connects two actors by integrating human and physical resources.
Examples of integration of human resources is when personnel from one actor is loaned out
and spends time with another actor. This activity has similarities with social coordination as
presented in knowledge development, because the human presence at another actor

encourages interactions at a personal level, thus creating an intersection of knowledge.

Information processing is about sharing information between network actors, such as
information on price, cost, production schedule and demand. Furthermore, information
processing can be facilitated through information and communication technology and is part
of making the network more transparent. This activity is more linked to productivity
enhancements than innovation, but is still a part of coordinating resources in that information

is transferred between two actors.

Sharing risk and benefits are important to ensure that actors cooperate in joint development
projects (Harland et al., 2004). Sharing of risk can be equal contribution in technology
investments that yield benefit to both parties through joint ownership. Trust is crucial between
actors in technological development as it can enhance the access to external actors’ resources
(F. lan Stuart & David McCutcheon, 1996; Monczka et al., 1998). This is important as joint
development requires interdependencies, and trust is necessary to manage these
interdependencies successfully. Ensuring that all actors perceives benefit from the interaction
may reduce the potential for a one-sided relationship where one actor enforces control over
the other. One-sided relationships may lead to opportunistic behaviour. Such relationships,
where one actor enforces control over adjacent actors are not compatible with the perspective
of technological development because control is a barrier to innovation (Choi et al., 2001;
Gadde et al., 2003).

Partner selection is the activity of choosing the correct actor to interact with. Based on the
competencies that the focal actor possess, partners should be selected to complement these. It
is critical with knowledge about the capabilities of actors which the organization interacts
with to successfully integrate them in development projects (R. B. Handfield et al., 1999).
With this knowledge actors must make an informed choice of partners in relation to what
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interface is desirable and how many partners should be involved (Harland et al., 2004;
Monczka et al., 1998).

4.2.6.3 Mobilization

Resource mobilization is the process of internalising new knowledge and make resources
available to perform learning activities. It is important that the right amount of resources is
allocated to the right activities to ease the implementation, and to avoid excessive resource

use.

In knowledge development, the organization need to mobilize resources that supports learning
activities as well as knowledge diffusion and capture. Mobilization is about making internal
resources available for different activities, mainly transformation activities. To internalise
new knowledge the most prominent resources would be human resources as they are the ones
who will adapt the new knowledge. However, new knowledge might also demand physical

resources in the organization, which the learning activities will be performed on.

Resources are mobilized as a reaction to resource coordination due to the resources that are
transferred through coordinating activities. The resources an organization mobilizes spans the
three main groups of resources, namely physical, human and financial. The combination of
these depend on the interaction, as illustrated by the interface model where it is apparent that
the different interfaces demands different resources, and different amounts of them.
Mobilization will be assessed in relation to what resources an organization disposition in
development projects, both in relation to resources that are interfaced with actors and the
resources that are dispositioned internally to capture and adapt knowledge that enters the
organization. The focus of mobilization is on the internal aspect, but due to the interaction
perspective of the thesis there may be a scenario where new knowledge is adapted to the
organizations value chain through transaction activities. Thus, making it necessary to weigh

mobilization in the external perspective as well.
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AM = Invention ——— |nnovation = SVC
Interactions:

- Knowledge development
- Resource coordination
- Resource mobhilization

Figure 4.5 The hypothesised process of making use of AM to create shared value by using Hakansson’s (1987)
arguments for technological development.

The framework presented in this section is hypothesised to enable the implementation of AM
through the arguments for technological development in networks. By viewing AM as an
invention, interactions may turn it to an innovation by adapting it to an organization’s value
chain through resource mobilization and resource coordination with other actors to develop
new knowledge. Figure 4.5 illustrate the process of implementing AM through interactions,

with the output being AM as an innovation that in turn leads to SVC.

38



4.3 Shared Value Creation

The following chapter focuses on shared value creation, which is a framework to guide
businesses on how to create value, not only for shareholders, but for stakeholders as well. The
focus of this thesis is interactions and relationships in the supply chain, and theory from the
field of green supply chain management, sustainable supply chain management etc. will
embellish on the shared value concept.

4.3.1 SVC - the avenues.

Shared value creation is a framework that looks at competitiveness with a non-traditional
view. The idea for this framework was first introduced in Strategy and Society (Porter &
Kramer, 2006), and refined in Creating Shared Value (Porter & Kramer, 2011). Porter and
Kramer argue that traditional views on how business works does not comply with today’s
business environment. Specifically, the critique is that businesses focus to much on short term
monetary gain, e.g. the shifting of activities to countries with low wages. This short-term
focus is met with civil society and governments imposing taxes and legislation that forces
businesses to address social weakness. This scenario creates a notion that there are trade-offs
between doing good and making profit. SVC is about blurring out these perceived trade-offs
with a framework that combines the concepts of profit and corporate social responsibility
(CSR) into the concept of creating shared value. The argument, is that in order to do good by
the environment and society, a value principle must be used. Value is defined as benefit
related to cost, and SVC’s philosophy is that by employing a value concept, business and
society will work on equal terms, which result in more effective achievement of objectives
(Porter & Kramer, 2011).

Creating shared value takes place on three avenues; Reconceiving products and markets,
redefining productivity in the value chain, and enable local cluster development. The three
avenues are interconnected and must be seen in relation to each other. Enhancing activities in
one of the avenues, will create opportunity in one of the others. Shared value is not about
doing different environmental and social projects, but about undertaking projects that can be
directly connected to the value chain of a business.

4.3.1.1 Reconceiving products and markets (Porter & Kramer, 2011)

In advanced economies, there is a growing focus on products with environmental and/or

social characteristics (Laroche, Bergeron, & Barbaro-Forleo, 2001). For example, cleaning

products should have chemicals that are non-harmful/allergy friendly and food should be

grown ecologically and generally be healthy. Compared to more traditional ways of doing
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business, where taste and volume is more important, this defines a new type of demand.
Customers are more environmentally and socially conscious, which means that businesses
must start to ask themselves the question: Is our product good for our customers? Thus,

companies must reconceive their products (Porter & Kramer, 2011).

Reconceiving markets is about realizing potential in markets that has not yet been utilized.
Some are hard to reach because of poor distribution lines and others are not perceived as
attractive enough. These markets are often characterised by a poor population, and can be
found in developing countries as well as developed ones. Another characteristic is that the
size of this population is big, which means that there are a lot of potential customers. One can
divide the markets into two groups. First, the developed world, where a business can ask if the
products they are delivering are good for the customers. For example, creating healthier food
options or products that save electricity. Second are the markets of undeveloped countries, or
the extremely impoverished areas of developed countries. These markets are quite interesting,
because they represent an untapped market with a large combined purchasing power. These
markets also need to be serviced, in that they need financial services, health services and
information services. By providing products and services tailored to the specifications

required in these markets a company is reconceiving it (Porter & Kramer, 2011).

Reconceiving products and markets are the first step to creating shared value for a company.
On this level, a company must identify the social and environmental impacts inherent in their
products. Consequentially, organizations can make changes to their products that might give
the company a competitive edge, or even discover new markets to sell their products. When
altering a product, or deciding to service new markets, changes and opportunities will arise.
Reconceiving a market is to identify social and environmental issues experienced by
consumers, and address these through appropriate products and services. Thus, revealing an
opportunity to reconceive products by altering them to contribute with social and/or
environmental value for consumers. Some products must be altered to fit the market in
question, for example taste preferences varies from region to region. At the same time, if a
product is reconceived in a SVC manner it could also be beneficial for markets in other

locations, thus revealing an opportunity to reconceive these markets.

4.3.1.2 Redefining productivity in the value chain (Porter & Kramer, 2011)
The value chain consists of the activities a company executes to create value, as well as
activities supporting the value adding activities (Barnes, 2001). Every activity has some

impact on the environment and society, and is affected by these issues (Porter & Kramer,
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2006). Shared value creation proposes that productivity improvements in each of these
activities will improve profits for the firm, and in addition have potential to enhance
environmental and social performance. The following describes possibilities to create shared

value by redefining productivity in the value chain.
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Figure 4.6 Porter's value chain with each activity’s social and environmental impact reprinted from Strategy and
society: The link between competitive advantage and corporate social responsibility (p. 8) (Porter & Kramer, 2006)

Energy and logistics. Energy use is a theme in most aspects of business, supply chain,
distribution, processes, buildings and support services all require energy. Environmental
legislation and rising demands for energy puts pressure on energy prices (Porter & Kramer,
2011). To cope, businesses may innovate technology, recycle, cogeneration etc. to improve
their energy utilization. Especially, shipping is quite energy demanding, as well as it ads cost
through complexity, lead times, inventory costs and management cost. Reducing shipping
distances, and other steps that reduce the need to move cargo will create shared value by

cutting the costs and at the same time reducing carbon emissions.

Resource use. Another aspect of redefining productivity is how a firm utilizes resources.
Technology drives the possibility to utilize resources such as water, raw materials and

packaging. Furthermore, recycling and reuse of resources might prove to be an effective way
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of utilizing resources. Depending on what quality of recycled materials, how expensive it is,

and the resources (in this case maybe energy) used to recycle.

Procurement. Companies are focusing on commaoditizing in situations where they have
bargaining power, which leads to a focus on cutting costs in small businesses and subsistence
farmers (Porter & Kramer, 2011). Outsourcing to suppliers in lower-wage locations is also
frequently used. SVC proposes that marginalized suppliers cannot remain productive, and will
have difficulties sustaining or improving quality. This also affects a supplier’s environmental
impact, in that a strong supplier often has a lower environmental impact. SVC focuses on
supply base continuity to boost productivity in procurement, which can be achieved through
technology sharing, increasing access to inputs and financial help. It is also pointed out that
outsourcing creates transaction cost and inefficiencies that can offset low wages and input
cost. By using more local suppliers, and focusing on developing them can reduce cycle time,

increase flexibility, foster faster learning and enable innovation (Porter & Kramer, 2011).

Distribution. In SVC, distribution is about distributing products in a smarter manner,
essentially, redefining productivity in distribution is about accessing hard to reach markets.
As a result, society can benefit by getting access to lifesaving products like medicine, hygiene
products, news and information etc. Additionally, it can provide work and opportunities for

other business in these areas.

Employee productivity. Employees are a driving force behind value creation, and SVC
recognizes that a living wage, wellness, safety, training and opportunities for advancement
has a significant impact on productivity. Keeping costs down by cutting in salaries, health and
wellness programs and outsourcing, might save money, but it will result in lost employee
productivity. Reducing employee benefits might result in: lost workdays due to sickness,

retraining of personnel and low productivity due to morality issues.

Location. SVC considers the notion of “location doesn’t matter”. This notion came to be
because logistics are inexpensive, information flows easily and markets are global (Porter &
Kramer, 2011). With carbon emission prices rising and the inefficiencies connected to
outsourcing it is possible to boost productivity by sourcing locally. There are some benefits to
this, first, proximity with suppliers and customers can reduce logistics cost by reducing fuel
consumption. Second, the ability to restock in smaller quantities can reduce the cost of
keeping stock.
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The above efforts are mutually reinforcing in that improvements in one activity may reveal
opportunities in others. For example, by using local suppliers you touch the location effort, as
well as it helps improve the energy and logistics effort. At the same time this focus gives the
opportunity to have a closer relationship with suppliers, touching the procurement effort as
well. Different organizations will find not all efforts apply equally to them, and it’s important
to focus on those efforts that have the greatest impact on their product and value chain. Figure
4.6 illustrates the value chain and various impacts different activities have in a social and
environmental perspective, and can be used by organizations to evaluate their position in

relation to 