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Abstract 
 
The role of digitalisation in open innovation activities is increasingly attracting organisations. Digital 
platforms seem to enable multiple partners to co-create better services and customer outcomes, 
i.e., service innovations. However, it seems that organisations are facing challenges in adopting 
digital open innovation activities. This research aims to better understand the use of digital open 
innovation and co-creation activities. In this research, altogether 47 semi-structured interviews were 
accomplished in 8 service organisations. Early results of this research indicate that the organisations 
are aiming to increase digital open innovation and co-creation activities, and there seems to be 
certain enablers such as the need to effectively develop new services and barriers such as 
inadequate operating models. The final objective of this research project is to build a gamified 
roadmap that would support organisations in transforming their innovation models toward digital 
open innovation platforms enabling co-creation. 
 
Keywords: Digital platforms, Digitalisation, Open Innovation, Co-creation, Service Innovation 
 
 
1 Introduction 
Digitalisation can be compared to an industrial revolution when looking at changes in organisations’ 
and people’s daily lives (Kenney et al., 2015). Digital technologies are expected to introduce 
disruptions in even the most traditional analogue markets (Soule et al., 2014). Moreover, digital 
technologies seem to have already changed organizations’ innovation policy, and the role of 
digitalisation in open innovation activities is increasingly attracting organisations. Nevertheless, 
digitalisation seems to be quite unclear for organisations, and major players still find it difficult to 
draw up their digitalisation strategies (Rodrigues et al., 2011). Moreover, it seems that there is very 
little literature on digital open innovation among more traditional fields of business. 

New disruptive technologies are changing the manner in which knowledge is managed within 
organisations, calling for a new and inventive knowledge management system and an open 
approach to foster knowledge flows (Santoro et al., 2017). Connecting technology with a user-
centric perspective of open innovation allows unique opportunities for co-creation (Kohler et al., 
2009). The interaction in digital environments has created a gigantic stream of behavioural data that 
provide novel research opportunities to move beyond traditional innovation activities (Brunswicker 
et al., 2015). Parmentier and Mangematin (2014) state that digital industries exemplify innovation 
processes where users bring new ideas and innovate directly with organisations. Individuals can use 
open, voluntary technology-enabled collectives to share data and knowledge and to co-create 
novel solutions for organisations (Brunswicker et al., 2015). There is a general feeling that 
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communication and collaboration using technology can boost the innovation process with positive 
impacts on business indicators. 

Digitalisation seems to enable open innovation platforms to co-create service innovations. 
Stakeholders are empowered with technology to co-create anytime and anywhere. Digitalisation 
opens possibilities for stakeholders to accomplish their aims together where individuals or 
organisations could not do it alone (Preece and Shneiderman, 2009). The advances in digital 
technologies are considered to form a megatrend with global impacts through international 
interconnectivity and the capability for real-time information sharing (Lee et al., 2012). For instance, 
social media enables constant hearing of users’ voices instead of traditional customer satisfaction 
surveys and focus groups activities (Westerman et al., 2014; Buhalis and Law, 2008). 

Furthermore, user participation with several stakeholders in the global context might be a 
challenge, but digital open innovation platforms can offer promising solutions (Friedrich, 2013). 
According to Mahr and Lievens (2012), virtual communities tend to propose solution-focused 
contributions, which provide greater value for organisations than more problem-focused traditional 
innovation activities. Moreover, digital platforms differ in terms of user purpose, but they have some 
common characteristics: for example, mass participation that allows greater intellectual capabilities 
and more ideas (Mačiulienė and Skaržauskienė, 2016), especially among external stakeholders 
(Hienerth, 2011). This allows organisations to advance new opportunities by harnessing users’ 
innovation capabilities by integrating them into a service innovation process (Hienerth, 2011). 
However, digital open innovation and co-creation activities are not often used because when digital 
technology services are offered by external companies, organisations might not find them reliable 
enough (Mačiulienė and Skaržauskienė, 2016). Moreover, organisations face the challenge that 
there is often not enough time to evaluate the reliability of a technology (Chesbrough, 2006). Apart 
from this knowledge, there seems to be very little information on other barriers related to digital 
open innovation and co-creation. 

Based on the literature, it seems that an increasing body of literature exists around digitalisation, 
open innovation and co-creation. However, there seems to be a very little empirical research on 
digital open innovation and co-creation. Thus, this research aims to better understand the use of 
digital open innovation and co-creation activities. Furthermore, it aims to better understand 
enablers and barriers of digital open innovation and co-creation. As this research is exploratory, 
using an abductive approach, this paper first only briefly discusses digitalisation, open innovation 
and co-creation to demonstrate the definitions of these phenomena, i.e., to demonstrate how 
digitalisation, open innovation and co-creation are understood in this research. Secondly, the 
abductive approach and methods used in this research are introduced. Thirdly, the findings of this 
research are introduced. Finally, conclusions, limitations, and future research are presented. 
 
2 Digitalisation 
As noted in the introduction, digital technologies seem to create new possibilities for open 
innovation and co-creation activities. Moreover, digitalisation has some distinct characteristics that 
have fundamental implications for open innovation (Nylen, 2015). 

There seems to be no uniform definition for the concept of digitalisation, and in research articles 
digitalisation is often bound to a certain field of business or to an individual process (Ligthart et al., 
2016). Definitions range from digitalisation as a global megatrend (Lee et al., 2012, 818-819) to the 
much narrower “digital representation of signals, information, and objects in binary code” (Stein, 
2015, 2). Ilmarinen and Koskela (2012) note that instead of defining the concept of digitalisation 
itself, it is often described through examples. 

The research literature also use the terms “digitalisation” and “digitisation” interchangeably and 
give both a number of definitions. Lipiäinen (2014, 20) defines the term “digitisation” as a social 
phenomenon in which everyday communication channels are pivoting from traditional forms 
towards their digital counterparts. While Lipiäinen (2014) refers to digitisation in the context of 
communications, the focus of the definition is on the social phenomena, not on the technical 
process of transforming information to a binary form. Tilson et al. (2010, 749) take a contradicting 
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stance in stating that digitisation refers to a technical process, whereas digitalisation would be the 
proper term to use when the context is more of a social nature. 

Definitions of both digitisation and digitalisation feature the same key component of transition 
from analogue to digital. Digitisation, defined as the conversion from analogue to digital, is 
identified as a key driver for enhancing digitalisation (Ilmarinen and Koskela, 2015, 21). Aside from a 
transformation from analogue to digital, the definition of the term appears to be highly contextual. 
Gartner’s IT glossary (2016) defines digitalisation on a broad level and adopts a business 
transformation viewpoint: “Digitalisation is the use of digital technologies to change a business 
model and provide new revenue and value-producing opportunities; it is the process of moving to 
a digital business”. While research in digitalisation is available in vast quantities, the numerous ways 
digitalisation is defined and interchanged with the term digitisation sets requirements to 
understand in which context the term is presented in research articles. 

To conclude, this paper looks at digitalisation from an open innovation and co-creation point of 
view, seeing it as a transformation from analogue (i.e. face-to-face communication) to digital 
communication through digital platforms and a social phenomenon that can involve a large 
number of stakeholders 
 
3 Open Innovation and co-creation 
It seems that open innovation and co-creation have some overlapping characteristics. According to 
Chesbrough (2003), open innovation can be defined as the intentional use of inputs and outputs of 
knowledge to accelerate internal innovation and expand market possibilities for the use of these 
innovations. Open innovation is based on utilizing both external and internal ideas and open 
channels for accessing and employing knowledge and solutions. Marilungo et al. (2016) states that 
open innovation refers to a process in which external partners are involved in the development 
process. This means that an organisation’s external stakeholders are well-recognised as a valuable 
source for innovation (Von Hippel, 2001). It should be noted that there are many intelligent people 
outside the organisation (Aas and Pedersen, 2016). Therefore, open innovation can generate 
substantial benefits for organisations, such as the introduction of an external perspective 
(Gassmann et al., 2010). 

On the other hand, co-creation is understood as a powerful approach to foster innovations (e.g. 
Ramaswamy and Gouillart, 2010). The power of co-creation in innovation is its capability to combine 
the knowledge of stakeholders from different perspectives (Keränen, 2015). Grönroos and Voima 
(2013, 141) see that interactions “form a platform for co-creation of value”, meaning that there needs 
to be a certain kind of interaction to co-create value. Keränen (2015, 218) introduces a co-creation 
framework that focuses on face-to-face and B2B co-creation in service companies, and she goes on 
to state that there are certain kinds of characteristics in co-creation which she calls pre-conditions 
and co-design manners. Moreover, Keränen (2015) indicates that co-creation creates a certain 
potentiality for strategic thinking and that triggers are needed to enhance co-creation activities. Co-
creation can be seen as a learning process of creating new knowledge/solutions for the stakeholders 
involved (Keränen, 2015). 

The number and type of different partners with which an organisation collaborates with can 
demonstrate the organisation’s openness to innovation. The larger the number of partners, the 
more open the innovation process seems to be (Lazzarotti and Manzini, 2013). Sivard et al. (2014) 
mention that most innovations occur through a learning process where various actors, individuals 
as well as organisations, take part. Thus, organisations would not have to rely entirely on their 
internal research, but should open the innovation process to all employees, suppliers and customers 
i.e. the main stakeholders of the organisation. Open innovation is based on co-creative activities 
where stakeholders jointly create value to develop better or new service innovations (Carbone et al., 
2012). It has received substantial business attention as a means of providing organisations with the 
ability to co-create new products and services in hyper-competitive environments (Almirall et al., 
2014). 
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One of the key elements in innovation is the use of technology (Saguy, 2011). Fostering new 
opportunities using technology is vital for organisations in today’s global market (Rabelo & Bernus, 
2015). However, most competitive organisations are no longer proud to say that their technology 
was "developed in-house", because the results of this open environment tend to be better 
(Burcharth et al., 2014). No organization or institution has reached a leading position in the 
development of technology by accumulating all their knowledge in isolation, but they have 
achieved this through co-creation activities in a collaborative environment and the rapid spread and 
transmission of knowledge (Van Vrande et al., 2009). 

To conclude, open innovation in this research is understood as the intentional use of both 
external and internal inputs and outputs of knowledge to accelerate internal innovation and expend 
market possibilities (Chesbrough, 2003). On the other hand, co-creation can be defined in the 
following way: co-creation is a joint value creation process (Grönroos & Voima, 2013) of developing 
solutions (e.g. Aarikka-Stenroos & Jaakkola, 2012; Hakanen & Jaakkola, 2012), facilitating innovations 
(e.g. Kristensson et al., 2008), and creating strategic potentiality through co-design manners for the 
stakeholders involved (Keränen 2015, 222). Hence, this research sees open innovation as a platform 
of sharing knowledge where an organisation’s external and internal stakeholders co-create 
solutions that facilitate innovations for the stakeholders involved. The platform itself can contain 
both digitally enabled co-creation activities and/or face-to-face activities. 
 
4 Research Method 
This qualitative research was carried out using the abductive research approach. And the nature of 
this phase was explorative, as we wanted to better understand digital open innovation, which seems 
to be an unexplored phenomenon. The core idea of the abductive approach (see Figure 1) is that 
the researcher moves between the theoretical and empirical worlds and accepts the 
incompleteness of thoughts, taking non-linear approaches throughout the research to deepen both 
theoretical and empirical understanding (Dubois & Gadde, 2002). This can also be called “systematic 
creativity” (Kovács & Spens, 2005). The abductive approach is to an extent inductive in attempting 
to theorise the knowledge gained through empirical enquiry rather than deductively testing the 
theory. However, the abductive approach attempts to understand the theory related to the topic to 
gain pre-understanding and to generate an understanding of the common elements of the research 
which can lead to an understanding of the phenomenon in a new way (Kovács & Spens, 2005). This 
research moves up to Phase 3 as it attempts to build an initial model based on the empirical findings 
of the exploratory study. 

 
Figure 1 – The abductive process of this rese 
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To gain a better understanding, not just from one organisation but from multiple organisations, this 
research was carried out as a multiple-case study design where the units of analysis were eight 
service organisations located in Finland (Yin, 2009). 

The cases were chosen to have a wide collection of different kinds of organisations. Organisations 
also varied in size; three organisations were small- or medium-sized organisations, and five were 
large organisations. The organisations operated in the following service sectors: finance and 
banking, taxation, insurance, retail, property management, consultation and HR services (Table 1). 

The data was collected from 47 semi-structured interviews among eight organisations between 
April and August 2016. Interviewees were managers and specialists. Each interview was 45 to 90 
minutes long. After conducting the interviews, the data was transcribed and analysed. 

In this phase, data was analysed first based on the level of adaptation of open innovation and co-
creation practices (see Table 2). Next to be analysed were the enablers and barriers related to 
adopting digital open innovation and co-creation activities. Finally, the results were presented to 
the organisations which, after an initial model, moved towards open innovation and co-creation 
activities. 
 
5 Findings 
In this paragraph, we demonstrate the data and findings of this research. First, we mapped the level 
of adaptation of open innovation and co-creation. Secondly, we looked at enablers and barriers in 
open innovation and co-creation. 

The evidence from the analysed data pointed out that none of the organisations were adopting 
co-creation activities or open innovation activities on a high level. At this point, the data also 
revealed that neither digital nor face-to-face open innovation and co-creation activities were 
extensively adopted in these organisations. 

Table 1 – Cases and the service sectors of this research 

 
 
 
Table 2 – The levels of adaptation of open innovation and co-creation activities 
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For the moderate-level organisations, O3, O5, and O6 were mapped to have moderate open 
innovation and co-creation activities. Four organisations have been testing open innovation or co-
creation activities (using them a couple of times): O1, O2, O4, and O8. Organisation O7 had not been 
using any open innovation and co-creation activities so far. Here it should be noted that all 
organisations have digital services for their customers, but open innovation and co-creation seem 
to be new activities for them (Table 3). 

Next we looked at open innovation and co-creation enablers within these organisations. We were 
able to map altogether 13 enablers (see Table 4). The most common enabler among all 
organisations was a need to effectively develop new services (E1). This enabler would occur as an 

Table 3 – Level of open innovation and co-creation adaptation among organisations 

 
 
 
Table 4 – Open innovation and co-creation enablers 
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enabler for both open innovation and co-creation. The organisations generally brought up the need 
for a systematic process (E2), meaning that there is a need for a systematic process to be open 
innovative and co-creative. For co-creation, it seems that there is a need for regular activity with 
customers (E3) and regular collaboration among personnel (E4). This would mean, for example, 
regular steering group meetings with customers, regular workshops or other regular activities. 
Moreover, organisation O3 and O5 brought up that regular activities with customers (E2) would also 
enable open-innovation activities. It also seems that for a few organisations, it is important to have 
a person who would be responsible (E5) for co-creation (O8) and open innovation activities (O7, O8). 
Case O3 proposed that piloting (E6) would enable co-creation activities, and cases O1 and O8 made 
proposals from the open-innovation point of view. Here piloting would mean short pilot projects 
that would enable organisations to test new approaches like open innovation and co-creation. 
Cases O3 and O4 from open innovation point of view and O2 from co-creation point of view brought 
up that encouraging organisation culture is an important enabler. More over process transparency 
(E8), rewarding those involved in the process (E9) and consultants and other external support (E12) 
could enable open innovation activities. On the other hand, case O1 indicated that digitalisation 
(E10) and workshops (E11) and case O8 indicated that tools enable co-creation activities. 

After mapping the enablers, we looked at open innovation and co-creation barriers within these 
organisations. We were able to map altogether 8 barriers enablers (see Table 5). The most common 
barrier, both for open innovation and co-creation among all organisations, was the traditional 
operating-model/closed-organisation culture (B1). With a traditional operating-model/ closed-
organisation culture, we mean a model in which the organisation is hierarchical, focusing on its own 
competences, resources, processes, and technologies, and an outsider’s access to the organisation’s 
information is very limited. Next, we found that in some organisations (O5, O3, O8), it seems that 
there is not enough resources and time (B2) to accomplish open innovation and co-creation 
activities. Moreover, it seems that some organisations stated that open innovation and co-creation 
activities are carried out within short projects, but they are not embedded in the organisation’s 
ongoing activity (B3). This means that open innovation (O6) and co-creation (O6, O8) are seen as an 
extra activity. Barrier B4 (an organisation’s capability to react fast enough to changes) was related to 
open innovation in three organisations (O1, O2, O7) and to co-creation in only one organisation (O2). 
Barrier B5 (no knowledge on how to interact deeply with the customer) divided organisations, as no 
one saw this as a barrier to open innovation while four organisations (O1, O2, O4, O5) saw this as a 
barrier to co-creation. Barrier B6 (no knowledge on how to interact deeply with personnel) was seen 

Table 5 – Open innovation and co-creation barriers 
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as a barrier in organisation O2. Organisations O3 and O5 brought up that open innovation activities 
might cause too many ideas and it might be difficult to choose the most innovative ones (B7). 
Organisation O3 saw passive management as a barrier to co-creation activities. 

In conclusion, the evidence from the analysed data pointed out that none of the organisations 
were adopting neither co-creation activities nor open innovation activities on a high level. Thus, it 
can be said that none of the organisations have extensive experience in open innovation or in co-
creation. Seven out of eight organisations have been open innovating and co-creating at least a 
couple of times. However, it seems that these organisations are highly interested in learning how to 
adopt open innovation and co-creation activities, but they brought up that they need a road map 
on how to shift toward open innovation and co-creation activities. It should be noted here that 
although we were initially looking at digital open innovation and co-creation activities, we did not 
find any. And these organisations did not seem to view digitalisation as an enabler as only one 
organisation brought it up (O1). As said earlier, these organisations are offering digital services for 
their customers, but they seem not to have any digital activities related to open innovation or co-
creation. 

Hence, based on this empirical evidence, our attempt is to build a first draft to best describe the 
journey from a non-open innovative and non-co-creative organisation to an organisation where 
open innovation/co-creation activities are regularly used in the organisation’s operations and they 
are embedded in the organisation’s main processes (see Figure 2). 

During the interviews, we noticed that many of the interviewees spoke about a cultural change 
and an iterative process where the stakeholders of the process would have a chance to learn while 
moving toward more active open innovation and co-creation activities. Thus, the initial draft of the 
model demonstrates the journey as an iterative process where enablers are currently arranged to 
the best to our knowledge and where barriers are turned into enablers. To give an example, barrier 
B8 (management is passive) is demonstrated as an active management in the model, and B2 (not 
enough resources, not enough time) is demonstrated as adding resources. 

Moreover, the data indicated that there has to be some kind of trigger or a need for organisations 
to show an interest in open innovation and co-creation. In this case, the trigger seems to be a need 
to effectively develop new services. 

To conclude, the data demonstrated that organisations have a little experience in open 
innovating and co-creating with their stakeholders. However, they seem to be highly interested in 
learning how to open innovate and co-create, but there needs to be trigger/need which will activate 
organisation to pilot open innovation and co-creation activities. Nevertheless, they seem to lack 
knowledge on how to open innovate and co-create. Thus, we created an initial model that serve as 
a road map for organisations for their journey from a non-open innovative and non-co-creative 
organisation to a highly open innovative and co-creative organisation. As this result is based on 

 
Figure 2 – An initial model of moving toward open innovation and co-creation activities 
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empirical data, the next step needs to deepen the current theoretical aspects of open innovation 
and co-creation in order to build an initial framework to better understand the phenomena. 
 
6 Conclusion 
In this research, altogether 47 semi-structured interviews were taken in eight service organisations. 
This research initially aimed to better understand the use of digital open innovation and co-creation 
activities. Furthermore, it aimed to better understand enablers and barriers to digital open 
innovation and co-creation. As this research is exploratory, using an abductive approach, this paper 
first only briefly discussed digitalisation, open innovation and co-creation to demonstrate the 
definitions of these phenomena. Secondly, the abductive approach and methods used in this 
research were introduced. Thirdly, the findings of this research were introduced. Next we discuss 
the conclusions, limitations, and future research. 

As we stated earlier, our starting point for this research was to better understand digital open 
innovation and co-creation activities. However, we quickly understood that organisations did not 
seem to have much experience in both open innovation and co-creation activities, either on the 
digital level or face-to-face. Nonetheless, the results of this research make us better understand that 
there are some enablers and some barriers related to open innovation and co-creation activities. 
Moreover, early results of this research indicated that the organisations are aiming to increase digital 
open innovation and co-creation activities but there needs to be certain triggers or a need to 
effectively adopt open innovation and co-creation activities, and organisations need a road map on 
how to approach open innovation and co-creation activities. 

We presented an initial model (see Figure 2) that introduces an iterative journey moving toward 
a systematic process of open innovating and co-creating among an organisation’s stakeholders. This 
model might support theorising on open innovation and co-creation phenomena, as in the next 
phase the results of this study are compared with existing knowledge. Moreover, this model might 
support organisations in their journey toward a highly open innovative and co-creative 
organisation, which according to current literature, would bring new aspects into their innovation 
process and competitive advantage. 

This paper suffers from some limitations that need to be addressed in future research. First, the 
data was collected without an extensive literature review. Thus, it might be that the literature 
already demonstrates similar results. However, digitalisation seems to be a new research topic, and 
when combined with open innovation and co-creation, the initial literature research did not reveal 
any studies. Secondly, the initial model has not been tested yet in practice in any organisations; thus, 
we do not know how generalisable our findings are. Furthermore, the model needs to be designed 
in a more coherent way. 

To conclude, as this research is part of a larger research project where the final objective is to 
build a gamified roadmap. The purpose of the roadmap would be to support organisations in 
transforming their innovation models toward digital open innovation and co-creation platforms. 
Hence, we will continue this research in strengthening the theory and testing the model and letting 
the theory and testing take us to the next research steps. 
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	Abstract
	Although several strategic portfolio models and their variants have been suggested in the purchasing and supply management literature, there are very few attempts to define and describe the strategic category management process more comprehensively, especially through a rigorously applied scientific process. The aim of this conceptual paper is therefore to suggest a prototype construct design for a strategic category management system. We align our research process with design science, and explicitly with the first steps of the constructive research approach. First, we obtain a comprehensive understanding of the topic through a review of the extant literature for identification of system design principles. Second, we design and construct a prototype system with three phases based on the design principles. As further research, we suggest practitioner engagement for refining the prototype, and efforts to demonstrate the applicability and validity of the solution through a multiple case-study with solution-market tests.
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	1 Introduction
	With a significant share of external spend in modern companies, distributed across a multitude of direct and indirect items and services, the more strategically oriented purchasing and supply management (PSM) functions have adopted an approach for reducing complexity and driving value for internal and external customers, namely that of category management. For the sake of understanding this concept, it is noted that a purchase category has been defined as ‘a group of similar items that are required for specific business activities of the firm’ (Trautmann et al., 2009, 58), or as ‘a homogenous set of products and services that are purchased from the same supply market and have similar product and spend characteristics’ (Cousins et al., 2008; Van Weele, 2010). Further, the management of these ‘market facing’ categories ‘is the practice of segmenting the main areas of organizational spend on bought-in goods and services into discrete groups’ and working on them in cross-functional manner (O’Brien, 2012, 2). Despite the apparent prominence of this approach in practice, more complete definitions seem to be difficult to find in the literature (e.g. Cox, 2015; Heikkilä and Kaipia, 2009), and indeed, a call for theoretical foundations and improved conceptual understanding of the concept of category management has been aired in the literature (Hesping and Schiele, 2015).
	Furthermore, approaching the task of PSM through categorizing spend seems to be linked firmly to the strategic approach to PSM, as several authors suggest that strategizing must necessarily be category specific due to the varying circumstances and contingencies in each of the categories of purchase. For example, Luzzini et al. (2012, 1015) suggest that achieving ‘strategic alignment requires considering purchasing categories’, and Ateş et al. (2015, 205) synthesize that firms ‘do not adopt a single, overarching purchasing strategy’, but ‘examining purchasing strategies at more micro levels, such as the purchase category’, is more relevant. Indeed, the workhorse of strategic PSM, i.e. the purchasing portfolio model by Kraljic (1983), and other alternative strategic portfolio approaches (e.g. Cox, 2015), have been suggested to be used for conducting strategic analyses and classifications at the category level (Hesping and Schiele, 2015).
	Although several of these strategic portfolio models and their variants have been suggested in the PSM literature (e.g. Kraljic, 1983; Olsen and Ellram, 1997; Nellore and Söderquist, 2000; Pagell et al., 2010; Luzzini et al., 2012; Drake et al., 2013; Cox, 2015), with the most notable ones subjected to extensive testing (e.g. Caniels and Gelderman, 2007; Terpend et al., 2011; Padhi et al., 2012), there are very few attempts to define and describe the strategic category management process more comprehensively, especially through a rigorously applied scientific process, and with a broader evidence-base (cf. O’Brien, 2012; Carlsson, 2015). The most notable exception is the work of Hesping and Schiele (2015), who propose a model with five levels of strategy development in purchasing, based on the strategic alignment -focused work by González-Benito (2007). The process starts from firm and functional level strategies, suggests alignment of category strategies, and focuses on the implementation of category strategies via a set of sourcing levers (Schiele, 2007, Schiele et al., 2011; Hesping and Schiele, 2016). Despite its theoretical foundations, the proposed model lacks the detail for practical testing and further development.
	Indeed, while the work of Hesping and Schiele (2015) is quite useful from theoretical perspective, and lays the foundation for further work on implementing category strategies, we suggest that a gap exists in terms of research that would enable the practical construction of systems for category management. Such normative knowledge is much needed, as it appears that category management approaches often do not exist in a defined and structured form in companies. In order to lead the development of systems for category management, academic research must seek to enable the rigorous design of the ‘artificial’ (Simon, 1996), i.e. objects that do not yet exist, also for category management. In such design research oriented set-ups, the main question is about whether the suggested designs work, and the aim is to ‘produce knowledge that is both actionable and open to validation’ (Romme, 2003). In other words, the mission of design science is to develop knowledge for solving field problems (Denyer et al., 2008), which in our case would be related to how to design a strategic category management process or system for PSM? The kind of normative theory, which would address such a question, may be in the form of principles for a process or system design (Romme, 2003). Setting these research gaps as a point of departure for our research, the aim of this paper is to suggest a prototype construct design for a strategic category management system.
	For addressing this research aim, we align our research process with design science, and explicitly with the constructive research approach as suggested by Kasanen et al. (1993). In line with this approach, we start a process for designing and testing a solution oriented construct for strategic category management (i.e. a set of ‘models, diagrams, plans’ and processes; Kasanen et al., 1993, 243), by obtaining a comprehensive understanding of the topic through reviewing the extant literature for identification of system design principles, and by innovating and constructing a prototype system through literature synthesis. As further research, we suggest practitioner engagement for refining the prototype, and efforts to demonstrate the applicability and validity of the solution through a multiple case-study with solution-market tests (Kasanen et al., 1993). In the following, we first develop design principles for the prototype construct, both from the perspective of the substance and theory of strategic category management, as well as from the perspective of management tool design. Second, we suggest the prototype design, and finally, we conclude the paper with a summary and laying out the plan for further research in terms of designing the strategic category management system.
	2 Developing design principles for the prototype construct
	2.1 Substance-oriented design principles
	2.2 Technically oriented design principles

	The literature that contributes to the knowledge on strategic category management can be roughly divided into two streams. First, several contributions, among them some of the most often cited works in the field of PSM (e.g. Kraljic, 1983), have been dedicated to the various focused areas of strategically managing categories of spend. Second, and a much more limited body of literature, covers the category management process more broadly (e.g. O’Brien, 2012). Integrating the accumulated knowledge from these contributions, is one of key outputs of this research. In order to bring further structure to the discussion of the literature, we adopt a framework for classifying research in terms of how it contributes to the management of categories from a strategic perspective.
	According to Rumelt (2011, 6), strategy can be defined as ‘a coherent set of analyses, concepts, policies, arguments, and actions that respond to high-stakes challenge’, with the ‘kernel of strategy’ comprising of diagnosis, guiding policies, and coherent action. Diagnosis explains the nature of the challenge, and involves the identification of critical aspects and obstacles in responding to the challenge. Teece (2014) links Rumelt’s diagnosis phase of strategizing to ‘sensing’, which is an important element of dynamic capabilities for achieving and sustaining competitive advantage (Teece et al., 1997). Guiding policy, in turn, defines a method or an overall approach for dealing with the challenge and the specific obstacles identified as a result of diagnosis (see also Teece, 2014). Both the guiding policies, as well as the coherent actions for carrying out the guiding policies, e.g. in terms of allocating resources and undertaking maneuvers, have been linked to ‘seizing’, the second key element of dynamic capabilities (Teece et al., 1997; Teece, 2014). The linkages between the distinct concepts of strategy and dynamic capabilities have been suggested to lead to a framework where dynamic capabilities and strategies codetermine performance (Teece, 2014).
	From this it may be extrapolated that strategizing in PSM should follow the basic cycle of diagnosis, guiding policy analysis, as well as planning and implementing coherent action, and that such a cycle should first and foremost take place at the level defined by the basic unit of analysis for strategizing in PSM, namely the purchase category. A strategic category management system design, according to this first principle, would allow a category manager to sense needs to reconfigure and transform, and further to seize opportunities to sustain and improve performance at the category level in a dynamic business and supply environment (cf. Teece et al., 1997).
	As much of the relevant literature that contributes to the knowledge on category management does not explicitly identify itself with this concept, we must draw on our adopted strategizing framework in order to point out contributions and the knowledge base for designing the prototype construct. The most natural way of going about this would be to start form the guiding policies, and ask what kind of guiding policies are needed for category management, or in other words, what are the ‘high-stakes challenges’ for the category manager? The most high-level challenge for PSM could be suggested to be the problem of how to create value for the internal and the end-customer (cf. Amit and Zott, 2001)? Operationalizing value in terms of the concept of economic value added (EVA), suggested to be the ‘comprehensive financial measure of value creation’ (Presutti, 2003, 220), and defined as operating profit less the cost of capital, allows the pointing out of elements that PSM should seek to influence, i.e. revenue, cost of operations and cost of capital. Indeed, there are multiple challenges in the domain of strategic category management, the addressing of which allows the category manager to influence these components of EVA; however, the most fundamental guiding policies should be oriented towards enabling the alignment of category management with strategic goals and environmental contingencies (Ketokivi and Schroeder, 2004), as this directly leads to value creation. 
	The challenge of alignment between the competitive priorities of the company and the PSM function (Krause et al., 2001), has been discussed early on in the literature (e.g. Treleven and Schweikhart, 1988; Narasimhan and Carter, 1998), with evidence showing that strategic alignment of business strategy with purchasing strategy, as well as the alignment of purchasing strategy with purchasing practices, i.e. purchasing efficacy, is important for improving business performance (González-Benito, 2007; Baier et al., 2008). It follows that a relevant high-stakes challenge is the alignment of category management with the order winning and qualifying factors of the business, and with the requirements of the internal customer, as in this way PSM may influence all the EVA components, including revenue. Relating to this challenge, the seminal work of Kraljic (1983) on transforming operative purchasing into strategic supply management, has been criticized for its lack of fully considering alignment and how category management can drive value (e.g. Cox, 2015), i.e. beyond the default priorities of availability and cost. With focus on the ‘importance of purchasing’ and ‘complexity of supply market’, it might be suggested that the purchasing portfolio matrix by Kraljic (1983) and its variant by Olsen and Ellram (1997), are somewhat more oriented towards producing category level guiding policies which are more aligned with the supply market and the product characteristics (difficulty of managing the purchase situation; Olsen and Ellram, 1997), although the core competencies and value adding potential are also considered. However, the variety of competitive priorities and how PSM should respond to them is not explicitly addressed.
	In considering this criticism, the more recent contribution by Drake et al. (2013) is thus very welcome, as it introduces an approach for turning company’s competitive priorities, such as quality, cost, time and flexibility (Hayes and Wheelwright, 1984), into guiding policies for purchasing and category management. The proposed portfolio model suggests either non-critical, lean, agile or leagile guiding policies (Towill and Christopher, 2002), and goes on to consider literature-based coherent actions for each. Although, not as explicit as Drake et al. (2013) in considering competitive priorities, Cox (2015) also suggests an approach for producing guiding policies, in which the customer and business –side alignment are achieved with the ‘criticality matrix’, with operational criticality evaluated on the x-axis and commercial criticality on y-axis. The sustainable purchasing portfolio matrix by Pagell et al. (2010) allows alignment with sustainability priorities.
	Having reviewed portfolio approaches for procurement, Nellore and Söderquist (2000, 246) pointed out that the so far published models had three steps in common, namely analysis of the products (categories) and their classification, analysis of supplier relationships, and action plans for ‘matching product requirements with the supplier relationships’. It is evident that Cox (2015) also suggests the consideration of the ‘criticality matrix’ jointly with the ‘power matrix’, which relates buyer power resources to supplier power resources, with implications on supplier relationships and their design. The consideration of the supply market, through power balance (Cox, 2015), strength balance (Kraljic, 1983), the supplier’s view (O’Brien, 2012) or relationship strength (Olsen and Ellram, 1997), is an indication of a need to include the implications of supply market on buyer-supplier relationships into the design of guiding policies (see also the ‘Dutch windmill’ in e.g. van Weele, 2010). 
	As a synthesis of the above discussion, we may conclude that the most high-stakes challenge for PSM is achieving alignment at the essential level of PSM strategizing, i.e. the purchase category. Value may be created by alignment in three respects: (1) in terms of strategic alignment with competitive priorities (e.g. quality, cost, time, flexibility, innovation, sustainability; Krause et al., 2001; Schneider and Wallenburg, 2012), (2) in terms of requirement alignment with category characteristics (e.g. profit impact, share of total cost, quality and logistics requirements; e.g. van Weele, 2010) and (3) in terms of supply market alignment with characteristics of the factor markets (e.g. supplier or buyer power, market structure; e.g. Kraljic, 1983; Cox, 2015). According to the Cambridge Dictionary, alignment means ‘an arrangement in which two or more things are positioned in a straight line or parallel to each other’, and indeed the guiding policies and coherent actions, as embodiments of strategic category management, should be thus positioned in terms of the three key aspects which influence category management. This provides the second key principle for designing strategic category management systems. Supporting our conceptualization for multiple alignment types, several authors identify and elaborate on multiple types of domain relevant alignment, such as for strategic information systems management (Gerow et al., 2015) or organization (Kathuria et al., 2007).
	How does the output from the considered strategizing frameworks look like, or what kind of guiding policies do they offer, jointly, for the proposed three-dimensional alignment? Selecting the Kraljic’s (1983) matrix for requirement and supply market alignment, the power matrix of Cox (2015) for further supply market alignment, and the Drake et al. (2013) –matrix for strategic alignment, we may have three guiding policies for a category that should be jointly considered for a set of coherent actions. For example, an imaginary alignment analysis for the indirect category of office supplies, may suggest such guiding policies as ‘noncritical items’ (Kraljic, 1983), ‘market / independence’ (Cox, 2015), and ‘non-strategic items’ (Drake et al., 2013), and implying such coherent actions as (1) standardization, efficient processing and inventory optimization, (2) development of competence for bidding and negotiation, and (3) efficient purchasing, complexity reduction, standardization, automating transactions and using simple source selection processes to govern relatively short contracts, respectively. The recommended coherent actions seem similar, and the benefit of going through a process of using three separate analytical frameworks is not readily apparent. However, the benefits of more complex analysis are realized when there are imbalances of power, and more demanding or specific requirements from the business and internal customer. For example, the buyer may not be an attractive customer for the suppliers (van Weele, 2010), for example due to low volumes, and suppliers may have power resources over the buyer, for example due to buyer’s switching costs, suggesting a dependency of the buyer, with supplier dominance (Cox, 2015). In effect, the Kraljic (1983) matrix may suggest a leverage strategy, but based on the power-matrix analysis, PSM may have to consider ways to reduce supplier’s power resources or increase its own, for example by opting for a smaller supplier. Furthermore, if the competitive priorities of the company or internal customer requirements emphasize rapid design changes and short delivery times, i.e. agile supply (Drake et al., 2010), long-term relationships for information exchange and a proximate local supplier, again with smaller size for attentiveness and responsiveness, may be preferred over competitive bidding.
	While the three-dimensional alignment process provides an agenda with coherent action for driving value, there are other high-stakes challenges for the category manager to respond to. For example, guiding policies may be needed for such strategic issues as make-or-buy (Humphreys et al., 2000), supply base structure (Gadde and Håkansson, 1994), coordination of sourcing in an MNC for synergies (e.g. Gelderman and Semeijn, 2006; Trautmann et al., 2009), from where to source (i.e. international supply; e.g. Smith, 1999), PSM function’s meaningful role (Ellram and Tate, 2015), risk management (e.g. Zsidisin et al., 2000), and sustainability (Pagell et al., 2010). Many of these challenges are naturally contingent on the nature of category (e.g. products vs. services, specific requirements), company (e.g. multinational corporation or a small firm) and supply market structure and availability of external capabilities. Also, other contingencies such as stakeholder drive for increased low-cost country sourcing, or M&A activity fueled need for coordination, may determine high-stakes challenges for PSM and category management. It should be noted that the main alignment driven guiding policies influence the guiding policies related to some of these other strategic challenges, as for example risk management and supply market intelligence would be a high priority for a ‘bottleneck’ category or item (Kraljic, 1983), and international sourcing from low-cost countries have been suggested to make sense primarily in the case of ‘leverage’ categories or items (Kamann and van Nieulande, 2010). Strategic imperatives related to sustainability may require managers to make a ‘purposeful increase in supplier risk’, i.e. the so called leverage categories are treated similarly to strategic categories, as partnerships are implemented for information asymmetry reduction and ensuring common prosperity across the supply chain (Pagell et al., 2010). From the perspective of designing a strategic category management system (the third principle), we suggest that depending on several contingencies, such as category characteristics and company context, a set of frameworks for identifying appropriate sub-level guiding policies may be included on the agenda. 
	Having so far focused only on the guiding policy –phase of Rumelt’s (2011) kernel of strategy framework, as a starting point of the strategic category management system design, the preceding diagnosis phase and subsequent coherent action phase need to be covered as well. The content of the diagnosis phase should aim to identify the obstacles and aspects of the business and supply market on which to respond in order maintain and achieve alignment. In other words, the agenda of the diagnosis phase is primarily driven by the analytical and information needs for using the strategic frameworks for alignment, an important design principle for the construct. Diagnosing category importance and complexity of supply market (Kraljic, 1983), both the buyer and supplier power resources (Cox, 2015), as well as the importance of various performance dimensions on the competitiveness of the end-product (Drake et al., 2013), allows decision makers to form a category profile for subsequent analysis on guiding policies. Again, determining the contingent sub-level guiding policies may determine other diagnostic needs, such as logistics costs for international supply (Smith, 1999), synergy potential across the corporation (Trautmann et al., 2009), threat to triple bottom line (Pagell et al., 2010), or various aspects contributing to the complexity of purchase, such as internal politics (Ellram and Tate, 2014). However, some sub-level guiding policies, such as for supply base structure, draw directly on competitive priority diagnostics already on the agenda, as well as the outcomes of guiding policy analysis (Ateş et al., 2015). Summarizing the above into the fourth design principle, we suggest that secondary items on the agenda for diagnosis may be determined by analysis needs for sub-level guiding policies.
	Finally, the agenda for coherent action should be firmly addressing the seizing of opportunities for value creation. The agenda may be determined by the actions derived from the primary guiding policies for alignment or the sub level guiding policies for addressing category contingencies. For example, the literature on the underlying frameworks for three-dimensional alignment, lists tasks and recommendations that help identify coherent actions (e.g. Kraljic, 1983; Drake et al., 2013). Furthermore, strategic imperatives ate the company level may directly determine actions, such as doggedly increase the share of low-cost country sourcing. It is also important to note the dynamic nature of categories in relation to these frameworks, as some guiding policies are more desirable than others from the PSM perspective (e.g. non-critical over bottleneck), and a particular characteristic of the requirement or the supply market may change or be actively altered. As a result, ‘hold and pursue’ strategies may be undertaken through coherent action (Gelderman and van Weele, 2003).  
	Additionally, the concept of sourcing levers is often also connected to this ‘action plan’ oriented phase (Nellore and Söderquist, 2000), or the tactical phase in strategic category management process (Hesping and Schiele, 2015; Cox, 2015). According to Schiele (2007, 279), a sourcing lever can be defined for example as ‘a set of measures that can improve sourcing performance in a commodity group’ or category. In addition to the seven sourcing levers suggested by Schiele (2007), the practitioner literature identifies various sets of levers, such as the sixteen connected to the Chessboard by A.T. Kearney or the fifteen in five categories by O’Brien (2012). The set of seven by Schiele (2007), has received the most attention in the academic literature, for example in terms of estimating the cost-saving potentials of the levers and categorizing them into bundles for implementing particular strategies (cost leadership or differentiation; Schiele et al., 2011), as well as matching the levers with the Kraljic (1983) -matrix. The results of the latter suggest that purchasers ‘use a mix of all tactical sourcing levers in all portfolio quadrants’, and that ‘rather than being viewed as alternatives, tactical sourcing levers are used in an additive way’ (Hesping and Schiele, 2016). Recognizing that the set of seven sourcing levers may not yet be complete, it is still a useful general framework for the coherent action phase to identify projects for category performance improvement and value creation, across all guiding policy defined situations. For such a purpose, Schiele et al. (2011) suggest steps for conducting lever analysis workshops. Summarizing the above into the fifth design principle, we suggests that the agenda for the coherent action –phase of strategic category management may be determined by company strategic imperatives, the implications of the primary and sub-level guiding policies, but then also include the consideration of a set of generic souring levers for identifying and maintaining a pipeline of category projects for creating value.
	A construct for strategic category management system might also be conceptualized as a management tool, defined broadly as ‘a document, framework, procedure, system or method that enables a company to achieve or clarify an objective’ (Brady et al., 1997, 418). Whereas for example the action research literature offers perspectives on how the tool design process should be executed (e.g. Moultrie et al., 2007; Lindgren et al., 2004), there is less accumulated knowledge on the characteristics of good or successful management tools. In a supplier performance measurement tool design context, Doolen et al. (2006) seem to suggest that simple tools with visual cues and concise designs would be appropriate. Moultrie et al. (2007) recognize that tool design often needs to carefully balance comprehensiveness and usability, and that delivery of a tool is key in the formation of perception of the tool, influencing buy-in. Using language that is familiar to users, using specific worksheets for supporting thinking and encouraging actions, as well as allowing for pragmatic adaptation to the needs of the users, may be some of the key aspects for designing a buy-in focused delivery
	In the context of technology management, Phaal et al. (2006, 338) provide a synthesis of good practice principles for tool design, and suggest that tools should be ‘founded on an objective best-practice model; simple in concept and use; flexible, allowing ‘best fit’ to the current situation and needs of company; not mechanistic or prescriptive; capable of integrating with other tools, processes and systems; result in quantifiable improvement; and support communication and buy-in.’ Many of these provide useful perspectives and foundations for principles for designing strategic category management systems. For example, much of the previous discussion on the substance oriented design principles is meant to provide a foundation that is based on the research and practice supported concept of purchase category, as the appropriate unit of analysis for strategizing in PSM. As the tools adopted for the three-dimensional alignment are all based on 2x2 matrices (Kraljic, 1983; Cox, 2015; Drake et al., 2013), the prerequisites for a simple and usable design exist (Phaal et al., 2006); however, joint use of these elements, with analytic diagnostics and levers for coherent actions, nevertheless would still need to adhere to the principle of simplicity.
	Phaal et al. (2006) also suggest that matrix-based tools are ‘fairly flexible’, allowing customization for particular category contingencies. The degree of flexibility appears to be determined by the choice of how to operationalize and measure the dimensions of the matrix. Operationalizations determine positions and guiding policy outcomes, and indeed, this aspect, on one hand driving flexibility, has been, on the other hand, concluded to be the weakness of portfolio models (Gelderman and van Weele, 2003). Gelderman and van Weele (2003) offer three alternative measurement methods for the Kraljic (1983) –matrix, applicable to the other matrix-tools as well, namely the consensus methods (focus on relatively fast discussion-based use and flexibility), the one-by-one method (with single operationalized measures for each dimensions for objective, comparable and fast use), and the weighted factor score –method for including several factors per dimensions and for customization and flexibility. From academic perspective, a fuzzy multi-attribute scoring method for measuring the dimensions of the Kraljic (1983) –matrix has been found useful (Padhi et al., 2012). Relating to the tool design principles of Phaal et al. (2006), the consensus method is most likely to prevent mechanistic application, perhaps in contrast to the other methods, as this approach facilitates the ‘profound, open discussion about purchasing issues’, that are found to be ‘the most critical part of strategy development’ (Gelderman and van Weele, 2003, 210).
	In terms of designing a category management system that would be able to integrate with other tools, processes and systems, perhaps already existing in the company, it is useful to take note of the apparent pervasiveness to which the Kraljic (1983) matrix, or its varying incarnations, is used in practice (Gelderman and van Weele, 2003; Pagell et al., 2010). A strategic category management system, based on the Kraljic (1983) –matrix would therefore be desirable, as the more comprehensive new system would potentially build on the existing knowledge and competencies of the users. While return-on-investment might be difficult to demonstrate from the use of specific approaches to category management, research shows that strategic alignment in PSM results in quantifiable improvement (González-Benito, 2007; Baier et al., 2008), and that the use of the Kraljic (1983) –matrix specifically, is sign of purchasing sophistication (Gelderman and van Weele, 2005).
	For buy-in, the simple consensus method may be useful, as guiding policies that are a result of open discussion in a cross-functional category team context, may be more likely to enjoy acceptance in comparison to mechanistic application of black-box tools (cf. Muralidharan et al. 2002). However, managers tend to be biased as well in non-structured decision making situations, regarding for example supplier selection (Verma and Pullman, 1998; Kannan and Tan, 2002). The insights by Moultrie et al. (2007), recognizing the trade-off between comprehensiveness and usability, suggest the use of familiar terms, worksheets or workbooks, and allowing for adaptation as drivers for maximum buy-in.
	Summarizing, we suggest technical design principles for the prototype strategic category management system construct. First, a design that is to large extent based on visually communicable 2x2 matrices may likely meet the criteria for simplicity and flexibility, especially, if the dimensions and positions of categories and items are based on a consensus oriented discussion, perhaps with operationalizations and explicit valuations with worksheets. Second, the consensus method also prevents mechanistic and opaque application, and if appropriate terms and worksheets for concretizing the positioning tasks are utilized, a higher buy-in than would otherwise have been expected, may be achieved. Third, a design that is based on the Kraljic (1983) –matrix is more likely to be integrated into tool sets that are actually used, as such are likely to build on an existing knowledge and competence base of the users and stakeholders (cf. Cox, 2015).
	3 The prototype construct
	Based on the above developed five substance-oriented and three technically-oriented design principles, we propose a literature-based prototype construct for strategic category management in purchasing (Figure 1). Based on the first substance-oriented design principle, the system is structured to comprise of three distinct sections, (1) for diagnosis, (2) for guiding policies and (3) for coherent actions. These sections may be considered in order to or steps may be taken back, for example for diagnostic needs for secondary or sub-level guiding policies, or for checking for feasibility with guiding policies as a result of brainstorming for actions with the sourcing levers. 
	Based on the second substance-oriented design principle, the system ensures strategic, requirement and supply market alignment of category strategies and actions with three matrices (Kraljic, 1983; Cox, 2015; Drake et al., 2013), jointly determining the primary guiding policies for the category. Based on input from the diagnosis phase, or the coherent action phase, secondary or sub-level guiding policies may be determined with a selection of appropriate tools (matrices) from a “library”, as the third substance-oriented design principle suggests. It is recognized that some of the primary guiding policies influence secondary guiding policies, such as specific cases of international supply.
	The obvious implication of the alignment targeting guiding policy frameworks is the identification of certain analytical needs for the diagnosis phase, such as in terms of competitive priorities, category characteristics and supply market characteristics. As depicted in Figure 1, these fundamental aspects of the category may be visualized in a category profile, allowing stakeholder communication and comparison across any of the purchase categories in the company. Furthermore, company and functional level strategic imperatives should be identified at the diagnosis phase (Figure 1). Finally, and according to the fourth substance-oriented design principle, secondary or sub-level guiding policies may drive additional diagnostic needs, depending on the company context and other contingencies.
	The fifth substance oriented design principle suggests that the primary and secondary guiding policies, any identified strategic imperative with direct task implications, as well as sourcing lever –based analyses determine the agenda in terms of coherent actions for improving category performance and value creation. Finally, important elements in the coherent action phase are project planning and performance measurement tools and frameworks, as such practices has been shown to have a favorable effect on project success (Zwikael and Sadeh, 2007; Cooke-Davis, 2002; Pohl and Förstl, 2011)
	The technically-oriented design principles also guided our efforts for constructing the prototype system. Aligned with the first design principle, we suggest the use of 2x2 matrices in determining and communicating guiding policies, with the key foundational element being the Kraljic (1983) –matrix (see third design principle), allowing for improved buy-in. The second design principle for technical delivery is perhaps the most challenging to implement, as explicit guidance on operationalizing the dimensions of the matrices for primary guiding policies in a practical setting is scarce. How to actually design and implement a consensus-based method for measuring supply market complexity, buyer-power, or requirements for agility? As some form of worksheets seem to be recommended for concretizing and facilitating discussions, we also propose simple templates for such purposes.
	First, for purchasing importance, supply market complexity, as well as buyer and supplier power, we propose a template where the dimension has been given three to four operationalizations, as well as an option for thinking any other driver for the dimension. Space is provided for noting arguments and comments, and then the template encourages the decision maker(s) to make an explicit interpretation in terms of whether measure would be low, medium or high (Figure 2). Traffic light –type visual cues are used in the excel-based template. And finally, an overall value is given based on the discussion across several measures. It should be noted that this overall value is not an average of the constituent measures, but rather a consensus outcome of considering all aspects, as it is hardly the case that a measure with “low” value, could necessarily compensate for a “high” value in another, for example in terms of supply market complexity or risk (Gelderman and van Weele, 2003).
	A second type of template is used for considering the competitive priorities of the firm and the respective alignment of the category management efforts (Figure 3). The template is based on the generic competitive priorities of operations management (Hayes and Wheelwright, 1984), adapted to the PSM context (Krause et al., 2001), and extended with the dimension of sustainability (e.g. Schneider and Wallenburg, 2012). Drawing on the Drake et al. (2013), we employ a simple numerical assessment method, in which (1) the importance to competitiveness of the relevant offering, and (2) the category’s strength of impact, are evaluated in terms of each of the competitive priority dimensions on scale from 1 to 3, corresponding to low, medium and high. Using the numerical assessments, based on the underlying discussions, allows the simple calculation of the priorities for category management, which are the product of the two previously mentioned evaluation targets. Using color shading for visual cues, decision maker(s) may form an alignment enabling understanding of the customer requirements, and averages for leanness (cost and quality) and agility (flexibility and delivery) are calculated as well for use in guiding policy analysis.
	It is proposed that these simple and transparent templates provide a platform for alignment oriented diagnosis for strategic category management. It should be noted that focus should not be in mechanistic selection of values, but rather on open discussion and a consensus-based crystallization of the category profile in terms of values and a radar-chart (Figure 1).
	4 Conclusions and further research
	The aim of this paper has been to suggest a prototype construct design for a strategic category management system. Having aligned our research process with design science, and explicitly with the constructive research approach as suggested by Kasanen et al. (1993), we review the literature for system design principles, i.e. five substance-oriented and three technically-oriented principles. These may be summarized as follows: 
	1. Strategizing in PSM should follow the basic cycle of diagnosis, guiding policy analysis, as well as planning and implementing coherent action, and that such a cycle should first and foremost take place at the level defined by the basic unit of analysis for strategizing in PSM, namely the purchase category.
	2. Guiding policies for strategic category management should primarily focus on achieving alignment in three respects: (1) in terms of strategic alignment with competitive priorities, (2) in terms of requirement alignment with category characteristics, and (3) in terms of supply market alignment with characteristics of the factor markets.
	3. Appropriate sub-level guiding policies may be identified for strategic category management based on several contingencies, such as category characteristics and company context.
	4. The agenda for the diagnosis phase of strategic category management is primarily driven by the analytical and information needs for alignment, and secondarily by diagnostic needs for sub-level guiding policies.
	5. The agenda for the coherent action –phase of strategic category management may be determined by company strategic imperatives, the implications of the primary and sub-level guiding policies, and the consideration of a set of generic souring levers for identifying and maintaining a pipeline of category projects for creating value.
	6. A design for strategic category management should be based on visually communicable 2x2 matrices for simplicity and flexibility.
	7. A design for strategic category management should be largely based on the consensus method for preventing mechanistic and opaque application, with appropriate terms and worksheets used for concretization and buy-in. 
	8. A design for strategic category management that is based on the Kraljic (1983) –matrix is more likely to be integrated into tool sets that are actually used. 
	By adhering to the stated design principles, we proceeded to construct a prototype system through a literature synthesis. A design was suggested with the strategic cycle of Rumelt (2011) as an overall structure, and with prominent strategic PSM frameworks incorporated for guiding policy analysis (Kraljic, 1983; Cox, 2015; Drake et al., 2013), and a sourcing lever framework (Schiele, 2007) for planning coherent action. 
	As further research, we suggest practitioner engagement for refining the prototype, and efforts to demonstrate the applicability and validity of the solution through a multiple case-study with solution-market tests (Kasanen et al., 1993). The particularly interesting areas of refinement may be considered the operationalization and measurement of dimensions for guiding policies (e.g. is the consensus-method superior to for example the weighted-factor method due to its flexibility, transparency and discussion facilitating properties?), the appropriate inclusion of guiding policy frameworks (simplicity vs. comprehensiveness), and the degree to which the sourcing lever framework of Schiele (2007) fully captures the range of methods to improve category performance. Furthermore, in order to accumulate knowledge on the association or even causality between the use of constructs for strategic category management and category or PSM performance, the framework suggested by Denyer et al. (2008) for analyzing the context, intervention, mechanism and outcome of strategic category management, could be used for conducting case studies.
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	Abstract
	This paper is intended to contribute to the process of building a set of tools that will help in the debate on the Working Capital impact on firms’ profitability. It analyzes the impact on the working capital needs and profitability of the industrial goods sector business based on different levels of product standardization and compares the Engineer-to-Order capital needs to businesses with more standardized products. ABB’s (Asea Brown Boveri) Transformers business is used for this study – a roughly five billion U.S. dollar business – which includes more than 40 worldwide factories. The customized, complex products and the underlying uncertainties of markets define the capital needs of the business, however this paper also shows that working capital management affects profitability.
	Keywords: net working capital, profitability, Engineer-to-order, Cash Conversion Cycle
	1 Introduction
	The purpose of this paper is to provide empirical evidence on how can Working Capital affects competitiveness in an Engineering-to-Order (ETO) business. Working capital is defined as the result of the time lag between the expenditure for the purchase of raw materials and the collection for the sale of the finished product (Shin and Soenen, 1998).
	Net operational working capital is then defined as operational current assets minus operating current liabilities. It is typically equivalent to cash, receivable accounts and inventory minus payable accounts and delayed accounts (Mueller, 1953). Efficient working capital management is a key component of corporate strategy to create shareholder value (Shin and Soenen, 1998) and it entails of applying methods, which remove the risk and lack of ability in paying short-term commitments in one side and prevent over investment in these assets in the other side by planning and controlling current assets and liabilities, which in turn reduced the Cash Conversion Cycle (CCC). Management of working capital affects the profitability of the firms (Gill et al., 2010) and thus directly affects the shareholder value.
	Firms may have an optimal level of working capital that maximizes their value. Large inventory policy may lead to higher sales, especially when there is a market downturn or too much competing capacity. The larger inventory also reduces the risk of a stock-out, causing lost manufacturing capacity. Another component of working capital is accounts receivable. Accounts receivable are the amounts a firm has a right to collect because it sold goods or services on credit to a customer. As with inventories, generous trade credit policy may lead to higher sales and countless firms are prepared to change their credit terms in order to win customers and to gain large orders (Cheng and Pike, 2003). However, uncollected accounts receivable can also lead to cash inflow problems for the firm. 
	Finally, accounts payable to suppliers allows firms to access the quality of bough products and can be a flexible source of financing, however delaying payments can be expensive if the firm is offered a discount for early payment (Raheman and Nasr, 2007), especially in periods of lower cost of capital.
	2 Engineer-to-Order Supply Chain
	This paper focuses on engineer-to-order business, which has not been explored as much as other recognized business types. Based on well-known literature (Gosling and Naim, 2009; Hoekstra and Romme, 1992; Lampel and Mintzberg, 1996; Naylor et al., 1999; Yang and Burns, 2003), six supply-chain structures can define to describe operations: engineer-to-order (ETO), buy-to-order (BTO), make-to-oder (MTO), assemble-to-oder (ATO), make-to-stock (MTS) and ship-to stock (STS). 
	Wikner and Rudberg (2004) use the concept of customer order de-coupling point (CODP) to provide a way of differentiating between manufacturing approaches (Rudberg and Wikner, 2004). The CODP defines where in the manufacturing process a product is linked to a customer order. A literature-review by Wikner and Rudberg focuses on four CODPs that are most frequently applied: ETO, MTO, ATO and MTS (Wikner and Rudberg, 2001). These are shown in Figure 1
	In ETO environments, firms’ products are highly customized to meet individual customer specifications and are produced in low volume. Certain parts of the design are highly customized, while others are standardized or modularized. This situation makes it difficult to outsource components and subsystems, since these are only specified once the design process is finalized and approved (Hicks et al., 2000), and increases overall costs and lead times.
	Firms aim to increase the standardization and modularization of their products, not only to reduce design costs, but also to reduce procurement costs and lead times that bring reduced payables and inventories. Procurement costs are reduced through consolidation of materials defined in the design phase, which in turn reduce indirect costs related to the warehouse and logistics. The risk of material obsolescence is reduced and thus the needed provisions. Inventories are reduce in twofold: lower material costs and reduced lead time due to more standardized manufacturing process.
	Cash Conversion Cycle (CCC) is also a good approach to describe Working Capital management. The CCC expresses the number of days, that it takes for a firm to convert resource inputs into cash flows. It attempts to measure the amount of time each net input dollar is tied up in the production and sales process before it is converted into cash. This metric is defined as: CCC= Days Inventory Outstanding (DIO) + Days Sales Outstanding (DSO) – Days Payable Outstanding.
	Thus, we hypothesize that in business with higher engineering needs per design, i.e. ETO, Net Working Capital and CCC will be higher than in businesses with standardized products.
	Hypothesis 1: Higher level of product standardization leads to lower net working capital and thus longer Cash Conversion Cycle
	CCC and firms’ profitability is an area widely revisited by academia and several scholars have established a link between profitability and the CCC (Cheng and Pike, 2003; Lazaridis and Tryfonidis, 2006). According to Deloof (2003) working capital management has an impact on firms profitability and a certain level of working capital does maximize returns. 
	This paper aims to establish a relationship between CCC and profitability in an ETO environment. As previously discussed, ETO environments might need larger Working Capital requirements than other “more standardized” environments, like ATO, MTO or MTS, leading to longer CCC. A long cash conversion cycle might increase profitability because it leads to higher sales. However, corporate profitability might decrease with the cash conversion cycle, if the costs of higher investment in working capital rise faster than the benefits of holding more inventories and/or granting more trade credit to customers (Gill et al., 2010). Therefore, even if a certain level of CCC reduction increases profitability, this will be mostly based on the level of standardization of the products.
	Hypothesis 2: Product standardization reduces the optimal CCC that maximizes profits
	Standardization is usually sought due to external events, i.e. emerging competitors that base their competitiveness purely based on price might force a firm to standardize their products to compete in the lower price range and keep volume, while keeping a high degree of engineering in the higher ranges to maintain margins.
	In this context, the objective of the current work is to provide empirical evidence about the effects of working capital management on profitability for a panel made up of 18 firms during the period 2014-2016. This work contributes to the literature in two ways. First, no previous such evidence exists for the case of ETO companies. We use a sample of European and US Transformer factories that operate with full profit and loss responsibility under the same conglomerate umbrella. Second, we could not find previous work that tested how different levels of standardization affected working capital needs.
	3 Sample and Descriptive Statistics
	The data for the analysis are drawn from Asea Brown Bovery (ABB) firms. The sample firms belong to the same global corporation but keep a high degree of independence due to the nature of the business. The data collected is between the periods of 2014 and 2016, and it includes eighteen factories from twelve countries in Europe and North America.
	As determinants of business performance, we use orders received and operational EBITDA defined as: operational EBITDA = Revenues – Expenses (Excl tax, interest, depreciation & amortization).
	Using the firms’ data, this paper explores the different levels of engineering affect the overall cash management performance. Descriptive statistics are given in Table 1 and Table 2. From the tables it can be seen that on, average, firms’ receive 9.8 million USD orders per month, while 8.9 million USD are translated into revenues. Inventories, however, were rather high, 14.7 million USD on average and NWC % 23.8%. Moreover, on average, firms had almost 5 months of CCC or 139.8 days, with a correlation between CCC and ETO level of 0.68.
	4 Data analysis
	The model considers the simultaneous relationship between a set of variables measured across time for a set of factories, a cross-panel dataset. Cross-sectional analysis allows extrapolation of results to a population, while time-series analysis is helpful in determining causality as well as seeing whether the same relationship holds across time (Garriga et al., 2011).
	After checking for correlation, a least square regression to was used to test the hypotheses. The regression model becomes the following:
	𝑦𝑖𝑡=𝛽0+𝑋1𝑖𝑡𝛽1𝑖𝑡+…+𝑋𝑘𝑖𝑡𝛽𝑘𝑖𝑡
	𝑦𝑖𝑡: dependent variable
	𝑋𝑘𝑖𝑡: independent variables
	Finally, four models are created using the regression equation to evaluate the impact of an ETO business on working capital management impact and business profitability.
	5 Results and Conclusion
	Recent interest in working capital management, its optimization and influence on firms’ profitability makes it important to understand the impact of different business models type, from Manufactured to Stock to Engineered to Order. The effects of product standardization were measured using ETO level (see Model 1 in Table 3). We hypothesized that standardization leads to a lower net working capital and thus to a longer cash conversion cycle. The results, seen on Table 3 support this hypothesis, they show how the ETO level – which is inversely correlated with product standardization – the higher the ETO level the longer the CCC.
	The second hypothesis is tested on Table 4. It is confirmed that a shorter Cash Conversion Cycle increases operational EBITDA. However, the analyses don’t show how product standardization affects the optimal CCC that optimizes profit – they show CCC with ETO level has a small impact on profitability. These results are also affected by external factors that might affect profitability, such as countries economic growth or emerging competitors with better cost structures.
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	Abstract
	It was not a natural disaster but terrorism (the September 9/11 attacks) that brought into question the transactional orthodoxy guiding the post-Cold War design configuration of international supply chains. The US government reaction was to put social pressure and introduce trade measures on multi-national enterprises (MNEs) that were importing manufactured products based on scale economies and low factor production costs. They were forced to self-police their supply chains and implement security measures. If they were be able to continue to have access to the US market. In order to reduce security risks they had to become involved in public/private partnerships, have C-TPAT accreditation, build up buffer “stock” and offer financial support to domestic manufacturers and logistic firms. This was perceived as a cost of production rather than a source of future capability. However security poses only one source of disruption and it became evident that there were many natural as well as man-made disasters confronting international supply chains. Therefore, by 2005, the work of MIT’s Yossi Sheffi with his seminal book “The Resilient Enterprise” brought scholarly attention to the need for firms to have resilient supply chains. A chain robust enough to absorb disruption, keep functioning and return back to normal supply activity in as short a time as possible. In 2015, Sheffi re-emphasized the power of resilience in the supply chain through his latest book “The Power of Resilience: How the Best Companies Manage the Unexpected.” This perceived resilience as a capability for building supply chain competitive advantage. Whilst supply chain resilience has grown as an important scholarly field, one area overlooked by scholars is the role to be played by big data technology. In this technical viewpoint we explore the role that big data could play in the supply chain, to improve its resilience and transform its operational capability. It acknowledges the reasons for the dearth of scholarship and also looks at the “dark side” of big data as well as highlighting the contribution that such technology might play in a radical revision of the resilience discourse. Finally, we propose an initial theoretical framework with examples of the type of operational capabilities that big data could bring with respect to international supply chain resilience.
	Keywords: 
	1 Introduction
	In the supply chain capitalism approach of Tsing (2009) international supply chain configuration decisions were simply a result of economic and exploitative determinants. Even though supply chains proved highly profitable for the multi-national enterprises (MNEs) orchestrating their design, they were also very much based on oversimplified analytics and limited data availability. Globalization exacerbates supply chain risks since the resulting dependencies might lead to risks on the demand side as well as the supply side (Thun and Hoening, 2011). It is thus based on the strategic importance of supply chains that disruptions and the associated operational and financial risks represent the most pressing concern facing firms that compete in today's global marketplace (Craighead et al., 2007). Extant research has confirmed the costly nature of supply chain disruptions, for example, during recent mega-disasters, such as the 2011 Great East Japan Earthquake and the 2011 Thailand floods, interdependencies in supply chains caused substantial economic damage (Haraguchi and Lall, 2015). More recently, the port explosions at Beijing’s maritime gateway affected most of the 285 ‘Fortune Global 500’ companies with offices in Tianjin, with the automobile sector taking the hardest hit (Mladenow et al., 2016). Therefore, in order to overcome their vulnerabilities, respond effectively to the negative effects of disturbances (Patil and Kant, 2016) and improve competitiveness (Pourhejazy et al., 2017) international supply chains must be resilient. A resilient international supply chain has adaptive capability to manage disruptions by enabling the supply chain to bend rather than to break and many authors agree that it is a property that increases the sustainable competitive advantage of firms (e.g., Ponis and Koronis, 2012; Melnyk, 2014; Ambulkar et al.,2015).
	2 International Supply Chain Resilience
	Whilst the evolution of resilience may have been plagued by competing definitions, there is general consensus that it is a multifaceted concept, which is increasingly being used as a metaphor in diverse fields of study to examine system propensity to adaptation (following a disturbance). According to the systematic review conducted by Annarelli and Nonino (2016), the main subﬁeld of research has been international supply chain resilience. 
	Indeed, Papadopoulos et al. (2017) have acknowledged that supply chain networks resilience has become one of the most debated subjects among scholars in operations and supply chain field. The significance of international supply chain resilience is validated by the latest Gartner’s Supply Chain Top 25 report (Hofman et al., 2011), in which authors identify resilience as being one of the four major themes for 2011 (Ponis and Koronis, 2012). So much importance is attached to resilience perhaps because it is often perceived as highly desirable given that it increases a firm’s readiness in dealing with risks that can emerge from the customers’ side, the suppliers’ side, the internal processes adopted and the supply chain integration mechanisms employed (Purvis et al., 2016). It also often includes examining how a system can restore after a disruption, as opposed to only examining how to prevent disruptions (Taquechel, 2013). 
	Competing as the case may be, it seems that more recently some progress has been made in the direction of a mutually acceptable definition. Annarelli and Nonino (2016) have observed that the academic literature has reached a shared consensus on the deﬁnition of resilience. An examination of some of the definitions provided for international supply chain resilience seems to support the view that no conceptual differences between the deﬁnitions of the supply chain’s adaptive resilience capability at the system level are currently apparent in the literature (Scholten et al., 2014). For example, Rajesh (2017) acknowledges resilience as the property of supply chains to handle impending vulnerabilities and potential disruptions, whereas to Kumar et al. (2010, p. 3721) “resilient international supply chain networks need to be built having the ability to maintain, resume and restore operations after any disruption.” It can thus be thought of in terms of “shock absorption” between stages of the supply chain (Shefﬁ and Rice, 2005). In this work we adopt the following definition which seems to reconcile both the proactive and reactive view of resilience whilst emphasizing its strategic potential:
	International supply chain resilience is the supply chain’s ability to be prepared for unexpected risk events, responding and recovering quickly to potential disruptions to return to its original situation or grow by moving to a new, more desirable state in order to increase customer service, market share and financial performance (Hohenstein et al. 2015, p. 108)
	The importance of global supply chain management to a firm’s bottom line has created the impetus for supply chain researchers to channel efforts in unpacking the factors that promote resilient capabilities. However, given the imprint of heterogeneity in its genealogy, the operationalization of international supply chain resilience has proven to be as elusive as its definition. For example, it has been suggested that the early conceptualisation of resilient capabilities was beset with vagueness, imprecision, as well as inconsistencies (Sahu et al., 2017). Furthermore, as Juttner and Maklan (2011) has rightly observed, the divergent concepts from theory building have led to an inconsistent use of terminologies in order to develop international supply chain resilience through antecedents, attributes, capabilities, elements and enhancers. Whilst authors such as Annarelli and Nonino as well as Juttner and Maklan are probably right about the mechanics of achieving resilience in practice, scholars seem to have settled on the formative elements of resilience. Increasingly, these formative resilience elements are being captured at a capability level (Ponomarov and Holcomb, 2009). Formative resilience capabilities are based on integrating and coordinating resources which often span functional areas and thus may become manifest in the supply chain processes. In the literature, a range of overlapping terminologies for these formative resilience capabilities is suggested (see Ponomarov and Holcomb, 2009 and Briano et al., 2009 for overviews). The four capabilities of ﬂexibility, velocity, visibility and collaboration appear to be the most frequently mentioned and according to Juttner and Maklan (2011) they seem to capture the conceptual essence of all suggestions. In this work we maintain the same line reasoning and such being the case, the rest of this paper interrogates the utility of Big Data technologies in strengthening or developing supply chain resilience capabilities.
	3 Big Data
	Big Data can be defined as multimedia-rich and interactive low-cost information resulting If from mass communication (Zhan et al. 2016). It was initially characterized in terms of the high volume of data, the high velocity of nearly real-time or real-time data creation, and the high variety of data from different sources.  More recently, Wamba and Akter (2015: 61) extended this original characterization by redefining Big Data as: “a holistic approach to manage, process and analyse the 5Vs (volume, velocity, variety, veracity, and value) in order to create actionable insights for sustained value delivery, measuring performance and establishing competitive advantages.” This more contemporary definition is implicit in stressing that the value levers of big data are not inherent in the data per se but rather incumbent on how these are managed and embedded within extant organizational processes. The notion of embeddedness is in sympathy with the idea of resource reconfiguration or alternatively capability formation or renewal. Therefore, this bodes well with the notion that big data could be viewed as a critical building block of supply chain resilience capabilities and its eventual reconfiguration.
	4 Big Data Analytics
	Big Data analytics (BDA) is viewed as the vehicle that enables the extraction of value from big data. BDA is the process of using analysis algorithms running on powerful supporting platforms to uncover potentials concealed in big data, such as hidden patterns or unknown correlations (Hu et al., 2014). Hence, as  Russom (2011) observes, BDA is really about two things - big data and analytics - plus how the two have teamed up to create one of the most profound trends in business intelligence (BI) today. Recognising their mutual interdependencies in supply chain management it is now common to speak in terms of Big Data and predictive analytics (Papadopoulos et al., 2017) as an all-encompassing term for techniques destined to handle Big Data. For instance, Markov chains, Markov decision processes (MDPs), queuing theory and discrete state models are widely used analytics, optimization and decision making tools. 
	5 Integrating Big Data with international supply chain resilience
	Roberta-Pereira et al., (2014) have noted that scant attention has been paid to investigating relevant issues orientated to the enhancement of resilience in supply chains in spite of the efforts of some researchers to explore ways to better adapt to unforeseen disturbances. Perhaps what is even less forgiving, particularly in the context of the digital revolution era, is the serious lack of research efforts to examining the value digital information and communication technologies (DICT) brings to this debate. This is surprising given that the potential of DICT in enhancing supply chain resilience is widely recognised by SCM practitioners and commentators alike. For example, writing in Forbes, Culp (2013) acknowledges that when configured correctly, DICT can increase supply chain resilience through analytics, data and information sharing, scenario modeling, and pre-programmed responses. Of all the emerging and new DITCs, Big Data and predictive analytics (BDPA) appear to be the technology of choice for supply chain optimization. 
	There may be reasons for this lack of scholarly focus. Most works on big data have focused downstream on forecasting, market intelligence, last-mile logistics or on inventory management and process improvement. Therefore the focus has typically been with realising new market opportunities, efficiency or cost reduction. Another focus is with privacy and security issues and the risks to supply chain actor confidentiality of big data (“dark side”). Although big data has been glamorised as the information “bloodstream” or “key strategic asset” of future city design (smart cities) and connected car transport (i.e. mobility services) its social as well as economic value to society and citizens is not as well popularised.  Certainly neither resilience nor supply chain resilience has been a key topic in “big data” strategy.  
	6 Big Data-Supply Chain Resilience Model
	In beginning to answer the research question of how big data can be used to improve supply chain resilience we have opted for a capability approach. Based on a detailed review of relevant empirical literature we have developed the following framework that is presented in Figure 1. The framework is set up to demonstrate how big data could be leveraged to respond to the challenges of climate change, protectionism and sustainability.
	Our analysis of the empirical work already conducted suggests that while companies do not set out to achieve supply chain resilience, the adoption of various big data technologies has inevitably led to the development of resilience capabilities along the supply chain. Drawing on the findings, scholars generally recognised that BDA could be leveraged in different parts of the supply chain in order to create value. In other words, there is widespread acceptance that BDA is valuable when it is used to create distinct capabilities as previously argued. In the main, the findings reveal that organizations are making use of the predictive proclivities of BDA to strengthen their decision making capabilities (Schoenherr & Speier-Pero, 2015) in a number of key supply chain activities. Some of these big-data enabled capabilities include market sensing (Chae, 2015; Lee, 2016; Li et al., 2015; Liu and Wang, 2016), planning and forecasting in different areas such as in logistics (Liu and Wang, 2016; Zhong et al., 2015) and demand and sales (Schoenherr and Speier-Pero, 2015), risk management (Papadopoulos et al., 2015; Wu et al., 2015; Zhao et al., 2015; Zou et al., 2016) and innovation (Tan et al., 2015) and most importantly visibility across the whole supply chain. Distinct capabilities often bestow performance advantages on the incumbent firms. The BDA-enabled performance advantages revealed by the findings include cost efficiencies (Bock & Isik, 2015; Hofmann, 2015; Li & Wang, 2015; Li et al., 2015; Liu et al., 2016; Schoenherr & Speier-Pero, 2015), enhanced customer services (Lee, 2016; Liu & Wang, 2016), agility, in terms of speed, flexibility and responsiveness (Giannakis & Louis, 2016; Kumar et al., 2016) and business growth (Chen et al., 2015). Based on these dynamics, it is quite clear that the BDA-enabled capabilities and performance outcomes speak to the four formative supply chain resilience elements of ﬂexibility, velocity, visibility and collaboration. Thus, it may be argued that these findings do indeed concur that supply chain resilience and competitive advantage may well be two sides of the same coin. 
	Firms may also, for example, design their supply chain in order to take advantage of operational synergies and therefore plan their network to enhance individual capabilities by merging operations (Chae, 2015); to manage imbalances between supply and demand (Zhao et al., 2015); or to manage uncertainty of the supply of input resources (Liu and Wang, 2016).
	7 Reflective Summary
	Adopting the global supply chain capitalism approach of Tsing (2009) or the transaction economics approach of Williamson (2010) big data would provide more sophisticated and enhanced resources for the international capitalist to squeeze even more value from chain configuration. It would provide far more superior optimization, accurate forecasting, track and trace capability and sophisticated means for accurately measuring the value contribution of each node (i.e. value added, efficiency and costs). 
	Running counter to the notion of a rampant supply chain capitalism piggy backing on the back of global free trade, there is evidence in the West of a more protectionist stance, in particular in the US, with the rise of President Donald Trump and in the UK with Brexit. Re-shoring, industrial strategy and localization of production is back on the political agenda in many Western economies as they seek to rebalance their financial and service driven economies and also strive to deal with an ever increasing productivity crisis and stagnant growth. As well as political pressure, new technologies are emerging which are facilitating less international production such as 3DP, additive manufacturing, robotics and drone technologies. Such technologies could facilitate shorter supply chains, with value pushed closer to the consumer and retained by the city where the goods are consumed rather than the value being globally diverted by the MNE’s into a tax haven. Much shorter supply chains could by their nature be more resilient. 
	However if we take a more neutral capability approach (Teece, 2007) one can observe that driven by the needs to be efficient and scale economies, most global supply chains have been designed using economic and operational factors such as cost, quality, flexibility, speed and delivery. These configuration decisions were based on oversimplified analytics and limited data availability. The consequences of inaccurate data analysis meant a failure to fully optimize supply chain nodal capabilities. These capabilities are increasingly needed to deal with the rapidly increasing threat say of climate change and its negative performance impact. For instance, supply chain nodes being located in vulnerable areas (a decision based on cost not by climate vulnerability), the production technology misfit with product modularity, and the product not matching local customer expectations. Big data if managed carefully could be adopted to improve international supply chain configurations so that they are both resilient and economically viable. 
	Whilst growing attention in the supply chain discipline is now with the threat of “last mile” logistics to resilience: as firms seek to exploit digital economy technologies, gig workers (self-employed, freelanced, minimum wage rates) and deregulated city transportation policies. This is a short run phenomenon and the real long run threat is that of climate change and the need for resilience to permeate throughout the global supply chain. Big data could play a role in enabling supply chains to be configured by resilient capabilities rather by scale economies and the (low) costs of production/logistics. Rather than exploit workers in the last mile, digital technology can and should be used to improve: nodal location decisions; worker conditions; the carbon footprint, wastage and pollution. We need as supply chain scholars and practitioners to recognize that we are no longer in the 20th century design configuration era of “time-space” compression, but rather we are in a 21st century era of “big data-climate change”. It is time to critically rethink our scholarship and offer 21st century resilient solutions for 21st century issues, challenges and problems.
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	Abstract
	This descriptive research addresses sustainability developments within circular economy (CE). Firstly, a 7R framework that provides an updated base to assess, develop and compare Eco-Industrial Parks (EIPs) was developed and preliminarily checked with secondary data from the Suzhou Industrial Park, which enables relevant benchmarking among EIPs all over the world. Secondly, different typologies of industrial parks in China provinces were analysed and related role changes were described. The 13th Five-Year Plan on National Economic and Social Development, called for the third generation of EIPs, as enablers of sustainability and balanced development of urbanization in an eco-city that combines industrial growth with city development. Therefore, Corporate, Consumer and Citizen Social Responsibility (coined as 3CSR) are attached to pursuing economic growth, social progress, and environmental sustainability. This research sets the scene for significant CE future developments, by leveraging the role of modern eco-cities through EIPs guided by a new conceptual model (7R).
	Keywords: Sustainability; Circular Economy; Eco-Industrial Parks (EIP); Suzhou Industrial Park; Eco-City; Chinese Industrial Parks; 3R principles; 5R model; 7R framework; EIP Benchmarking; EIP design
	1 Introduction
	The world population have been suffering a very high cost of resource wastage and environmental deterioration due to excessive industrial production, such as depletion of water and energy, disruption of soil and plants, biodiversity reduction and greenhouse effect. 
	Economic-technological Development Zones, High-tech Industry Development Zones, National Demonstration Eco-Industrial Parks (EIPs), and New Development Zones have operationalised some of the actions pursued by central and regional governments of China to promote sustainable economic growth. In particular, EIPs have been emerging over the last decades based on both the industrial symbiosis and circular economy concepts. So, a first research question arises concerning the current interest for EIPs, i.e. if they still deserve a research effort in China, which has become the true “world plant”, in 2012. Therefore, this paper will help to set the scene concerning the current role of EIPs, since that all kinds of industrial parks have played a great role as “policy pioneers”(Shi & Yu, 2014). In fact, after the quick development of urbanization in China that has been taking place over the past decade, it is getting more and more urgent to create a win-win relationship between economy and environment during urbanization process in an industrialized town (Yu et al., 2015a). So, one might be led to think if the EIPs still play a relevant role (vide also Xing et al., 2017b). Within this Past scenario, the Chinese Government initiated an ambitious national demonstration EIP programme in 2001 and some trial EIP programmes later on (Behera et al., 2012; Shi et al., 2012) to increase environment awareness in harmony with industrial growth. Therefore, there appears to be some successful experiences and, also, failure lessons to be learnt, because circular economy and sustainable development are increasingly getting of the public domain concern.
	On the other hand, Circular Economy (CE) is the integration of activities of reduction, reuse and recycle during producing, exchange and consumption (Shen & Qi, 2012), which is essentially an ecological economy that requires human economic activities to be aligned with the 3R principle. It changes the traditional one-way linear economic model into the feedback closed loop mode of “resource – product – waste – renewable resource”, which conforms to the concept of sustainable development. Thus, resources usage and environmental protection are more effective, while maximal economic and social benefits are simultaneously targeted (Ying & Zhou, 2012).
	Moreover, the United States Environmental Protection Agency (US EPA) has defined an Eco-Industrial Park as a community of manufacturing and service businesses aiming at enhanced environmental and economic performance by close collaboration in managing environmental and resource issues. Thus, these traditionally independent entities are brought together into a cooperative physical exchange of materials, energy, water, and by-products. This constitutes the named industrial symbiosis that happens within the scope of a green infrastructure of scavenger companies located on the common property of a EIP (Chertow, 2000; Popescu, 2008; Valenzuela-Venegas et al., 2016). To sum up, a EIP is a type of industrial park, which is designed and constructed according to Cleaner Production requirements, Circular Economy concept and Industrial Ecology Theory. It also obeys to the 3R principle of Circular Economy (Holländer et. al, 2009). However, the 3R principle has developed to include either the ecosystem maintenance or even the need to repair a destructed ecosystem (Shen & Qi, 2012; Li et al., 2015). This raises a second research question about the possibility to upgrade this cornerstone principle of the Circular Economy (3R) and so, of the EIPs support. In fact, if one is interested either in developing an EIP, in assessing it, or even in comparing it, there should be a reasonably updated and supported framework to provide some guidance to the above mentioned exercises. So, the role of the 3R principles might very well be a gap aiming at further discussion. In this paper, a conceptual proposal was developed from this background and motivations, and preliminarily tested in a descriptive study. The starting point of the literature review was the analysis of the connotation of 3R and 5R related to circular economy. Then, an attempt to propose an innovative conceptual framework coined as the7R principle was made (vide also Xing et al., 2017a).
	2 Literature review
	2.1 Concept of Eco-Industrial Park
	2.2 3R/5R Frameworks
	2.3 Proposal of an Innovative Conceptual Proposal ‒ the7R Framework

	China has witnessed a rapid economic growth from “Reform and Open door” policy, in 1978. In the transition of almost 40-year economic miracle, China government tried a serial of methods to promote the development of all walks of life, including agriculture, industry and service, some of which really work very well and fulfil some economic goals. In order to promote economic growth, some attempts have been tried by central and regional governments of China, such as the Economic-technological Development Zone, High-tech Industry Development Zone, National Demonstration Eco-Industrial Parks, and New the Development Zone. All kinds of industrial parks have played a great role as “policy pioneers” (Shi & Yu, 2014). Nowadays, an increasing number of researchers and practitioners both in China and foreign countries are interested in such themes as circular economy and Eco-Industrial Park (EIP).
	The concept of Eco-Industrial Park (EIP) by the United Nations Environment Program was introduced to China in 1997 (Hashimoto et al., 2010; Shi et al., 2010). EIPs are a new form of industrial organization based on industrial symbiosis and circular economies emerging from the extensive recognition of sustainable development proposed in the International Union for Conservation of Nature (IUCN). Industrial symbiosis concern the engagement of entities that are traditionally separated in a collective approach to gain competitive advantage by involving physical exchange of materials, energy, water, and by-products (Chertow, 2000). An Industrial Park can be classified as an Eco-Industrial Park (EIP) if the community of businesses cooperate with each other, sharing resources (Valenzuela-Venegas et al., 2016) and, leading to economic gains, gains in environmental quality and equitable enhancement of human resources for the business and local community” (Popescu, 2008). So, these businesses seek enhanced environmental, economic, and social performance through collaboration in managing environmental and resource issues, including energy, water, and materials. Moreover, hot topics like industrial symbiosis, industrial parks and Eco-Industry Parks (EIP) have drawn extensive attention rapidly as the route to promote Circular Economy (Chertow, 2000), which operationalises the concept of sustainable development.
	EIP practices in developed countries, such as Denmark, USA, Germany, and Japan, have provided useful references for EIP development in China (Yu et al., 2015b). The State Environmental Protection Administration (SEPA) of China launched EIP pilot projects in Guangxi, Inner Mongolia, and Shandong provinces in 2001, and explored EIP planning and construction at the national level in 2003. In 2007, SEPA, the Ministry of Commerce, and the Ministry of Science and Technology jointly issued the Management Method for the National Demonstration EIP Program to facilitate the development of Chinese EIPs. Among these national demonstration of EIPs, the Tianjin Economic and Technology Development Area, the Suzhou Industrial Park, the Yantai Economic and Technology Development Area, and the Dalian Economic and Technology Development Area are popularly used as typical case studies for EIP construction in China (Yu et al., 2015). The research interest on China's EIP includes EIP management, material and energy integration, IS, planning methods, performance assessment, and low carbon development (Tian and Wei, 2012).
	The principle of reducing waste, reusing and recycling resources and products is often called the "3Rs". Dhaka (2010) argues that (i) reducing means choosing to use things with care to decrease the amount of waste generated; (ii) reusing involves the repeated use of items or parts of items, which still have potential for use; and, (iii) recycling means the use of waste itself as a resource. In addition, Ying & Zhou (2012) explains that (i) reduce means reducing the amount of substance in the process of production and consumption; (ii) reuse is involved in extending the time intensity of product and service; and, (iii) recycle focuses on the regeneration of renewable resources after use. The 3Rs is sometimes called the waste hierarchy (Dhaka, 2010), because it sets an approach to address waste in order of importance. The waste hierarchy classifies waste management strategies according to the desirability of each R. Waste minimization can be achieved in an efficient way by focusing primarily on the first of the 3Rs, "reduce," followed by "reuse" and then "recycle." The waste hierarchy has remained the cornerstone of most waste minimization strategies. The aim of the waste hierarchy is to extract the maximum practical benefits from products and to generate the minimum amount of waste (Global Environment Centre Foundation, 2006).
	A basic connotation behind the first R (reduce) is to limit the amount of energy consumption, the number of purchases or the amount of waste generated. The core meaning of the second R (reuse) involves the repeated employment of items, or of usable parts of them, as much as possible, before replacing them, and the third R (recycle) means ensuring the circular utilization of products and components, or transferring waste into resources and energy by the adoption of new technology and techniques. 
	There are some methods to achieve the goals of 3R and fulfil circular economy, in order to decrease the amount of natural resources used and, to cut down the amount of waste generated and disposed. This kind of measures can be efficient. Examples are as follows: changing the design of the product or the production process, extending the product life cycle by improving repair and maintenance technologies, or decreasing the volume of waste discharge. Reuse can be achieved by repeatedly using products with proper maintenance and storage. At the same time, Recycle can be fulfilled by appropriate share and also, by integrated industrial symbiosis. One product or parts of a manufactured component could be the resource or raw material of another one; this means to achieve recycle by exchanging physical materials, energy, water, and by-products among a serial of companies, as it happens, for instance, in the Kalunborg Eco-Industrial Park in Denmark, the first EIP in the world. The three keywords of 3R principle are correlated rather than separated. A simple illustration, in Figure 1, shows their circular and dynamic relationships.
	In addition to the basic 3R principle, there are some other keywords contributing to circular economy such as rethink, recover, rescue, or repair. Shen & Qi (2012) hold a view that 5R principle appears with the addition of "to rethink towards the maintenance of ecosystem" and "to repair the destructed ecosystem". Li et al. (2015) regard 5R spirit in the life-cycle of the production process, as “Recycling, Reducing, Reusing, Recovery of Energy, and Reclamation of Land”. Generally speaking, besides the 3R principle, the remaining two Rs in 5R refer to "recover" and "rethink". Recover refers to the practice of putting waste products to use. Rethink, which is the last R, is sometimes added to the front of the waste hierarchy, meaning that people should consider their options and think about their impact on the environment. For example, decomposing garbage produces methane gas (one of the greenhouse gases), which some landfill sites recover and burn for energy rather than letting it dissipate. Felicio & Amaral (2013) suggest that EIP have been seen as an opportunity for companies to reduce their waste, recover values and achieve economies of scale, in their production processes. Nevertheless, some researchers refer the fifth R as to rescue, and argue that the recycling-based technologies should be promoted and implemented in EIP (Li et al., 2015). Figure 2 is an illustration of 5R principle (reduce, reuse, recycle, recover and rethink). From an innovative perspective, rethink is not a parallel keyword with others, because rethink means not only being aware of the impact any human behaviour on the environment, anytime and anywhere, but also making sure to reconsider all other Rs. That is why the area of rethink in this figure is a little bit overlapped to each of other keywords. To be more specific, Reduce can imply decreasing any physical items and curtail inefficient production activities, as well as, high energy consumption; Reuse can imply utilizing products and sharing goods at their most; Recycle refers to material recycle, substance recycle, energy recycle, application recycle and data recycle, etc.; Recover alludes to the resilience that we will analyze in our innovative proposal. So, among the 5R principle, the most important is to rethink holistically in an all-around way.
	Circular Economy is essentially an ecological economy, which requires human economic activities in line with 3R and 5R principles. It is Circular Economy that further strengthens the consciousness of both resources conservation and environmental protection, thus promoting the implementation of the strategy of green supply chain management and the popularization of EIP. EIP design is based on the requirements of clean production, principles of circular economy and industrial ecology. It is composed of the enterprises inside the EIP, namely on the material and energy flows among the enterprises maintaining industrial symbiosis by means of shared resources and exchanged by-products. The goal of an EIP is to seek: (i) loop-closing circulation of material, (ii) multi-level energy utilization and (iii) waste minimization, by simulating the natural ecological system and establishing “producers-consumers-decomposers” circulation path in the industrial system (Li & Xiao, 2017). So, in this sense, 5R is still not enough. As is shown in Figure 3, the illustration of 7R principle proposal, two more Rs are introduced, i.e. Resilient and Regulate, respectively.
	Resilience is the ability of a system to respond to change. Indeed, comprehensively analysing the possible perturbation process is crucial for developing adaptive capacity from both the topological structure and ecological feature in an EIP. To track the resilience progress in an EIP, not only snapshot analysis, but also time trend need to be followed, in order to develop novel mechanisms to avoid disruptions, improve the resilience of EIP and safeguard (Li & Xiao, 2017). As it is shown in “Transforming our world: 2030 Agenda for sustainable development” (Zachariah et al., 2016), the 9th of 17 sustainable development goals, addresses the development of a resilient infrastructure, the promotion of inclusive and sustainable industrialization and fostering innovation. The literal meaning of “resilient” is returning to the original form or position after being bent, compressed, or stretched. So, in the context of circular economy, “resilient” means the internal capacity of recovering from the depletion situation of resources and energy. On the other hand, “Regulate” refers to the necessary management, adjustment, control or enforcement from the government side, among others. For example, the following might be enumerated: some laws and regulations from the state and local governments, some conventions and proposals from trade associations, some suggestions and supports from non-profit sectors and some supervision and urges from mass media.
	As it is shown in Figure 3, Regulate or Regulation is seating in the centre of the schematic diagram, and it causes an impact to all other Rs, because in our opinion, regulation is a pivotal driver to exert the efficiency of an EIP and circular economy, as well. Especially in developing countries, all other Rs can be a failure, if regulation is absent. EIP do work more efficiently under proper regulation and management from a holistic perspective. The proposed framework of 7R principle will be analyzed and demonstrated by the following case study on Suzhou Industrial Park, one of the most successful EIP, in China.
	3 Research methodology
	This paper follows a descriptive methodology. As regards the first research question (RQ 1), aiming at finding out if the EIPs still deserve a research interest and effort in China, secondary data from the data centres of EIPs administration departments in China, Ministry of Environmental Protection, Ministry of Commerce and Ministry of Science and Technology of People’s Republic of China were used. After being treated and refined in tables to facilitate the readers’ understanding about the initial EIPs interest and its current status quo, some lessons were learnt and suggestions for future sustainable development were made.
	The second research question (RQ 2), is aiming at promoting the upgrade of the 3R principle of the Circular Economy to enable an updated base to assess, develop and compare EIPs. Thus, a 7R conceptual framework is deducted from a literature review. Then, a descriptive case study will conceptually apply and test the deducted framework within the scope of the Suzhou Industrial Park (SIP). Thus, the performance of SIP in applying ideas and methods of circular economy is preliminarily appreciated. Secondary data from the official website of SIP (www.sipac.gov.cn) are used to check if the SIP practices follow the principles established by the 7R framework that is being proposed. The scope was delimited to a very few representative organizations in SIP, for the convenience of this preliminary qualitative analysis.
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	From 1984 to 1988, Chinese industrial parks were first built in the eastern coastal areas, such as Tianjin, Yantai, Shanghai, and Guangzhou. After several decades, the number of industrial parks was at least 1568 in 2011 (Yu et al., 2015b). In the same year, the gross domestic product (GDP) growth rate of industrial parks (30.3%) was significantly greater than that of the national average (9.2%) (Yu et al., 2015b). Thus, industrial parks became one of the major contributors to the economic growth in China. Despite early environmental pollution control actions and management measures (such as end-of-pipe pollution control approach and environmental impact assessment), they have been unable to ease the environmental pressure caused by the high economic development of industrial parks. Thus, some parks have paid severe resource and environmental costs (Yu et al., 2015). The Chinese government has adopted the EIP program in the hope of benefiting both the economy and the environment, in order to solve the contradiction between economic development and environmental pollution. At the national level, the issue of Circular Economy (CE) was officially considered in the government decision-making agenda in 2003, and CE development was brought into the National 11th Five Year Plan in 2005. A series of policies about CE pilot city and parks establishment were published to promote CE development (Yu et al., 2015).
	Kennedy & Johnson (2016) point out that The Draft Outline of China's 13th Five-Year Plan on National Economic and Social Development highlights that China should focus on improving environmental quality and solving prominent eco-environmental problems, devote greater efforts to eco-environmental protection, enhance the efficiency of resource utilization, provide more high-quality green products to consumers, and promote Chinese people’s well-being and prosperity in a beautiful China. The Draft Outline proposes: (i) to strengthen integrated environmental governance, to innovate in terms of concepts and methods of environmental governance, to carry out the most stringent environmental protection system, emphasize polluter's liability, to establish a co-governance system for government, enterprises and the public, and generally to improve environmental quality; (ii) to fully implement the action plans on pollution prevention and control, to mitigate against environmental risks, to strengthen the development of environmental infrastructure, and to reform the fundamental systems in environmental governance. The Draft Outline also proposes (i) to strengthen ecological protection and remediation, to give priority to the protection and restoration of nature, to facilitate the protection and remediation of natural ecosystems, to establish ecological corridors as well as biodiversity conservation networks, to comprehensively enhance the stability and the capacity of natural ecosystems to provide services, and to construct sound ecological security barriers; (ii) to comprehensively enhance ecosystem functions, to promote ecological remediation of key areas, to increase the supply of green products, and to preserve biodiversity. Finally, the Draft Outline proposes (i) to foster the green industry and the environmental protection industry, to support the development of service providers, to promote energy-saving and environment friendly products, to support innovation for technical equipment and services, to improve policies, to facilitate the development of the energy-saving and environmental protection industry; (ii) to increase the supply of environmental protection products and services, and to develop technical equipment for environmental protection, according to the Ministry of Environmental Protection of the People’s Republic of China (www.mep.gov.cn). 
	To sum up, the evolution of the EIPs in China can be divided into three stages: (i) stage one is about twenty years from 1980s to 2001; (ii) stage two is the period between 2001 to 2015; and, (iii) stage three, is from 2015 on (Table 1).
	In the first Stage, Chinese government started to set up a serial of Economic- technological Development Zones and high-tech industry development zones under the background of Reform and Open door policy from 1978, Reform of the Economic System from 1984 and the exploration of institutional innovation, market mechanisms, technology and economic growth during those twenty years. The goals of these activities can be broadly summarized as attracting foreign investment through industrial projects, improving export, and promoting manufacturing industry, hi-tech and high added value. All these development zones are the sound background of EIPs in China, even though most of them are not called with a name of Eco-Industrial Parks. Almost all development zones kept the original names after they were approved as demonstration EIPs.
	For the second stage, the symbol is the ambitious national demonstration of EIP programme initiated by Chinese government in 2001 and some trial EIP programmes, later on. People recognized the unsustainable limitation of natural resources and, also, the disruption of the ecosystem caused by industry development, so the goal of setting up EIPs is to explore and coin new economic development modes with keeping balance in economic growth, social development and environment protection.
	With the release of China's 13th Five-Year Plan on National Economic and Social Development, it comes to the third stage of EIPs, in China, with the expansion of resources consumption and the aggravation of environmental decay, coupled with increasing urbanization, rising population size in almost all big and medium sized cities in China. It seems hard to focus on accelerating economic development only by considering EIPs themselves and neglecting environmental concerns. In order to pursue sustainability and balanced development Chinese government had to combine industrial growth with city development, so the concepts such as new district and eco-city are put forward (third stage). A lot of EIPs are located in the new district of a city, for instance, the Huayuan Technology Park is located in Tianjin Binghai New District. Suzhou is called an eco-city, with the first and recognized most successful EIP of China, Suzhou Industrial Park and Suzhou High-tech Industrial Development Zone in Suzhou city. The policies of planning and designing new district and eco-city can impose a considerable impact on both the operation of EIP and the development of the city. As is shown in Table 1, the timeline of three stages, main characteristics of China’s industrial parks, backgrounds and goals are listed by and large.
	According to the official website of the Ministry of Environmental Protection of the People’s Republic of China (www.sepa.gov.cn), the latest published list of eco-industrial parks in China shows a total of 48 National demonstration EIPs approved since their start in 2001 (Table 2), and of 45 National EIPs that are still under assessment and improvement (Table 3). 
	Based on the secondary data shown in Tables 2 and 3, some analysis is conducted and depicted in Figure 4. In order to facilitate the analysis, both approved and under assessment national demonstration EIPs are equally treated. So, the total amount of EIPs is 93. As a matter of fact, most of the EIPs under assessment were approved four or five years ago, even far back to 2001, e.g. the Guigang Sugar Industry National Eco-Industrial Park. From these two figures, it is obvious that : (i) only in Jiangsu province, there are 30 EIPs, which are almost one third of the total; (ii) most EIPs are located in the East of China; (iii) the total of Jiangsu, Shandong, Shanghai and Zhejiang together is 58, which accounts for 62.4%; (iv) by calculating all coastal provinces and cities of Eastern China, Tianjin, Shandong, Jiangsu, Shanghai, Zhejiang, Fujian, Guangdong respectively, the total amount reaches 68, which represents a proportion of 73.1%. This means the EIPs are highly concentrated in Eastern China. Among the four municipalities directly under the Central Government, i.e. Beijing, Shanghai, Tianjin, and Chongqing, there is no EIP in Chongqing so far, and only one EIP in Beijing. At the same time, there still are some other provinces without EIPs such as Heilongjiang, Henan, Ningxia, Qinghai, Tibet and Hainan. This means a very unbalanced situation; on the whole there are very few Eco-Industrial Parks in the Central and Western areas of China.
	The Suzhou Industrial Park (SIP) was established in 1994 and is a flagship of the economic cooperation project between Chinese and Singapore governments. It is located in the Eastern part of Suzhou, a city known as "the paradise on earth". Suzhou is also a traffic hub, about only 200 km of Nanjing, and around 100 km of Shanghai. It takes only 20 minutes to arrive in Shanghai and 45 minutes to Nanjing by high-speed train. With an advantageous transportation network, it appeals to more and more big enterprises and global talents. SIP covers a total jurisdiction area of 288 km2, among which, 80 km2 area belongs to China-Singapore Cooperative Zone. SIP is recognized as a pilot zone of reform and opening-up, a successful model of international cooperation, and one of China's fastest-growing development zones with the most international competitive edges. In SIP, the total number of permanent residents reached over 700,000 in 2012, including registered and non-registered population. Currently, approximately 25% of the land is industrial, and 30% is residential and commercial. The remainder is green space and water (Yu et al., 2015b). Nowadays, the development goals of SIP are to develop into a hi-tech industrial park with international competitiveness and, into an innovation eco-township of internationalized, modernized, information-based happy district of Suzhou (www.sipac.gov.cn).
	Concerning the performance in environment protection, SIP obtained the label of ISO 14000 National Demonstration Zone, in 2001. As the national EIP program was launched, SIP was approved as a pilot in 2004 and started to implement EIP planning in accordance with the national EIP development guideline. In 2008, SIP passed the evaluation and obtained the label as one of the first three National Demonstration EIPs. Currently, the energy consumption per GDP is 61% lower than the national level. The discharge amount of Chemical Oxygen Demand (COD) and SO2 are only one-eighteenth and one-fortieth of the national average, respectively. SIP is among the first national Integrated Resource Planning (IRP) demonstration parks, among the country's first demonstration eco-industrial parks, and among the first new-type industrial demonstration bases in China (www.sipac.gov.cn).
	With respect to annual economic growth in SIP, 30% annual average growth occurs in key economic indicators, ranking second among national development zones in comprehensive development indexes. It accomplished four "Hundreds of Billions" of achievements, as follows: RMB 133 billion of GDP, RMB 165 billion of accumulated taxes, USD 18.9 billion of accumulated utilized foreign capital and RMB 197.2 billion of accumulated registered domestic capital. Besides that, there also are remarkable achievements in economic transformation and upgrading, as follows: RMB 147.2 billion of output value from new emerging industries, in 2010, accounting for 45.4% of scale industries ranking the first in Suzhou and, ranking the first, for years, in using foreign capital, among China's development zones (www.sipac.gov.cn).
	As far as sustainable development is concerned, SIP achieved many awards. For example, it was recognized as China's only new-tech innovation & industrialization base, as China's only demonstration base of service trade innovation, as China's only national demonstration area of business tourism, no.1 among most competitive development zones, as China's first service outsourcing demonstration base and, as China's first experimental area on preferential policies for technologically advanced service enterprises (www.sipac.gov.cn).
	When observing SIP, there is a large amount of exemplary enterprises, which conduct very good practices, in environmental protection and sustainable development, corresponding to each component of 7R principle, namely reduce, reuse, recycle, rethink, recover, resilient and regulate. Here we provide some supportive examples, analysis and beneficial implications, as follows.
	Reduce: In SIP, it is obvious that there is a great amount of reduction on energy consumption. According to the official website of SIP, currently, the energy consumption per GDP is 61% lower than the national level. SIP learns from the experience of Singapore and adopts high standards in promoting energy-saving circular economy. In 2012, SIP recorded 0.28 ton of standard coal for producing 10,000-yuan GDP, with 0.149 kg COD, releasing 0.07, 0.008, and 0.151 kg of sulfur dioxide, ammonia, and nitrogen oxides, respectively. These are above national averages and made SIP the leader among national development zones, for four consecutive years, in the main indicators of environmental protection, energy conservation, and emission reduction (www.sipac.gov.cn).
	Reuse: The SIP management has organized some representatives to learn from companies with outstanding performance in practicing Corporate Social Responsibility (CSR). For example, Fuji Xerox Eco-Manufacturing (Suzhou) shared with the participants the company's experience in recycling and reusing resources. From its establishment in January 2008, the company has been recycling the waste, copying machines, printers, and consumables as printing drums and powders from Chinese mainland, to make full use of resources and reduce their impacts on environment. The company, therefore, won the honorary title of SIP CSR Company 2013 (in the category of "Environment Responsibility") and was named "Model Company of Circular Economy" by Suzhou Economic and Information Technology Commission in 2014 (www.sipac.gov.cn).
	Recycle: Green production has been part of corporate culture among most manufactures, in SIP. Nitto Denko (Suzhou), which is a member of Suzhou Industrial Park, since its founding in 2001, launched a clean production program, investing in energy-saving and emission-cutting projects. Their aim was bringing down energy consumption and waste water discharge. The company renovated the entire AC system and, as a result, saves 2.35 million kw annual use of electricity power and 8,000 tons of steam, which equals to 1,716.1 tons of standard coal. In order to save the water resource, the company recycles steam condensate and reclaimed water. Every year, the steam reused amounts to 420 tons (47 tons of standard coal) and the water recycled totaled 27,000 cubic meters (2.3 tons of standard coal) (www.sipac.gov.cn).
	Recover: In order to optimize the regional environmental to build a beautiful SIP, for years, SIP has kept investing in environment-related infrastructure to improve the monitoring system and to use energies to their full potential. With 100% coverage of sewage pipe network, it manages to achieve Grade-1, a standard for all the waste water discharged. Moreover, the waste water treatment plant, the sludge drying plant, the thermal power plant, and the heating & cooling center create an integrated system maximizing the use of public amenities, resources, and energies as well as minimizing the discharge of pollutants. The efforts include the protection of the Yangcheng Lake, the source of potable water, 45.8% coverage of green grounds, surveys on biological diversity and ecological environment with 131 bird species being confirmed around the year, the river dredging projects, and the restocking of aquatic organisms in Jinji Lake (www.sipac.gov.cn).
	Rethink: Taking Nitto Denko (Suzhou) as an example, the company introduced a lot of programs to stimulating rethink, among which "Green Design Action", which encourages employees to build up the belief that environment protection should become a part of its corporate culture. With the "Light Down" program, the employees are required to turn off their computers during lunch break. The company also regulates the AC (air-condition) temperature and arranges people to be in charge of lights and AC. The workshops should follow the plans and turn off the production equipment not in use. The company also participates in the "MOTTAINAI Campaign", a program aiming to promote environment awareness and to cultivate sense of responsibility among employees. The survey shows that the average awareness increased from 73.1% to 80.2%, which is transformed into a reduction of 11,557 kg of carbon dioxide emission (www.sipac.gov.cn).
	Resilient: The Administrative Committee of the Suzhou Industrial Park has been calling on companies to work together to build SIP into a model of ecological civilization through Learning and Innovation. The committee often organizes all kind of forums. For example, there is a forum, which is part of the agenda for China International Green Innovative Products & Technologies Show (CIGIPTS). Enterprises are encouraged to contribute in building ecological industrial parks through international cooperation, and to demonstrate their achievements in exploring a new path of industrialization through technological innovation and low-carbon environment-friendly circular economy.
	Regulate: Chinese Governments (both central and local) play an essential role in improving the performance of EIPs, especially when it comes to the integration and balanced development of industrialization and urbanization. In order to secure economic sustainability and optimize industrial structure to promote sustainable low-carbon economy, SIP authorities have vetoed down more than 400 projects totaling approximately 3-billion-dollar investment, which posed potential high hazards to surrounding environment. SIP government carried out energy auditing on 74 companies and set a record of 310 million RMB Yuan from local enterprises invested in technological renovation projects, cutting down energy consumption by 100,000 tons of standard coal. The enterprises are also encouraged to reuse water and wasted heat, to conform to standards on clean production, to invest in upgrading and renovating technologies and equipments, and to make a constant goal to reduce pollutant discharges. Meanwhile, SIP Eco-Science Hub and Suzhou Environmental Protection Sci-tech Industrial Park have contracted over 100 energy conservation and environmental protection companies, including Sujing and Great, with total output of 30 billion Yuan. SIP has three air monitoring stations and other two under construction, as well as three stations monitoring water quality and one under construction, which make possible to achieve real-time online monitoring and the releasing of PM2.5, PM1, and ozone, among 135 other atmospheric factors. 62 companies, including all key companies in the area, have installed 72 sets of automatic devices in total for online monitoring of pollution sources (www.sipac.gov.cn).
	5 Expected results and contributions – setting the scene for the future
	In this section the research questions are going to be revisited and the report will be closed on them.
	RQ 2: Does the upgrade of the 3R principle of the Circular Economy to the 7R Framework enable an updated base to assess, develop and compare EIPs?
	Holistic balance and sustainable development are getting more and more critical, in order to maintain the three bottom-line pillars, namely economic, social and environmental. When retrospecting the evolvement of these principles from 3R (reduce, reuse and recycle) to 5R (reduce, reuse, recycle, recover and rethink) and then, to the innovative conceptual framework of 7R principle (reduce, reuse, recycle, recover, rethink, resilient and regulate), it is safe to conclude that the 7R principle is essentially pivotal to practice circular economy and sustainable development. That is to say, all participants including enterprises in the supply chain, governments from different levels, local trade associations and consumers can get involved and shoulder responsibility by applying the 7R principle. Both Corporate Social Responsibility, Consumer Social Responsibility and Citizen Social Responsibility ‒ coined in this paper as 3CSR ‒ should be attached to pursuing economic growth, social progress, and environmental sustainability, as well. As a matter of fact, individuals can vastly contribute to protect the Earth by consistently practising 7R in many aspects and in a variety of ways.
	To sum up, this preliminary confirmatory study tries to be inspiring to current research in the area of circular economy. In fact, the conceptual 7R principle proposal can be an adventurous attempt for pursuing theoretical efforts in the nR domain (e.g. 3R and 5R). For researchers, this is also a nice attempt to stimulate more systematic and systemic thinking. Finally, for practice, Suzhou Industrial Park is just an exemplary model to set a relevant benchmark among hundreds of EIP all over the world. Moreover, it will be significantly desirable if there is an increasingly number of industrial parks to introduce the 7R principle as an assessment framework.
	RQ 1: Do EIPs still deserve a research interest and effort in China?
	Chinese government had recently to combine industrial growth with city development, in order to pursue sustainability and balanced development, so the concepts such as new district and eco-city have been put forward, lately. Thus, the policies of planning and designing a new district and an eco-city can impose a considerable impact on both the operation of EIP and the development of the city. Although the performance of EIPs in China is highly recognized, there are still some obvious shortcomings, namely: (i) the failures regarding employee participation, (ii) the support from ordinary citizens, and (iii) the deficiency of overall planning from the different levels of government.
	In addition, EIPs are highly concentrated in Eastern China. For example, the total amount of EIPs in Jiangsu, Shandong, Shanghai and Zhejiang is 58, which accounts for 62.4%. At the same time, there still are some other provinces without EIPs, such as Heilongjiang, Henan, Ningxia, Qinghai, Tibet and Hainan. This means a very unbalanced situation, as follows: on the whole there are very few Eco-Industrial Parks in the central and western areas of China.
	As a consequence, there still is room for development, as regards EIP improvement and spread. Nevertheless, EIP performances also result from government policy guidance and advertising. Therefore, Chinese Governments (both central and local) play an essential role in improving EIPs’ development, especially when it comes to the integration and balanced development of industrialization and urbanization. Thus, a new concept of EIP linked with the concept of eco-city is emerging, which reinforces the interest on EIPs. 
	On the other hand, the requirements to learn from other mature circular economy modes from developed countries (i), to enact more feasible laws and legislation (ii), to enhance the advertising of some concepts related to circular economy and sustainable development (iii), to encourage more engagement from all kinds of enterprises and companies (iv), to arouse vast environmental and circular economy awareness from urban citizens (v), to introduce more advanced technology & methods (vi) and, to conduct more scientific urban planning and construction (vii) call for an extended conceptual framework, i.e. the 7R model. This will enable the positioning of the problematic in a more systematic, systemic and organised way, in order to describe, analyse, assess, benchmark and discuss it to find out paths of future development.
	Indeed, future research on the theme of EIP and in-depth theoretical exploration is worthy of much more effort by following the novel approach reported on this paper ‒ i.e. the 7R framework ‒ which informs organisations, society and state owned institutions to best configure circular supply chain networks to achieve viability under the umbrella of the 'triple bottom line' of sustainability. Therefore, despite some obvious limitations during this study are identified, such as the lack of primary data and the need for a more detailed and structured field study, the scene for future developments concerning circular economy was set in a significant way.
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	Abstract
	In this study, in relation to the supply chain network between seafood manufacturing companies and seafood service industry, future archetypes of the network are explored hough a project that focuses on rebuilding the small and medium-sized seafood manufacturing companies after the 2015 Great East Japan earthquake. As the result, most seafood-manufacturing companies will do historical business by supplying only a specific type of processed seafood product to a seafood service company in the network. For example, the company would only provide final products to FMCG companies. Eventually, in order to compete with other companies within the same area, these companies will be challenge to develop and manufacture various products by combining fish varieties and processing methods. However, their production would enable them to develop their own market in the wide supply network. The proposed model of seafood supply chain will help these companies to consider the new market development strategy.
	Keywords: Seafood Supply Chain, SMEs, Resilience
	1 Introduction
	This study aims to the re-construction from Great East Japan earthquake (Higashi Nihon Daishinsai) in Tohoku, the north region of Japan, on 11 March 2015. Main industry of this region has been seafood manufacturing industry that has been owned by many small-and medium sized enterprises (SMEs). The type of the industry naturally belongs to food industry which products the third largest of value of manufactured goods shipments from Census of Manufacture in 2014 by Ministry of Economy, Trade and Industry in Japan (METI, 2015). Owing to the earthquake, most factories along seaside were destructed and the business related to the industry was suspended. Japanese government and private giant companies accepted huge budget and newest knowledge to restore the region as quickly as possible. However the economic conditions of the region at the present is lower than that after the earthquake. Turing your eyes to competitors in other regions in Japan, they have low and rigid mobility to innovate their business because it is all they can do to keep the exciting business by the limited management resources.
	Based on the recognition of the aforementioned golden opportunity, this paper aims to explore seafood supply chain with the concept level to consider next business strategy of the region. Specifically, the network between a seafood manufacturing company and its customers is focused on understanding the exciting business style of the seafood manufacturing company and grasping the possibility of cultivating routes to new customers. This study tries to draw the network structure between one seafood manufacturing company and its candidate customers because a clarification of the relation among participants firstly needs to retrieve investment points for business expansion. The description is performed based on an observation and an interview of several seafood processing companies in the rebuilding project after the earthquake for three years. The authors of the present study have gradually understood these companies’ business structure through investigation and a trial-and-error method. This study presents the results.
	2 Background
	Seafood have recently become important materials to meet diversified customer needs resulting from the food crisis caused by population explosion and the requirement of seafood which is essentially healthy (i.e. low calorie count and nutrient intakes) and which provides convenient meals for a two-income family, a child-rearing family, and aging society in advanced counties. To match the resultant explosive demand, the globalization of the seafood supply chain has increasingly progressed with technological innovation. For example, the cold chain has expanded to maintain the freshness of materials through improvement of freezing technologies for transport worldwide (Salin, 2013). A traceability system has been developed to obtain the trust of customers by informing them of the safety of materials by a physical sensor system and information technologies (Farooq, 2016).
	In the Japanese context, to aim for the creation of a tourism nation and for the next summer Olympic Games in 2020, an enrichment of the food supply chain is required. Actually, the productivity of food industry is lower than the other major industries in Japan such as transportation equipment industry and chemical and allied products industry. The Japanese dietary culture called ‘Washoku’, registered as a 2013 Intangible Cultural Heritage by United Nations Educational, Scientific and Cultural Organization (UNESCO), must also be a powerful weapon for executing the strategy. Furthermore, the occurrence of climate change including global warming and abnormal weather and over-fishing by neighbouring countries causes a decrease of marine resources in the Pacific Ocean. 
	Many studies related to the seafood supply chain have presented new perspectives, including open innovation of seafood value chain (Silva, 2013), an international distribution system (Abrahamsen 2007; 2011), firm structure (Brydon, 2011), quality assurance with labelled seafood products (Jaffry, 2004), a sustainable system (Alden, 2011), marketing and economic innovation (Wessells, 1992; Quagrainie, 2006; Seung, 2006), seafood supply chain management (Roheim, 2008), and an inventory system (Murata, 2015). However, there are not enough studies related to innovation of the supply chain model which give an overall perspective to change the present business structure under the rebuilding condition like the case that is picked up in the study.
	3 Seafood Supply Chain Model
	3.1 Production system of seafood manufacturing
	3.2 Types of seafood service companies
	3.3 Network between a seafood manufacturing company and seafood service industry

	Figure 1 indicates general seafood supply chain model which consists of four players: fisher & aquaculture, seafood manufacturing industry, seafood service industry including restaurant and retail businesses, and customers. This paper focuses on the two middle players in the model.
	The factory within a seafood manufacturing company has the main processes to manufacture products which have not changed from ages past, as shown in the left of Figure 1: stocking, cleaning, processing, and seasoning. The processes exist mainly to add value to fresh fish. Many techniques and skills are included to make the materials taste even better. The detailed explanation of each type is as follows:
	Stocking: This process is considered a preparation part for processed seafood production involving obtaining the materials. The quality level of the materials depends on size, weight, appearance, freshness, variety, and so forth. Over-fishing and climate change seriously affect a haul of fish. A fishing quota by multiple nations and enclosed aquaculture with the newest biotechnologies are countermeasures for sustainable marine resources. The process possesses the functions to frozen materials and deliver them to maintain their freshness while restraining freezer burn if possible and to maintain a sufficient inventory.
	Cleaning: The complicated body of fish and seafood causes a decline in the productivity of seafood processing. It is basic and important to protect customers’ safety from dangerous parts which they cannot eat (i.e. hard fish, thick bone, and the internal organs of a fish including poisonous substances). The variety of processes includes carving, boning, scaling, and filleting. Accurate fileting of large fish like salmon requires immense skill with yield rate and waste disposal
	Processing: This process is the main portion of seafood processing. Representative methods of the process are grilling, reducing, frying, steaming, and drying. The selection of each method relates to a core business of a seafood processing company with a large investment in production facilities. The design of the process profile of production by the selected method is a company secret relating to the organoleptic feel of processed seafood because many co companies adopt the common categories of methods noted above
	Seasoning: This process is the portion that adds tastiness and flavour-value to a processed item. In Japan, there are five traditional popular seasonings, such as sugar (Sato), salt (Shio), vinegar (Su), soy sauce (Shoyu), and soybean paste (Miso). They characterize the taste of Japanese seafood called ‘Washoku’, which was registered as a 2013 Intangible Cultural Heritage by UNESCO. Chemical seasoning widens the possibility of new ways to enjoy processed seafood.
	Customer candidates for seafood manufacturing companies are rich in variety. The main candidates are three types of seafood service companies: other food processing companies, food service companies, and fast-moving consumer goods (FMCG) companies in Figure 1. The explanations of each type are as follows:
	Other food processing companies: These customers use the product supplied from seafood manufacturing companies as one material of their final products. For example, raw materials are supplied from a company which manages a large-capacity frozen warehouse to store them cheaply and in huge quantities. Cleaned materials (i.e. seafood paste and fish cut into small cubes) also have high value for customers who do not have technical know-how.
	Food service companies: These customers are food service companies including restaurant businesses; home-delivery services; services for the provision of meals by a school, hospital, or welfare facilities. They basically have a kitchen which has the capacity for making and serving meals with materials supplied from seafood processing companies to their customers. Moreover, if their business model is a franchise chain, they construct a supply network with a central factory which executes the middle processing of materials for speedy and effective servicing of meals at all their shops.
	FMCG companies: These customers are types of FMCG companies (e.g. a convenience store, supermarket, shopping mall, or department store). They mainly offer two services. One is the direct sale of goods supplied from seafood processing companies. The other is the sale of a daily dish including simple processed/cooked materials. Their customers are end users who live near these small shops. FMCG companies obtain large sales accumulated across their many branches, but the number of end users is limited for one store.
	The relationship between a seafood manufacturing company and seafood service industry is a complex network in Figure 1. The reason is for the notable characteristic of the system that is a multi-branch production system with the potential to supply semi-processed products as final products to customers. Owing to the capability of the industry, candidate customers are rich in variety, as shown in the right side of the figure. While centring on seafood manufacturing companies, they should consider all combinations between four processes of seafood processing and three types of seafood service companies. In particular, the following four paths are useful for seafood manufacturing companies to realize their service while reducing initial workloads.
	A path from stocking to processing (STP): In this path, seafood manufacturing companies supply frozen/defrosted materials to other food processing companies. The added-value is a supply system of materials sufficient both in quality and quantity. Seafood manufacturing companies must improve the refrigeration capacities of inventory and transportation. Owing to these functions, other food processing companies outsource procurement operations.
	A path from cleaning to service (CTS): In this path, seafood manufacturing companies supply frozen materials to seafood service companies. The added-value is a system to clean masses of fish and seafood. The seafood manufacturing company must improve its capability through training of skills related to the operation and its automation. Owing to this function, food service companies will concentrate on creative cooking and close servicing, which are considered to be their core functions.
	A path of processing to service (PTS): In this path, seafood manufacturing companies supply processed materials to seafood service companies. The added-value is a mass production system of processed seafood. Seafood manufacturing companies should improve the main process in their business. Owing to this function, food service companies will provide effective and uniform services to their customers with simple cooking.
	A path of seasoning to retail (STR): In this path, seafood manufacturing companies supply seasoned materials to FMCG companies. The added-value is a mass supply system of processed seafood. Seafood manufacturing companies should improve the main processes in their business. Owing to this function, retail companies can sell various moderately priced and tasty items to end users every day.
	4 Case Study
	4.1 Framework
	4.2 Case outline
	4.3 Discussion

	Figure 2 indicates the framework to analyze a case that consists of five perspectives: seafood manufacturing, a customer, a value (products), a supply chain, and barriers to entry. The cases described in the following sub-section are analyzed with these perspectives. The detailed explanation of each perspective is as follows:
	Seafood manufacturing: The analysis from the perspective is performed by the characteristics of seafood manufacturing process described in the section 3.1.
	Customer: Eating is the final process to synthetically evaluate the quality of products and supply chain by consumers. In the perspective, not only the taste of processed seafood, but also a dishing, including a selected plate and a side dish, influences the total impression. The family styles of advanced countries, such as a two-income family, a child-rearing family, and the aging society, also require the convenience of a microwave oven and reheat pouches.
	Value: The function of new product development (NPD) on seafood manufacturing can be considered as the process that materials is added to new value by various production methods. In addition, marketing function is also important to draw the customers' attention to the developed seafood products. Figure 3 shows the points to carefully think in the both functions, which are found from the observations and interviews to the case companies. The all points are not always thought in all opportunities by the case companies. Even if all points are also thought enough, new products is not always success. They have made an effort to search the pinpoint elements to boost sales though communicating with the buyers who belongs to services companies.
	Supply Chain: In the present age, the division of the five processes, fishing, cleaning, processing, seasoning and eating, between fisheries and consumers depends on consumers’ requirements. It indicates the following five models proposed in Figure 4. Consumers do not need support from fisheries in Model 0, which constitutes a hobby. In the case of Model 1, the fishing industry will exist in a market near a fishing port with consumers. In the three models consisting of two processes and more by fisheries (i.e. Models 2 to 4), the division of roles occurs among three industries: fishery & aquaculture, seafood manufacturing industry, and seafood service industry. 
	The division is considered based on the two following assumptions: 1) Fishery & aquaculture is necessarily in charge of the fishing process. 2) The orders of the three industries do not become reversed. Nineteen sub-models of the three models are summarized in Table 1. Models 2, 3, and 4 contain 3, 6, and 10 sub-models. Processed seafood is sold directly to consumers or through a mail-order system and internet service when the sub-model consists of the fishery and aquaculture and the seafood service. The seafood manufacturing asks the seafood service to sell their products in addition to the above-mentioned selling methods when these two entities exist in the sub-model. This table shows that the seafood manufacturing can choose, in theory, appropriate sub-models from the alternatives. The flexibility seems to suggest the possibility of expanding the business of each seafood manufacturing company. In the case study, the models of each case will be identified and discussed by the perspective.
	Barriers to entry: The perspective is about the barriers to entry new business strategy. Huge money and many talented persons are inputted to support the re-construction project of the region where the case companies are located. These investments deliver a possibility to cultivate new customers who cannot meet before the earthquake. The invested facilities/equipment should be deliberated, in order to effectively establish new relationship with suppliers and customers. In the case study, the new invested barriers to entry of each case are identified by the perspective.
	The study picks up three cases in Figure 5. Case 1 is the exciting case before the earthquake. It is the STR path that is one main path of the region in the network between seafood manufacturing companies and seafood service industry until now and in the future. Case 2 and 3 are the cases to overcome the mentioned-below problems that case 1 have possessed. Case 2 is the path to directly connect to end users without going via seafood service companies. Case 3 is the STP path that stocking process is only passed described in the section 3.
	The summary of three case studies shows Table 2. Most seafood manufacturing companies located in the region do business along one path of the network model described in the proposed network in Figure 1. They consider the path as the only path for their business. Then they operate on a small scale and sell processed seafood to identified customers according to their requirements. However, they should understand two characteristics of their industry. Then they must overcome difficulties and reinvent themselves to obtain new markets and customers worldwide through business innovation for the future. One is the flexibility of their production system. It is possible to supply products from any process in their production system. In the case 1, the current path in the network model is STR and semi-products of the path have the possibility to become fully final products for the other paths (e.x. CTS, and PTS) without large facility investment. The other is that they have many candidate customers. If the current path of the network model is CTS, the same product could be supplied by CTR. The development of a new path is naturally difficult, even if the potential of the path is recognized. However, it will be a valuable trial to expand business in the future.
	On the other hand, STP, the path of case 1, has two structural problems that cannot have been resolved. One is the severe control of market price and item planning by giant service companies. The other is the disposal of huge nonstandard materials. The paths of Case 2 and 3 are the countermeasures to overcome the first and second problems respectively. Case 2 aims to high-added valued business though the shift to directly connect customer. Seafood manufacturing companies usually do not directly access end users except in face-to-face sales like at a regional festival and special sales once a year. They contact end users to sell their products through a mail-order system with mass-communication and a system of online electronic commerce. This opportunity will also increase in the era of the internet. Then the new product development of seafood manufacturing companies will be more creative because they can decide freely pricing and planning of item by themselves. The strategy also have the backing of wealthy families seeking the convenience of not only cooking but also buying when entering the aging society in an advanced countries. Case 3 aims to long-tail business. It may be considered at a glance that the seafood manufacturing company that choose the path don’t do the work to add a value to materials. In the case, core barriers to entry are realized by huge investments to the following functions: an effective and clear sorting function of large materials on size and quality etc., the function of agile and huge freezing mass raw fishes, and the function of the transport system of mass refrigerated fishes. Through the investment of new refrigerators to strength these functions, the massive quantity of small-size fishes that was not effectively used before the earthquake is started to send to overseas fish-burger factory by the regional cooperative association including the case companies.
	5 Concluding Remarks
	This study explores the supply chain network between seafood manufacturing companies and seafood service industry to consider future archetypes of the network though a project that focuses on rebuilding the small and medium-sized seafood-manufacturing companies after the 2015 Great East Japan earthquake. In order to compete with other seafood manufacturing companies within the same path in the network, these companies have to be challenge to develop and manufacture various products by combining fish varieties and processing methods. However, their production would enable them to develop their own market in the wide supply in the network. The proposed model of seafood supply chain will help these companies to consider the new market development strategy. Especially, aiming to the escaping the control of market price and item planning by giant service companies and the effective using massive non-standard materials that were disposed before, this paper discusses the two cases after the earthquake that the regional seafood-manufacturing companies tackle with under the respected supports by huge investments.
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	Abstract
	The role of digitalisation in open innovation activities is increasingly attracting organisations. Digital platforms seem to enable multiple partners to co-create better services and customer outcomes, i.e., service innovations. However, it seems that organisations are facing challenges in adopting digital open innovation activities. This research aims to better understand the use of digital open innovation and co-creation activities. In this research, altogether 47 semi-structured interviews were accomplished in 8 service organisations. Early results of this research indicate that the organisations are aiming to increase digital open innovation and co-creation activities, and there seems to be certain enablers such as the need to effectively develop new services and barriers such as inadequate operating models. The final objective of this research project is to build a gamified roadmap that would support organisations in transforming their innovation models toward digital open innovation platforms enabling co-creation.
	Keywords: Digital platforms, Digitalisation, Open Innovation, Co-creation, Service Innovation
	1 Introduction
	Digitalisation can be compared to an industrial revolution when looking at changes in organisations’ and people’s daily lives (Kenney et al., 2015). Digital technologies are expected to introduce disruptions in even the most traditional analogue markets (Soule et al., 2014). Moreover, digital technologies seem to have already changed organizations’ innovation policy, and the role of digitalisation in open innovation activities is increasingly attracting organisations. Nevertheless, digitalisation seems to be quite unclear for organisations, and major players still find it difficult to draw up their digitalisation strategies (Rodrigues et al., 2011). Moreover, it seems that there is very little literature on digital open innovation among more traditional fields of business.
	New disruptive technologies are changing the manner in which knowledge is managed within organisations, calling for a new and inventive knowledge management system and an open approach to foster knowledge flows (Santoro et al., 2017). Connecting technology with a user-centric perspective of open innovation allows unique opportunities for co-creation (Kohler et al., 2009). The interaction in digital environments has created a gigantic stream of behavioural data that provide novel research opportunities to move beyond traditional innovation activities (Brunswicker et al., 2015). Parmentier and Mangematin (2014) state that digital industries exemplify innovation processes where users bring new ideas and innovate directly with organisations. Individuals can use open, voluntary technology-enabled collectives to share data and knowledge and to co-create novel solutions for organisations (Brunswicker et al., 2015). There is a general feeling that communication and collaboration using technology can boost the innovation process with positive impacts on business indicators.
	Digitalisation seems to enable open innovation platforms to co-create service innovations. Stakeholders are empowered with technology to co-create anytime and anywhere. Digitalisation opens possibilities for stakeholders to accomplish their aims together where individuals or organisations could not do it alone (Preece and Shneiderman, 2009). The advances in digital technologies are considered to form a megatrend with global impacts through international interconnectivity and the capability for real-time information sharing (Lee et al., 2012). For instance, social media enables constant hearing of users’ voices instead of traditional customer satisfaction surveys and focus groups activities (Westerman et al., 2014; Buhalis and Law, 2008).
	Furthermore, user participation with several stakeholders in the global context might be a challenge, but digital open innovation platforms can offer promising solutions (Friedrich, 2013). According to Mahr and Lievens (2012), virtual communities tend to propose solution-focused contributions, which provide greater value for organisations than more problem-focused traditional innovation activities. Moreover, digital platforms differ in terms of user purpose, but they have some common characteristics: for example, mass participation that allows greater intellectual capabilities and more ideas (Mačiulienė and Skaržauskienė, 2016), especially among external stakeholders (Hienerth, 2011). This allows organisations to advance new opportunities by harnessing users’ innovation capabilities by integrating them into a service innovation process (Hienerth, 2011). However, digital open innovation and co-creation activities are not often used because when digital technology services are offered by external companies, organisations might not find them reliable enough (Mačiulienė and Skaržauskienė, 2016). Moreover, organisations face the challenge that there is often not enough time to evaluate the reliability of a technology (Chesbrough, 2006). Apart from this knowledge, there seems to be very little information on other barriers related to digital open innovation and co-creation.
	Based on the literature, it seems that an increasing body of literature exists around digitalisation, open innovation and co-creation. However, there seems to be a very little empirical research on digital open innovation and co-creation. Thus, this research aims to better understand the use of digital open innovation and co-creation activities. Furthermore, it aims to better understand enablers and barriers of digital open innovation and co-creation. As this research is exploratory, using an abductive approach, this paper first only briefly discusses digitalisation, open innovation and co-creation to demonstrate the definitions of these phenomena, i.e., to demonstrate how digitalisation, open innovation and co-creation are understood in this research. Secondly, the abductive approach and methods used in this research are introduced. Thirdly, the findings of this research are introduced. Finally, conclusions, limitations, and future research are presented.
	2 Digitalisation
	As noted in the introduction, digital technologies seem to create new possibilities for open innovation and co-creation activities. Moreover, digitalisation has some distinct characteristics that have fundamental implications for open innovation (Nylen, 2015).
	There seems to be no uniform definition for the concept of digitalisation, and in research articles digitalisation is often bound to a certain field of business or to an individual process (Ligthart et al., 2016). Definitions range from digitalisation as a global megatrend (Lee et al., 2012, 818-819) to the much narrower “digital representation of signals, information, and objects in binary code” (Stein, 2015, 2). Ilmarinen and Koskela (2012) note that instead of defining the concept of digitalisation itself, it is often described through examples.
	The research literature also use the terms “digitalisation” and “digitisation” interchangeably and give both a number of definitions. Lipiäinen (2014, 20) defines the term “digitisation” as a social phenomenon in which everyday communication channels are pivoting from traditional forms towards their digital counterparts. While Lipiäinen (2014) refers to digitisation in the context of communications, the focus of the definition is on the social phenomena, not on the technical process of transforming information to a binary form. Tilson et al. (2010, 749) take a contradicting stance in stating that digitisation refers to a technical process, whereas digitalisation would be the proper term to use when the context is more of a social nature.
	Definitions of both digitisation and digitalisation feature the same key component of transition from analogue to digital. Digitisation, defined as the conversion from analogue to digital, is identified as a key driver for enhancing digitalisation (Ilmarinen and Koskela, 2015, 21). Aside from a transformation from analogue to digital, the definition of the term appears to be highly contextual. Gartner’s IT glossary (2016) defines digitalisation on a broad level and adopts a business transformation viewpoint: “Digitalisation is the use of digital technologies to change a business model and provide new revenue and value-producing opportunities; it is the process of moving to a digital business”. While research in digitalisation is available in vast quantities, the numerous ways digitalisation is defined and interchanged with the term digitisation sets requirements to understand in which context the term is presented in research articles.
	To conclude, this paper looks at digitalisation from an open innovation and co-creation point of view, seeing it as a transformation from analogue (i.e. face-to-face communication) to digital communication through digital platforms and a social phenomenon that can involve a large number of stakeholders
	3 Open Innovation and co-creation
	It seems that open innovation and co-creation have some overlapping characteristics. According to Chesbrough (2003), open innovation can be defined as the intentional use of inputs and outputs of knowledge to accelerate internal innovation and expand market possibilities for the use of these innovations. Open innovation is based on utilizing both external and internal ideas and open channels for accessing and employing knowledge and solutions. Marilungo et al. (2016) states that open innovation refers to a process in which external partners are involved in the development process. This means that an organisation’s external stakeholders are well-recognised as a valuable source for innovation (Von Hippel, 2001). It should be noted that there are many intelligent people outside the organisation (Aas and Pedersen, 2016). Therefore, open innovation can generate substantial benefits for organisations, such as the introduction of an external perspective (Gassmann et al., 2010).
	On the other hand, co-creation is understood as a powerful approach to foster innovations (e.g. Ramaswamy and Gouillart, 2010). The power of co-creation in innovation is its capability to combine the knowledge of stakeholders from different perspectives (Keränen, 2015). Grönroos and Voima (2013, 141) see that interactions “form a platform for co-creation of value”, meaning that there needs to be a certain kind of interaction to co-create value. Keränen (2015, 218) introduces a co-creation framework that focuses on face-to-face and B2B co-creation in service companies, and she goes on to state that there are certain kinds of characteristics in co-creation which she calls pre-conditions and co-design manners. Moreover, Keränen (2015) indicates that co-creation creates a certain potentiality for strategic thinking and that triggers are needed to enhance co-creation activities. Co-creation can be seen as a learning process of creating new knowledge/solutions for the stakeholders involved (Keränen, 2015).
	The number and type of different partners with which an organisation collaborates with can demonstrate the organisation’s openness to innovation. The larger the number of partners, the more open the innovation process seems to be (Lazzarotti and Manzini, 2013). Sivard et al. (2014) mention that most innovations occur through a learning process where various actors, individuals as well as organisations, take part. Thus, organisations would not have to rely entirely on their internal research, but should open the innovation process to all employees, suppliers and customers i.e. the main stakeholders of the organisation. Open innovation is based on co-creative activities where stakeholders jointly create value to develop better or new service innovations (Carbone et al., 2012). It has received substantial business attention as a means of providing organisations with the ability to co-create new products and services in hyper-competitive environments (Almirall et al., 2014).
	One of the key elements in innovation is the use of technology (Saguy, 2011). Fostering new opportunities using technology is vital for organisations in today’s global market (Rabelo & Bernus, 2015). However, most competitive organisations are no longer proud to say that their technology was "developed in-house", because the results of this open environment tend to be better (Burcharth et al., 2014). No organization or institution has reached a leading position in the development of technology by accumulating all their knowledge in isolation, but they have achieved this through co-creation activities in a collaborative environment and the rapid spread and transmission of knowledge (Van Vrande et al., 2009).
	To conclude, open innovation in this research is understood as the intentional use of both external and internal inputs and outputs of knowledge to accelerate internal innovation and expend market possibilities (Chesbrough, 2003). On the other hand, co-creation can be defined in the following way: co-creation is a joint value creation process (Grönroos & Voima, 2013) of developing solutions (e.g. Aarikka-Stenroos & Jaakkola, 2012; Hakanen & Jaakkola, 2012), facilitating innovations (e.g. Kristensson et al., 2008), and creating strategic potentiality through co-design manners for the stakeholders involved (Keränen 2015, 222). Hence, this research sees open innovation as a platform of sharing knowledge where an organisation’s external and internal stakeholders co-create solutions that facilitate innovations for the stakeholders involved. The platform itself can contain both digitally enabled co-creation activities and/or face-to-face activities.
	4 Research Method
	This qualitative research was carried out using the abductive research approach. And the nature of this phase was explorative, as we wanted to better understand digital open innovation, which seems to be an unexplored phenomenon. The core idea of the abductive approach (see Figure 1) is that the researcher moves between the theoretical and empirical worlds and accepts the incompleteness of thoughts, taking non-linear approaches throughout the research to deepen both theoretical and empirical understanding (Dubois & Gadde, 2002). This can also be called “systematic creativity” (Kovács & Spens, 2005). The abductive approach is to an extent inductive in attempting to theorise the knowledge gained through empirical enquiry rather than deductively testing the theory. However, the abductive approach attempts to understand the theory related to the topic to gain pre-understanding and to generate an understanding of the common elements of the research which can lead to an understanding of the phenomenon in a new way (Kovács & Spens, 2005). This research moves up to Phase 3 as it attempts to build an initial model based on the empirical findings of the exploratory study.
	To gain a better understanding, not just from one organisation but from multiple organisations, this research was carried out as a multiple-case study design where the units of analysis were eight service organisations located in Finland (Yin, 2009).
	The cases were chosen to have a wide collection of different kinds of organisations. Organisations also varied in size; three organisations were small- or medium-sized organisations, and five were large organisations. The organisations operated in the following service sectors: finance and banking, taxation, insurance, retail, property management, consultation and HR services (Table 1).
	The data was collected from 47 semi-structured interviews among eight organisations between April and August 2016. Interviewees were managers and specialists. Each interview was 45 to 90 minutes long. After conducting the interviews, the data was transcribed and analysed.
	In this phase, data was analysed first based on the level of adaptation of open innovation and co-creation practices (see Table 2). Next to be analysed were the enablers and barriers related to adopting digital open innovation and co-creation activities. Finally, the results were presented to the organisations which, after an initial model, moved towards open innovation and co-creation activities.
	5 Findings
	In this paragraph, we demonstrate the data and findings of this research. First, we mapped the level of adaptation of open innovation and co-creation. Secondly, we looked at enablers and barriers in open innovation and co-creation.
	The evidence from the analysed data pointed out that none of the organisations were adopting co-creation activities or open innovation activities on a high level. At this point, the data also revealed that neither digital nor face-to-face open innovation and co-creation activities were extensively adopted in these organisations.
	For the moderate-level organisations, O3, O5, and O6 were mapped to have moderate open innovation and co-creation activities. Four organisations have been testing open innovation or co-creation activities (using them a couple of times): O1, O2, O4, and O8. Organisation O7 had not been using any open innovation and co-creation activities so far. Here it should be noted that all organisations have digital services for their customers, but open innovation and co-creation seem to be new activities for them (Table 3).
	Next we looked at open innovation and co-creation enablers within these organisations. We were able to map altogether 13 enablers (see Table 4). The most common enabler among all organisations was a need to effectively develop new services (E1). This enabler would occur as an enabler for both open innovation and co-creation. The organisations generally brought up the need for a systematic process (E2), meaning that there is a need for a systematic process to be open innovative and co-creative. For co-creation, it seems that there is a need for regular activity with customers (E3) and regular collaboration among personnel (E4). This would mean, for example, regular steering group meetings with customers, regular workshops or other regular activities. Moreover, organisation O3 and O5 brought up that regular activities with customers (E2) would also enable open-innovation activities. It also seems that for a few organisations, it is important to have a person who would be responsible (E5) for co-creation (O8) and open innovation activities (O7, O8). Case O3 proposed that piloting (E6) would enable co-creation activities, and cases O1 and O8 made proposals from the open-innovation point of view. Here piloting would mean short pilot projects that would enable organisations to test new approaches like open innovation and co-creation. Cases O3 and O4 from open innovation point of view and O2 from co-creation point of view brought up that encouraging organisation culture is an important enabler. More over process transparency (E8), rewarding those involved in the process (E9) and consultants and other external support (E12) could enable open innovation activities. On the other hand, case O1 indicated that digitalisation (E10) and workshops (E11) and case O8 indicated that tools enable co-creation activities.
	After mapping the enablers, we looked at open innovation and co-creation barriers within these organisations. We were able to map altogether 8 barriers enablers (see Table 5). The most common barrier, both for open innovation and co-creation among all organisations, was the traditional operating-model/closed-organisation culture (B1). With a traditional operating-model/ closed-organisation culture, we mean a model in which the organisation is hierarchical, focusing on its own competences, resources, processes, and technologies, and an outsider’s access to the organisation’s information is very limited. Next, we found that in some organisations (O5, O3, O8), it seems that there is not enough resources and time (B2) to accomplish open innovation and co-creation activities. Moreover, it seems that some organisations stated that open innovation and co-creation activities are carried out within short projects, but they are not embedded in the organisation’s ongoing activity (B3). This means that open innovation (O6) and co-creation (O6, O8) are seen as an extra activity. Barrier B4 (an organisation’s capability to react fast enough to changes) was related to open innovation in three organisations (O1, O2, O7) and to co-creation in only one organisation (O2). Barrier B5 (no knowledge on how to interact deeply with the customer) divided organisations, as no one saw this as a barrier to open innovation while four organisations (O1, O2, O4, O5) saw this as a barrier to co-creation. Barrier B6 (no knowledge on how to interact deeply with personnel) was seen as a barrier in organisation O2. Organisations O3 and O5 brought up that open innovation activities might cause too many ideas and it might be difficult to choose the most innovative ones (B7). Organisation O3 saw passive management as a barrier to co-creation activities.
	In conclusion, the evidence from the analysed data pointed out that none of the organisations were adopting neither co-creation activities nor open innovation activities on a high level. Thus, it can be said that none of the organisations have extensive experience in open innovation or in co-creation. Seven out of eight organisations have been open innovating and co-creating at least a couple of times. However, it seems that these organisations are highly interested in learning how to adopt open innovation and co-creation activities, but they brought up that they need a road map on how to shift toward open innovation and co-creation activities. It should be noted here that although we were initially looking at digital open innovation and co-creation activities, we did not find any. And these organisations did not seem to view digitalisation as an enabler as only one organisation brought it up (O1). As said earlier, these organisations are offering digital services for their customers, but they seem not to have any digital activities related to open innovation or co-creation.
	Hence, based on this empirical evidence, our attempt is to build a first draft to best describe the journey from a non-open innovative and non-co-creative organisation to an organisation where open innovation/co-creation activities are regularly used in the organisation’s operations and they are embedded in the organisation’s main processes (see Figure 2).
	During the interviews, we noticed that many of the interviewees spoke about a cultural change and an iterative process where the stakeholders of the process would have a chance to learn while moving toward more active open innovation and co-creation activities. Thus, the initial draft of the model demonstrates the journey as an iterative process where enablers are currently arranged to the best to our knowledge and where barriers are turned into enablers. To give an example, barrier B8 (management is passive) is demonstrated as an active management in the model, and B2 (not enough resources, not enough time) is demonstrated as adding resources.
	Moreover, the data indicated that there has to be some kind of trigger or a need for organisations to show an interest in open innovation and co-creation. In this case, the trigger seems to be a need to effectively develop new services.
	To conclude, the data demonstrated that organisations have a little experience in open innovating and co-creating with their stakeholders. However, they seem to be highly interested in learning how to open innovate and co-create, but there needs to be trigger/need which will activate organisation to pilot open innovation and co-creation activities. Nevertheless, they seem to lack knowledge on how to open innovate and co-create. Thus, we created an initial model that serve as a road map for organisations for their journey from a non-open innovative and non-co-creative organisation to a highly open innovative and co-creative organisation. As this result is based on empirical data, the next step needs to deepen the current theoretical aspects of open innovation and co-creation in order to build an initial framework to better understand the phenomena.
	6 Conclusion
	In this research, altogether 47 semi-structured interviews were taken in eight service organisations. This research initially aimed to better understand the use of digital open innovation and co-creation activities. Furthermore, it aimed to better understand enablers and barriers to digital open innovation and co-creation. As this research is exploratory, using an abductive approach, this paper first only briefly discussed digitalisation, open innovation and co-creation to demonstrate the definitions of these phenomena. Secondly, the abductive approach and methods used in this research were introduced. Thirdly, the findings of this research were introduced. Next we discuss the conclusions, limitations, and future research.
	As we stated earlier, our starting point for this research was to better understand digital open innovation and co-creation activities. However, we quickly understood that organisations did not seem to have much experience in both open innovation and co-creation activities, either on the digital level or face-to-face. Nonetheless, the results of this research make us better understand that there are some enablers and some barriers related to open innovation and co-creation activities. Moreover, early results of this research indicated that the organisations are aiming to increase digital open innovation and co-creation activities but there needs to be certain triggers or a need to effectively adopt open innovation and co-creation activities, and organisations need a road map on how to approach open innovation and co-creation activities.
	We presented an initial model (see Figure 2) that introduces an iterative journey moving toward a systematic process of open innovating and co-creating among an organisation’s stakeholders. This model might support theorising on open innovation and co-creation phenomena, as in the next phase the results of this study are compared with existing knowledge. Moreover, this model might support organisations in their journey toward a highly open innovative and co-creative organisation, which according to current literature, would bring new aspects into their innovation process and competitive advantage.
	This paper suffers from some limitations that need to be addressed in future research. First, the data was collected without an extensive literature review. Thus, it might be that the literature already demonstrates similar results. However, digitalisation seems to be a new research topic, and when combined with open innovation and co-creation, the initial literature research did not reveal any studies. Secondly, the initial model has not been tested yet in practice in any organisations; thus, we do not know how generalisable our findings are. Furthermore, the model needs to be designed in a more coherent way.
	To conclude, as this research is part of a larger research project where the final objective is to build a gamified roadmap. The purpose of the roadmap would be to support organisations in transforming their innovation models toward digital open innovation and co-creation platforms. Hence, we will continue this research in strengthening the theory and testing the model and letting the theory and testing take us to the next research steps.
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	Abstract
	Omnichannel retailing, which uses all possible channels (including physical store, online channel, social media, catalogue, etc.) to fulfil customer demands, imposes great pressure on the back-end supply chain, especially the last-mile delivery. The last-mile supply network (LMSN) design is of great challenge facing various retailers. This paper aims to understand the characteristics of LMSN using simulation. A set of hypotheses is developed regarding the trade-off relationship between the structural form of LMSN configuration and product variety and delivery responsiveness. To overcome the constraint of obtaining quality data in this emerging phenomenon, this paper develops a discrete-event simulation framework following a rigorous simulation process to generate data and test the hypotheses in order to gain insights on the operational characteristics of LMSNs within the omnichannel context
	Keywords: Last-Mile; Omnichannel retailing; Configuration; Simulation
	1 Introduction
	“e-retailers without the scale and volumes to deeply understand customer demand and forward deploy local inventories into major metro markets will be at a disadvantage in product categories and customer segments where immediacy of fulfilment dominates product feature or assortment.” (Mayor and Lambert, 2017)
	Omnichannel retailing is a relatively recent phenomenon that has been transforming the retail landscape. For retailers, providing consumers with a seamless and consistent shopping experience across both physical bricks-and-mortar and digital e-commerce channels has been most demanding (Piotrowicz and Cuthbertson, 2014). It requires complex trade-offs between delivery responsiveness , product variety2 , and the structural form of last-mile distribution (Laseter et al., 2015). The design of the “last-mile”, often the most expensive segment of a logistics supply chain (Harrington, et al., 2016) is the focus of this paper. Following a review of past definitions by Lim et al. (2016), LMSN distribution concerns the last stretch of a business-to-consumer parcel delivery, spanning the order penetration point to the final consignee’s preferred destination point, and involve a set of active and inactive entities.
	The current state of omnichannel retailing is in a state of flux. While there are numerous innovative same-day and on-demand last-mile distribution models being operationalized in recent years such as, Deliv Fresh, Instacart and Amazon Fresh for groceries; Sun Basket for pre-prepared meals, and Dropoff, Amazon Prime Now and Prime Air for general retail, many retailers fail to adequately consider the intricacies of operating these models, leading to failures despite committing significant investments (Lopez, 2017). For example, Wal-Mart recently scrapped its shipping pass programme, dubbed a “copycat” of Amazon’s prime membership scheme, within two years of introduction. While two well-known British retail chains entered bankruptcy: 116-year old menswear brand, Austin Reed fell into administration in June 2016 amid a challenging retail market and cash flow issues. A total of 120 stores were closed and 1,000 jobs lost. The 88-year old department store, British Home Stores (BHS), lost 164 stores and about 11,000 employees over the same period. 
	These anecdotal examples stand in stark contrast to the established literature development on last-mile logistics suggesting a misalignment that fail to address key industry challenges. For instance, Mangiaracina, Song et al. (2015) identified 42 factors influencing distribution network design. However, the decisions related to network structure were centred on the planning aspect (e.g. facility, location and capacity) rather than the structural characteristics of last-mile distribution models. Lee and Whang (2001), Chopra (2003), Boyer and Hult (2005), and Vanelslander, Deketele et al. (2013), have each developed last-mile structural types to assist design under different consumer and product attributes. These studies mostly capture the linearly “chain-centric” last-mile models, prevalent in the pre-digital era. Moreover, these studies did not provide an environment to allow retailers to simulate various distribution models under specified boundary conditions prior to actual implementation. As a result, retailers often pay the price of failure as they evaluate the feasibility of a specific delivery model after implementation. Given the nascence of omnichannel retailing, it is challenging to collect real-world data to empirically examine last-mile supply networks (LMSN) configuration to develop theories. Simulation is the most appropriate research method in this situation, as it is particularly suited to the development of theories that are still relatively undeveloped, limited by weak conceptualization, few propositions and vague underlying theoretical logic (Davis and Bingham, 2007). This is indeed the situation for our context, i.e., omnichannel retailing. Moreover, simulation can serve as a prescriptive model to investigate non-existing systems, like omnichannel retailing, which has not been fully adopted in practice (Harrison, et al. 2007). 
	Our study therefore seeks to address the LSMN challenge facing retailers by developing a simulation framework to investigate the question: what is the optimal LSMN configuration for omnichannel retailing? To achieve this aim, a discrete-event simulation framework is developed to test a set of hypotheses regarding the impact of key operational parameters on the structural forms of LMSNs.  
	To improve the vigor of our simulation study, we follow the procedures set forth by Manuj et al. (2009) when designing our simulation framework, that is: (1) Problem formulation; (2) Choice of dependent and independent variables; (3) Validation of conceptual model; (4) Data collection; (5) Verification of computer model; (6) Model validation; (7) Performing simulations; and (8) Analysis techniques. Because this research is still on-going, we only report the resulting simulation framework developed after the first three steps.
	This paper is structured as follows. Section 2 reviews the relevant literature and provides key definitions. Section 3 develops the conceptual model of the simulation framework. Section 4 specifies key input parameters and presents the experimental design. Lastly, Section 5 concludes the paper and details future work.
	2 Literature review and hypothesis development
	2.1 Literature review
	2.2 Last-mile supply network structure
	2.3 Development of Hypotheses
	2.4 Operationalisation of Constructs

	Our paper contributes to two streams of literature in omnichannel supply chains: studies examining downstream distribution via framework development and empirical modelling and those investigating the configuration and impact of delivery options within the omnichannel context, mainly via analytical modelling and simulation. In the former stream of literature, Ishfaq and Raja (2017) develop a framework to evaluate three fulfilment options based on a retailer’s existing network of stores and DC facilities, direct-to-customer fulfilment centres, and collaborating with vendors to facilitate dropshipping across a set of operational and cost metrics. Lim et al. (2017) conduct a literature review on last-mile logistics models, and develop a prescriptive design framework. Moreover, Hübner et al. (2016) develop a planning framework for last-mile fulfilment and distribution. While these studies have constructed useful frameworks that provide managers with prescription regarding the adoption of a specific form of last-mile distribution, scarce studies exist that provide a simulation framework to examine the structural forms and their evolutions in different operational contexts within the omnichannel environment. The absence of which means retailers have to risk experimenting different models in order to observe their viability.
	In the latter stream of literature investigating the configuration and impact of delivery options, Gao and Su (2016) study the impact of the buy-online-pick-up-in-store (BOPS) initiative on store operations via the development of a stylized model where a retailer operates both online and offline channels. There are also studies that examine outsourcing decisions (Rao et al., 2009) and the conditions supporting retailers to dropship rather than hold inventory (Netessine and Rudi, 2006). While studies in this domain have captured the various forms of last-mile distribution and the conditions promoting the usage of a specific form, none of these studies have considered the boundary conditions that influence the structural forms of last-mile distribution. In particular, the extant literature provides limited understanding as to the conditions causing a specific structural form to change. This understanding is critical for retailers. The better understanding of these conditions allows retailers to preempt change in order to maintain alignment between the LMSN structure and its operating environment. 
	Based on a synthesis of these literature streams, our study develops a simulation framework that captures the various LMSN structures (i.e. BOPS, dropship, ship-from-store and ship-from-DC) and incorporates delivery responsiveness and product variety as the key determinants of LMSN structure.
	A supply network is “essentially an organizational form in a larger context or a system of firms” (Choi and Hong, 2002, pp. 470). We draw on the literature on organization design complexity (e.g., Daft, 1989, Price and Mueller, 1986), supply network (Choi and Hong, 2002) and logistics (Klaas, 2003, Stock, Greis et al., 1998) to examine network structure in terms of centralization, vertical integration, horizontal integration, and geographic dispersion. We define centralization as the degree of authority or power a firm exercises over other firms in the network. Extends to inventory aggregation context where stocks are pooled at centralized locations; vertical integration as the extent to which a firm owns the various stages of the LMSN; horizontal integration as the degree of multiplicity of each LMSN stage or function; and geographic dispersion as the extent to which productive units in the LMSN are dispersed geographically.
	This section details the set of hypotheses to be tested via the developed simulation framework.
	Distribution involves a set of activities and processes that moves and stores a product from the origin (e.g. supplier site) to the consumer’s desired location. Retailers targeting consumers with tolerance of long response time or slow delivery responsiveness require fewer inventory locations that may be farther away from the consumer segments (Chopra, 2003). This arrangement permits retailers to focus on increasing the capacity at each of these inventory facilities. By contrast, retailers would need to locate inventory facilities closer to the consumer segments if they are targeting consumers who value short response time or fast delivery responsiveness. In turn, these retailers must have more facilities, each with a lower capacity, in order to adequately service the consumers. As a result, inventories are disaggregated (Lim et al., 2016).
	Therefore, we propose our first hypothesis: 
	H1: The higher the desired delivery responsiveness, the lower the degree of centralization of LMSN.
	It is known that increasing product variety not only increases complexity in product portfolio management but also across several operational activities including inventory and logistics management (Jacobs and Swink, 2011). Therefore, the lower the product variety, the more likely retailers could manage the activities along the vertical value chain due to the lower complexity in managing these activities, ceteris paribus. In turn, the higher the product variety, the more likely retailers would outsource certain parts of the value chain activities to specialist providers (e.g. 3PLs), thereby reducing the degree of vertical integration. Consequently, the degree of multiplicity of each LMSN stage increases due to heterogeneity in operational processes when managing distinct products. For example, low sortable items like washing machine may require special handling in which an 3PL would be more capable to handle the delivery.
	Based on this argument, we posit the following: 
	H2: The higher the product variety offered, the (a) lower the degree of vertical integration, and (b) higher the degree of horizontal integration of LMSN.
	Synthesizing the reasoning for developing H1 and H2, retailers managing a product portfolio of high variety, coupled with slow delivery responsiveness would have more lead-time to target faraway consumers and more abled to target different consumer markets due to the high product variety it offers to service heterogeneity in consumer preferences. In this case, geographic dispersion increases by having facilities sparsely located from each other. By contrast, fast delivery responsiveness reduces the degree of geographic dispersion to focus on servicing high value consumers within a small catchment area (e.g. urban areas) (Stock et al., 1998). Moreover, due to the shorter lead-time and increased operational cost of on-demand delivery, retailers have to concentrate their facilities in a limited area and often rely on the ecosystem such as partnering with other retailers and service providers in order to offer attractive service proposition that delivers on promise (Lim et al., 2016).
	Therefore, we posit:
	H3a: High product variety coupled with slow delivery responsiveness is more likely to lead to high geographically dispersed LMSN. 
	H3b: High product variety coupled with fast delivery responsiveness is more likely to lead to low geographically dispersed LMSN.
	Lastly, combining low product variety and slow delivery responsiveness permits retailers to cover markets that share similar preferences but located farther away, resulting in a moderate geographically dispersed LMSN. On the other hand, retailers offering fast delivery responsiveness would have LMSNs characterized by elements of low and moderate geographic dispersion dependent on product types and the adopted fulfilment strategy (Boyer et al., 2005). More specifically, LMSNs operated based on orders fulfilled by DCs are more abled to target markets located farther away leading to moderate geographic dispersion vis-à-vis LMSNs operated based on orders fulfilled by physical stores (Lim et al., 2016). In this latter case, the LMSN is characterized by low geographic dispersion.
	Based on the preceding discussion, we posit: 
	H4a: Low product variety coupled with slow delivery responsiveness is more likely to lead to moderate geographically dispersed LMSN. 
	H4b: Low product variety coupled with fast delivery responsiveness is more likely to lead to LMSN with features of low and moderate geographic dispersion.
	We operationalize the key constructs as follows:
	• Degree of centralisation of LMSN as the number of fulfilment facilities in the supply network. The more facilities in the network, the lower of centralisation degree;
	• Product variety is proxied by the breath of product assortment in terms of stock keeping units (SKU);
	• Vertical integration as the number of the echelons operated by the focal retailer from CDC to the customer, the higher the count, the more integrative is the LMSN (high and low vertical integration in the experiment); and
	• Horizontal integration by the number of RDCs in the same echelon, the lower the count, the more integrative of the LMSN (high and low horizontal integration in the experiment).
	• Geographic dispersion by the density of RDCs.
	3 Development and Validation of Conceptual Model
	3.1 Demand generation
	3.2 Order receiving and processing
	3.3 Demand fulfilment
	3.4 Inventory replenish at stores and RDCs
	3.5 Product delivery

	In this paper, we test the hypotheses by simulating the logistics system from the perspective of an omnichannel retailer operating both department store and online store (e.g. website, Mobile app, social media) format, schematically represented in Figure 1. Customers can either shop at the store and get the products directly or place order online. If the store is out of stock, the customers may place an order at the store or give up purchasing the product. Online orders can be fulfilled and delivered via different modes such as click-and-collect and ship-to-home. The order could be fulfilled by the departmental store, Regional distribution centre (RDC) or Central distribution centre (CDC), depending on the delivery time chosen by the customer. The inventories in the departmental stores and RDCs are replenished periodically following a certain replenishment policy.
	To achieve the objectives of this research, our model makes the following assumptions:
	Assumption 1: We assume that CDC always has enough inventory and we do not consider the ordering cost at CLC. This assumption is appropriate because our research is restricted within the scope of a retailer. As such, the interaction between the retailer and a manufacturer could be ignored.
	Assumption 2: The stores replenish inventories according to the past two weeks’ sales and the RDCs replenish inventories based on the past two weeks’ inventory depletion.  
	This assumption is only used to simplify the model. Otherwise, our simulation framework is flexible enough to accommodate any inventory replenishment policy. 
	Assumption 3: We assume that each store only places order with the nearest RDC. Again, this is to simplify the simulation. Moreover, this policy is commonly used in practice. 
	Assumption 4: Cross-selling in click-and-collect is not modelled. One benefit claimed in the literature on click-and-collect is the cross-selling effect when customers go to the store to collect their online orders. To simplify the simulation, we do not consider this. 
	Assumption 5: Product return is not modelled. “Buy anywhere, get anywhere and return anywhere” is claimed as the ultimate goal of omnichannel retailing. However, many companies are using specialised third-party logistics providers (3PL) to deal with the returns. For example, John Lewis uses a 3PL to wholly manage the returns process. In this research, we do not model the product returns process. However, our simulation framework is general enough to include the product returns process via an extension.
	The model flow for this study can be divided into the following stages:
	(1)  Demand generation
	(2)  Order receiving and processing
	(3)  Demand fulfilment
	(4)  Inventory replenish at stores and RDCs
	(5)  Product delivery
	Omnichannel retailers usually sell products in multiple categories with multiple brands, e.g., John Lewis and Wal-Mart. Consumers often purchase multiple items in one shopping journey. Therefore, consumers’ shopping basket choice process should be modelled. In this study, we use the Multivariate Logit (MVL) Model to generate the demand for each consumer in the simulated geographical region. Following Richards and Bonnet (2016) and Song and Chintagunta (2006), we assume that consumers ℎ = 1,2,3, …  select items from among i = 1,2,3, … N categories, 𝑐𝑖ℎ𝑡, in assembling a shopping basket, 𝒃ℎ𝑡 = (𝑐1ℎ𝑡, 𝑐2ℎ𝑡, 𝑐3ℎ𝑡, …,𝑐𝑁ℎ𝑡) on each trip, t, conditional on their choice of store, r. The set of all possible baskets in r is defined as bℎ𝑡𝑟∈𝐁𝑟. The joint probability of choosing the entire vector bℎ𝑡𝑟, is as follows:
	Prbℎ𝑡𝑟|𝑟=exp⁡(𝝅ℎ𝑡𝑟′bℎ𝑡𝑟+12bℎ𝑡𝑟′𝚯ℎ𝑟bℎ𝑡𝑟)bℎ𝑡𝑟∈𝐁𝑟exp⁡(𝝅ℎ𝑡𝑟′bℎ𝑡𝑟+12bℎ𝑡𝑟′𝚯ℎ𝑟bℎ𝑡𝑟)
	(1)
	Where 𝝅ℎ𝑡𝑟=(𝜋1ℎ𝑡𝑟, 𝜋2ℎ𝑡𝑟, 𝜋3ℎ𝑡𝑟, …,𝜋𝑁ℎ𝑡𝑟) is the baseline utility vector for each category, and 𝚯ℎ𝑟=(Θ1ℎ𝑟, Θ2ℎ𝑟, Θ3ℎ𝑟, …,Θ𝑁ℎ𝑟) the matrix for the cross-category effect, each Θ𝑖ℎ𝑟  represents a column vector of an N × N cross-effect 𝚯ℎ𝑟 matrix with elements Θ𝑖𝑗ℎ𝑟. The baseline utility is assumed to depend on a set of category (X𝑖) and household (Zℎ) specific factors such that: 𝜋𝑖ℎ𝑡𝑟=𝛼𝑖ℎ𝑟+𝛽𝑖ℎ𝑟X𝑖+𝛾𝑖ℎ𝑟Zℎ, where perceived need, in turn, is affected by the rate at which a household consumes products in the category, the frequency that they tend to purchase in the category and any other household demographic measures. Category factors are those marketing mix elements, for example, prices and promotion. The purchasing of a shopping basket follows a multi-variate logistic distribution. Therefore, we can use this distribution to generate the consumer demand in the simulation. The data needed to estimate the parameters are the category and household specific factors as well as the cross-category effect matrix. For more information about the estimation process, the readers are referred to Song and Chintagunta (2006).
	After generating the basic consumer potential demands, the channel choice should be generated. We assume that a proportion λ of consumers prefer the departmental store and a fraction 1 – λ of consumers place order online. Among the physical shopping consumers, if the product is out of stock, a proportion μ of them will turn to the online shopping. For those digital savvy consumers, the preference on different delivery options follows a certain discrete distribution. The above parameters can be obtained through surveys conducted by consulting companies.
	Using the abovementioned method, we can generate the profile for each consumer including the basket choice, channel preference, delivery choice and alternatives if out of stock.
	Orders placed at the store will be fulfilled immediately with a cost cs for each order, mainly including labour cost. While orders placed online will be stored and processed automatically in terms of choosing the best fulfilment option. The cost for each order is co.
	The demand fulfilment is mainly focused on choosing the best fulfilment center and delivery option to satisfy a certain demand to minimise the fulfilment cost. For click-and-collect orders, the store inventory will be used to satisfy the demand if it is available, otherwise, an express delivery will be used to send the product from the nearest RDC to the store. Ship-to-home (or a certain address) orders could be fulfilled from the CDC or RDC or store. The fulfilment rule is as follows: the retailer lists the potential fulfilment points k = 1,2,3, …, M (M is the total number of fulfilment facilities in the supply network) which have available inventory, and rank them based on transportation cost (cTj, j = 1,2, …, k), and then find the point which has lowest transportation cost and satisfies the time constraint.
	The inventories in the stores and RDCs are monitored continuously. Once a status change has occurred, the inventories will be checked and decide if replenishments are needed. If the inventory level is above a certain level (the trigger point), no replenishment is needed, otherwise, a quantity equals to the past two weeks’ sale will be ordered. This rule is adopted from Tielbeek (2016). Similar rule is used for the replenishment of RDCs. We assume that the ordering cost for stores and RDCs are the same, which is cr.
	Product delivery occurs transportation cost based on the distance from the fulfilment point to the consumer address. Assume that the unit transportation cost per order is ct, the total cost for deliver-to-address is ct × distance. For click-and-collect, if the order is fulfilled by the store inventory, the delivery cost is the same as the cost of dealing with a physical shopping consumer, which is cs. However, if it is shipped from a store, a premium will be charged by the express delivery company, which is assumed to be cp per order. The detailed simulation flow is presented in Figure 2.
	4 Parameters and experiment design
	4.1 Parameters
	4.2 Performance evaluation criteria
	4.3 Experiment design

	The input parameters are listed in Table 1.
	In this study, we use the average supply cost per product to measure the overall performance of each network configuration.
	To test the hypotheses, we generate two scenarios for each construct that is high and low, for example, high product variety and low product variety. Each scenario is an experiment in the simulation. Thus, we have 2×2(H1) + 2×2×2(H2) + 2×2×2(H3) =20 experiments in total. For each experiment, the simulation time is one year. We repeat the simulation 50 times and thus collect 50 samples from the simulation. Two-way ANOVA will be used to analyse the data and test the hypothesis.
	5 Conclusion and future work
	This research investigates the LMSN configuration for an omnichannel retailer. Different hypotheses have been proposed to characterise the features of the LMSN. To test the hypotheses, we developed a discrete-event simulation framework to generate data. Experiments have been designed and data analysis methods have been proposed. Next step will be to validate the conceptual model using experts from both academia and the retail industry, followed by data collection from a company to verify the simulation model. Consequently, the simulation will be implemented repeatedly to generate data based on the experiments. The generated dataset will then be statistically analysed to test the proposed hypotheses.
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	Abstract
	The research in additive manufacturing is limited to an engineering discipline, and management of additive manufacturing is a less explored domain. This work is aimed at examining select papers in the management of additive manufacturing (AM) and its impact on the supply chain in recent past. The papers are classified as conceptual, exploratory, empirical and review papers, and prevailing issues are identified. To further probe in understanding impact of AM, we analyse supply chains considering Upstream, Process and Downstream aspects along with three primary flows- Goods and services, funds and information. We propose the need for developing Additive Manufacturing strategy for the competitiveness of the firm.
	Keywords: Additive Manufacturing, Manufacturing Systems, Additive Manufacturing Strategy, Supply Chain Management, Literature review
	1 Introduction
	Additive manufacturing (AM) denotes the family of manufacturing techniques that allows layered production using digital inputs. AM enables the remote production of parts/products without scrap or wastage (Gibson et al., 2010). AM is most widely used in applications with low production volumes, small part sizes, and complex designs in the applications like aerospace, biomedical, jewellery, sculpture, rapid designs (Deradjat and Minshall, 2017; Holmstrom et al., 2016). In 2013, AM market grew to $3.07 billion with compound annual growth rate (CAGR) of 34.9% and is expected to grow up to $10.8 billion by 2021 (Thiesse et al., 2015). Despite overwhelming economic potential and increasing technology expectations, research on AM is limited to engineering discipline focusing on methods and materials of the additive manufacturing process (Chen et al., 2015; Deradjat and Minshall, 2017; Thiesse et al., 2015). The research stream focusing on the management of AM is still in nascent stage.
	Although AM revolutionises manufacturing technology, firms tend to adopt it with caution. AM displays some advantages over the conventional manufacturing technology, company managers still should pay attention to their supply chain circumstances when they would like to adopt AM. Currently, the biggest challenge in supply chain management is the need to efficiently and effectively deliver ever more valuable products and services to customers (Holmström et al., 2010a). Now, the emergence of AM technology further creates an opportunity to improve supply chain dynamics (Liu et al. 2014). The supply chain management is also digitized for effective inventory and producing customized products (Kumari et al., 2017).
	The purpose of this work is to examine recent relevant literature in AM domain and its impact on SCM to find out possible future directions. For this, we use systematic literature search strategy to select the papers for consideration. On careful examination of the selected papers, we suggest three prominent research directions for future work in developing Additive manufacturing strategy: (i) Impact of AM on value stream (ii) Positioning AM on volume-variety matrix. (iii) Impact of AM on Business Performance 
	The rest of the paper is organised as follows: In the following section, we provide details of literature search method and classification scheme. Then, we discuss conceptual, exploratory, empirical and review papers on AM and SCM and then identify prevailing issues. Finally, we propose the future research directions in the AM-SCM domain.
	2 Method
	The purpose of this paper is to examine select papers on the impact of AM on the supply chain. We have used Additive Manufacturing and Supply Chain Management as two important domains for this work. The literature search strategy was adopted from similar previous studies (for example, Kulkarni et al., 2016). This included identifying relevant data sources and keywords. The detailed search strategy is depicted in Figure 1.
	Multiple journal databases are used (for example, Google Scholar, ScienceDirect, ProQuest, EBSCO, Web of Science). The scope of the literature search is restricted to recent academic research (between 2000 and 2017) in AM and supply chain management of spare parts. A set of 60 publications was shortlisted. These publications are categorised into two types, technology-based and application based. As the focus of this paper is to explore the impact of AM on the supply chain, we selected 27 papers for further analysis. These papers are classified as per the taxonomy of Dangayach and Deshmukh (2001) as: conceptual (8), exploratory cases (11), empirical studies (4) and review (4).
	3 Results and discussion
	3.1 Additive Manufacturing (AM) Management
	3.2 Supply Chain Management (SCM)
	3.3 Impact of AM on SCM
	3.4 Impact of AM on Upstream SC
	3.5 Impact of AM on Process
	3.6 Impact of AM on Downstream SC

	Due to advancements in materials and methods of AM technologies, applications of AM are significantly increasing (Mellor et al., 2014). However, research in management of AM and its impact on supply chain management is in nascent stage (Holmstrom et al., 2016; Khorram Niaki and Nonino, 2017b; Weller et al., 2015). AM has several advantages over the traditional manufacturing technology, managers still have to pay attention to their supply chain conditions when they would like to adopt AM (Li et al., 2017). We classify select papers in - a) Additive manufacturing management b) AM and its impact on Supply chain
	Additive manufacturing (AM) denotes the family of manufacturing techniques that allows layered production using digital inputs. Most common advantages of AM are a) time-to market speed increase b) prototyping cost reduction c) complex customization d) inventory reduction. Efficacious applications of AM are among the reasons some firms are looking to AM to gain a competitive advantage. A set of 20 papers on AM are classified as: conceptual, exploratory cases, empirical studies and literature review.
	Conceptual Papers: Table 1 summarizes select conceptual papers on AM applications, that are primarily discussing the key characteristics and application of AM in manufacturing paradigm. Holmström et al. (2010) enlist benefits of AM technology as: (i) Reduction in production lead time with minimal tooling requirements, (ii) Feasible and economic smaller batch production enabling higher variety, (iii) Rapid design changes allowing customized designs, and (iv) Simplified supply chains and lower inventories. Conner et al. (2014) argue that AM can be more cost effective than traditional manufacturing at higher complexity levels. Holmstrom et al. (2016) argue that AM may not completely replace traditional manufacturing, rather both can be used in synergy. However, present conceptual research lacks the insights on how this synergy can be achieved. The literature is also silent on how and when traditional manufacturing firm should initiate implementing AM. Berman (2012), Conner et al. (2014) emphasis on applications of AM in mass customisation. Further, exploratory case based studies have investigated the AM implementation as an enabler of mass customisation.
	Exploratory Papers: Table 2 depicts select exploratory papers on AM applications, focusing on the case based investigation of AM. As the AM research is in a nascent stage, case studies are used as preferred methods of investigation (Mellor et al., 2014) with an objective to understand AM implementation process. These studies are from diverse industries like aerospace and aviation (Khajavi et al., 2014; Mellor et al., 2014; Tuck et al., 2008; Wagner and Walton, 2016), medical and dental (Deradjat and Minshall, 2017; Eyers and Dotchev, 2010; Khorram Niaki and Nonino, 2017a), electronics (Achillas et al., 2015; Khorram Niaki and Nonino, 2017a). However, there are limited cross-case comparison studies to explore industry-specific variations in AM implementation (Khorram Niaki and Nonino, 2017b). As an exception, Khorram Niaki & Nonino (2017b) and Rylands et al. (2016) examine AM implementation across sectors viz. textile, furniture, aerospace, automotive, medical, electronics.
	Empirical Papers: Table 3 states select empirical papers on AM applications dedicated to the quantitative modelling of AM and its applications. Empirical studies in AM domain are sparse. Achillas et al. (2015) propose the decision-making framework for selection of effective production strategy using multi-criteria decision aid (MCDA) and DEA. Weller et al. (2015) investigate economic and technological characteristics of AM at firm and industry level. Future research in AM needs to be focused on the development of empirical models in different contexts.
	Review Papers: Table 4 states select literature review on AM applications focusing on the investigating research avenues in AM management such as AM and mass customization, AM-SCM. Eyers and Dotchev (2010) review various AM technologies to discuss opportunities and challenges of mass customization. This study also signifies the importance of evaluation of AM process towards mass customization with a case study. Holmstrom et al. (2016) present the agenda for future research at the factory, supply chain and operation strategy levels. Khorram Niaki and Nonino (2017) present the systematic and quantitative analysis of literature in management of AM and elaborate research in eight domains of AM: (i) Technology selection, (ii) Supply chain, (iii) Product design and production cost models, (iv) Environmental aspects, (v) Strategic challenges, (vi) Manufacturing systems, (vii) Open-source innovation, (viii) Business models and economics. Jin et al. (2017) entails the scientometric review exploring hotspots and emerging trends of AM.
	Supply chain management (SCM) is the management of the flow of goods and services, involves the movement and storage of raw materials, of work-in-process inventory, and of finished goods from one point to another. A set of 7 papers on AM-SCM are classified as: conceptual (2), exploratory cases (4), empirical studies (1) and literature review (1).
	Conceptual Papers: Additive Manufacturing is perceived as disrupting technology of the entire manufacturing economy or simply allowing innovative production scenario (Sasson and Johnson, 2016). This paper qualitatively evaluates potential supply chain reconfigurations. The analysis shows that firms will develop AM capabilities to isolate disruptive, low-volume production from scalable mass production. The distributed manufacturing of spare parts in locations closer to the final user has several advantages, such as reduced delivery lead times and reduced logistics costs (Durão et al., 2017).
	Exploratory Papers: The impact of AM on the spare parts supply chain is investigated by Li et al., 2017 in the three scenarios: a) conventional supply chain, b) centralized AM-based supply chain and c) distributed AM-based supply chain. These three scenarios are compared using system dynamics model which shows that supply chain utilizing AM is more beneficial than traditional SC configuration. Rylands et al., 2016 explored the adoption process of AM within a manufacturing system and its impact on business. The results showed that the implementation of AM caused a shift in value propositions and the creation of additional value streams (VSs) for the case study companies. AM VSs would rather strengthen the traditional manufacturing VSs instead of completely replacing them. Systematic analysis is provided by Oettmeier and Hofmann (2016) about the effects of AM technology adoption on supply chain management (SCM) processes and SCM components in an engineer-to-order environment. Two explorative case studies are used for investigation of the impact of AM technology adoption on SCM process and its components. However, there is lack of studies available in the literature which analyses the consequences of AM adoption from supply chain standpoint.
	Empirical Papers: Knofius et al. (2016) discussed the possible reasons for the value of AM for after-sales service logistics and to develop a method to simplify the identification of economically valuable and technologically feasible business cases. The approach is based on the analytic hierarchy process (AHP) and then sensitivity analyses explain the robustness of the approach. Further, this work illustrates the flexibility of applying the method in practice. Apart from this study, we see a serious void in the empirical investigations of the impact of AM on SCM.
	Review Papers: Rogers et al., (2016) identified the AM services, with the scope of determining the potential consequences on the supply chains of manufacturing firms and creating a research agenda for future studies. AM services may complement, replace or even create entirely new supply configurations, offering extraordinary flexibility in terms of production volume, production location, product customization and product complexity. But further studies are required to authenticate the results.
	The biggest challenge in supply chain management is the need to efficiently and effectively deliver ever more valuable products and services to customers (Holmström et al., 2010a). Additive manufacturing with a digital link enables to maintain digital models of the spare parts. This reduces the expenses of physical warehousing and increases the availability of parts at the point of use. By manufacturing items closer to the end destination, we reduce logistical costs and environmental impact. Furthermore, successful implementation of AM processes relies on the intersection of two supply chains: the supply chain of a machine and materials vendor and the supply chain of the company intending to purchase the tools that allow them to 3D print products (Mellor et al., 2014). Therefore, the continuous development of AM offers OEMs the opportunity to change their manufacturing operations and their supply chain configurations.
	Present AM research lacks insights on the linkage of AM with firms’ competitiveness and how AM technology will significantly improve supply chain dynamics. Although AM revolutionises manufacturing technology, firms tend to adopt it with caution. Additive Manufacturing Strategy needs to evolve, which may help practitioners in following ways: 1) To develop competing priorities, 2) To assist in structural and infrastructural decision choices, 3) To develop manufacturing capabilities which differentiate a firm. However, past literature lacks the systematic way of understanding the impact of AM supply chain. 
	Researchers analyse supply chains considering Upstream, Process and Downstream aspects along with three primary flows- Goods and services, funds and information. The upstream supply chain includes suppliers and raw material producers. The downstream supply chain includes distribution network including retailers. AM is said to be transforming the traditional manufacturing and supply chain paradigm (Holmstrom et al., 2016; Holmström et al., 2010b). Hence, we need to explore the relationship between AM and traditional SCM. Therefore, we map the research issues found in the AM-SCM domain in the following matrix (Table 5).
	These studies discuss various approaches to introduce AM in the spare parts supply chain. Present research requires further insights on the challenges pertaining to inventory and material management models, location and distribution networks of suppliers, raw material quality inspection and standards. We also see a dearth of studies in funding and information related issues despite the hype of Industry 4.0.
	This stream has received the significant research attention in the recent past. The rationale for the extensive research is attributed to the potential impact of AM on the traditional manufacturing. We analyse these research attempts classifying manufacturing decisions as structural and infrastructural decisions. Structural decisions include long term, capital intensive policy decisions such as facility, capacity, location, layout, process and technology. Infrastructure decisions include routine operating decisions PPC, Quality systems, organisation design (Hayes and Wheelwright, 1979; Kulkarni et al., 2016). The introduction of AM would impact manufacturing decisions in both structural as well as infrastructural levels.
	Table 5 – Understanding Impact of AM on Supply chain
	• After sales service logistics of AM parts (Knofius et al., 2016)
	 Location of near to the downstream to cater the ultimate need of the end user.
	 Supplier relationship management (Lambert, 2014; Oettmeier and Hofmann, 2016b)
	• Customer relationship and service management (Lambert, 2014; Oettmeier and Hofmann, 2016b)
	 Significant reduction in lead time and logistics cost (Durão et al., 2017)
	 Upstream supply chain dynamics (Li et al., 2017b)
	 Approaches for introducing AM in  spare parts SC (Holmstrom et al., 2016; Khajavi et al., 2014)
	• Returns management (Lambert, 2014; Oettmeier and Hofmann, 2016b)
	 Need of manufacturing super centre and supply chain reconfigurations (Sasson and Johnson, 2016) 
	• 3D printing services on supply chain of manufacturing firms (Rogers, Baricz and Pawar, 2016)
	 AM for production of customised parts (Berman, 2012; Chen et al., 2015; Deradjat and Minshall, 2017; Eyers and Dotchev, 2010; Tuck et al., 2008)
	• Distributed Supply chain of spare parts (Durão et al., 2017)
	• Implications of AM for spare parts inventory (Sirichakwal and Conner, 2016b)
	 Manufacturing flow management (Lambert, 2014; Oettmeier and Hofmann, 2016b)
	 Multi-criteria Decision aid framework for production strategy selection (Achillas et al., 2015)
	 Make or buy decisions (Mellor et al., 2014; Ruffo et al., 2007)
	 Complimenting AM with traditional manufacturing (Holmstrom et al., 2016; Holweg, 2015) 
	 Reduction in holding cost and production lead time (Sirichakwal and Conner, 2016b)
	 Enhancing profit margins and customer satisfaction (Mellor et al., 2014)
	  Challenges of information exchange, communications and control among production sites (Durão et al., 2017)
	 Development of heterogeneous bill of material (Sasson and Johnson, 2016)
	 Lack of experience with the technology (Berman, 2012; Hopkinson et al., 2006)
	 Economically feasible production to smaller production lot size (Berman, 2012)
	 Economic and technological characteristics of AM (Weller et al., 2015)
	 Impact of AM on manufacturing system and business performance (Holmstrom et al., 2016; Khorram Niaki and Nonino, 2017a; Rylands et al., 2016; Thiesse et al., 2015)
	 Reduction in downtime cost (Khajavi et al., 2014)
	 Cost-benefit analysis for AM adoption (Malte Schrödera, Björn Falka, 2015; Sasson and Johnson, 2016; Yao et al., 2016) 
	 Cost effective customisation (Tuck et al., 2008) 
	 Costs of the AM (N Hopkinson and P Dickens, 2003; Ruffo et al., 2006)
	 High printer acquisition cost (Berman, 2012; Hopkinson et al., 2006)
	The studies focusing on impact of AM on structural manufacturing decisions include location (Durão et al., 2017), Make or buy decision (Mellor et al., 2014; Ruffo et al., 2007), Vertical integration (Sasson and Johnson, 2016), Technology and Process (Eyers and Dotchev, 2010), Manufacturing system design (Holmstrom et al., 2016; Khorram Niaki and Nonino, 2017a; Rylands et al., 2016; Thiesse et al., 2015). 
	The potential of AM as the enabler of mass customisation is the most popular research stream in AM management domain. Past studies such as Chen et al., (2015); Deradjat and Minshall, (2017); Eyers and Dotchev, (2010); Khorram Niaki and Nonino, (2017b); Tuck et al., (2008) devote the discussion on the AM as the enabler to mass customisation.
	With these extensive research efforts, the positioning of AM on volume-variety matrix depicting how AM can affect the trade-off among cost and variety is an emerging interest to AM-SCM researchers. This may develop Additive Manufacturing Strategy as the new avenue for the AM management research like operation strategy issues given by Holmstrom et al., (2016). To initiate the discussion on Additive manufacturing strategy, we highlight possible research directions- a) Impact of AM on value stream b) Positioning of AM on volume variety matrix c) Impact of AM on business performance. We discussed these research directions in the next section.
	The downstream SC primarily focuses on the dynamics in spare part management (Durão et al., 2017; Lambert, 2014; Li et al., 2017a; Oettmeier and Hofmann, 2016b; Sirichakwal and Conner, 2016b). Present AM-SCM domain has acknowledged research in after sales service logistics (Knofius et al., 2016), customer relation and service management (Lambert, 2014; Oettmeier and Hofmann, 2016b), return management (Lambert, 2014; Oettmeier and Hofmann, 2016b), spare parts inventory at dealers (Sirichakwal and Conner, 2016b). The research on the impact of AM on downstream SC requires the specific guidelines on the assessment of the impact of AM on customer satisfaction, service time, maintenance down time.
	Holistically, by understanding the impact of AM on supply chain and how products, information and money flows through it, SC managers would be in good position to find several inefficiencies and figure out how to enhance their competitiveness. However, present AM-SCM research demands the significant contributions with respect to Fund and information flows across the supply chain. Material supplier chain and inventory management models, raw material handling and carrying patterns, the shelf life of the material, demand forecast uncertainty, Data and design sharing issues, scheduling are further operation management concern required to be pondered as the future research avenues across the value chain.
	4 Future research directions
	4.1 Impact on value stream
	4.2 Positioning AM in Volume-Variety Matrix
	4.3 Impact of AM on Business Performance

	To initiate the discussion on Additive manufacturing strategy, we highlight possible research directions- a) Impact of AM on value stream b) Positioning of AM on volume variety matrix c) Impact of AM on business performance.
	According to Chen et al., (2010) a value stream consists of all the materials and information required in the manufacturing of a particular product and how they flow through the manufacturing system. The AM research illustrates its potential impact on the shortening manufacturing lead time across the value stream (Deradjat and Minshall, 2017; Holmstrom et al., 2016; Mellor et al., 2014). AM may partially or fully replace traditional tool based subtractive manufacturing processes in the value stream. Figure 2 shows three possible ways in which AM may impact value stream: (i) Complimentary view (auto components - Khorram Niaki and Nonino (2017a), Rylands et al. (2016)), (ii) Replacement view (jewelry and art work - Tripathy et al. (2016)), and (iii) Innovation view (medical applications - Deradjat and Minshall (2017), Khorram Niaki and Nonino, (2017a)). This classification is equivalent to Holmstrom et al. (2016).
	We find the complimentary view (Rapid prototyping and rapid tooling) and the replacement view (complete replacement of traditional manufacturing) prevalent in the literature. We also expect a strengthening of innovative view in near future, resulting in the manufacture of complex parts not amenable to traditional manufacturing. Researchers need to explore cases within and across these three verticals, investigating configurations and decision choices in AM implementation, similar to Choudhari et al. (2010, 2013).
	On the volume-variety matrix, Tuck et al (2008) position AM across the entire volume axis and higher side of the variety axis (Figure 3a). However, we argue that the scope of AM may be restricted to mid of mass production volume levels and may not reach to highest volume and highest variety region (Figure 3b). High volume and High variety region is considered as the manufacturing mirage (Hayes and Wheelwright, 1979). The hypothetical position at upper right portion of volume-variety would resolve the traditional trade-off between cost and differentiation. This would falsify the traditional strategy positioning theory (Porter, 1996). Additionally, this may nullify the requirement of mass continuous production systems. The mass produced make to stock (MTS) low-cost products such as soaps, pens, tyres, plastic parts, toys or in certain common products which do not require customisation would require continuing to produce with traditional manufacturing techniques. The impact of AM and its positioning on volume-variety may differ with given product context. This proposition, however, needs to be tested empirically.
	The primary focus of future investigation in AM, should be a focus on three critical questions as addressed in earlier works: i) How to leverage AM strategically? (Holmstrom et al., 2016) ii) What are the critical factors for AM implementation (Deradjat and Minshall, 2017; Mellor et al., 2014) iii) How to establish a relation between AM implementation and firm performance? (Holmstrom et al., 2016; Khorram Niaki and Nonino, 2017a).    
	On the backdrop of these critical questions, the central purpose of the AM management research would be establishing linkage of AM implementation and business performance. The impact of AM on value stream may vary with given industry sector.  AM implementation may subject to critical factors related to strategy, supply chain, technology, organization change (Deradjat and Minshall, 2017; Mellor et al., 2014). These factors are central to firm performance and competitiveness (Deradjat and Minshall, 2017; Khorram Niaki and Nonino, 2017b; Mellor et al., 2014; Weller et al., 2015).
	Present AM research lacks the context specific study on the exploration of critical factors of AM implementation and their impact on the firm performance.  We propose a conceptual framework (Figure 4) to develop study further. It contains three major constructs: a) AM implementation Factors b) Additive manufacturing capabilities in terms of cost, quality, delivery and flexibility c) Firm Performance. Future work may be developed as the context specification empirical investigation of present framework.
	5 Conclusion
	5.1 Theoretical contributions
	5.2 Managerial Implications

	The biggest challenge in supply chain management is the need to efficiently and effectively deliver ever more valuable products and services to customers (Holmström et al., 2010a). The purpose of this paper is to examine select papers on the impact of AM on the supply chain. We review 27 select papers and investigated the research status in the AM-SCM domain. This study further analyses supply chains considering Upstream, Process and Downstream aspects along with three primary flows- Goods and services, funds and information. AM is said to be transforming the traditional manufacturing and supply chain paradigm (Holmstrom et al., 2016; Holmström et al., 2010b). Hence, we need to explore the relationship between AM and traditional SCM. Therefore, we map the research issues found in the AM-SCM domain in the following matrix.
	Multiple possibilities exist in future research directions in the AM-SCM domain. We initiate need of leveraging AM for the competitiveness with the need of developing additive manufacturing strategy. Along with these points, Customer engagement, mass customization aspects, and technology considerations are some of the relevant areas of future research in addition to the issues cited in this paper.
	Present AM research lacks insights on the linkage of AM with firms’ competitiveness and how AM technology will significantly improve supply chain dynamics. Although AM revolutionises manufacturing technology, firms tend to adopt it with caution. Additive Manufacturing Strategy needs to evolve, which may help practitioners in following ways: 1) To develop competing priorities, 2) To assist in structural and infrastructural decision choices, 3) To develop manufacturing capabilities which differentiate a firm. By understanding the impact of AM on supply chain and how products, information and money flows through it, SC managers would be in good position to find several inefficiencies and figure out how to enhance their competitiveness.
	Despite these research directions, we state the following key limitations of this study- a) We restrict the scope of literature to the AM-SCM domain. The overlapping literature from manufacturing management or operation management literature is not included in the present literature analysis. b) The paper selection, classification and analysis is the manual process and may involve researchers’ bias. Future work may involve bibliometric analysis of select research to understand various research themes, authors from the AM-SCM domain and their interrelation.
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