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IMPLEMENTATION CHALLENGES OF THREE-DIMENSIONAL PRINTING
(3DP) IN MEDICAL DEVICE MANUFACTURING SUPPLY CHAINS

Kamrul Ahsan
RMIT University, Australia

Shams Rahman
RMIT University, Australia

Abstract
Purpose of this paper- The aim of the study is to investigate the implementation
challenges of 3DP and explore the level of difficulties in overcoming these challenges.

Design/methodology/approach- We develop a conceptual model by employing the
technology-organisation-environment-cost (TOEC) based framework of technology
adaptation (Yeh and Chen, 2018; Baker, 2012, Tornatzky and Fleischer 1990). To identify
and prioritise the implication challenges of 3DP manufacturing, we conduct case study
interviews with 3DP experts. The participants of this research are senior executives of 3DP
product firms, and 3DP research and development experts.

Findings- Analysis reveals that the critical implementation challenge categories are
predominantly technology (production), and cost related. The major challenges are related
to quality of products in terms of surface finish, standard, strength and colour.
Furthermore, requirement of new skills in designing the products and cost of raw materials
are found to be major challenges.

Originality/Value- This research contributes to both manufacturing management and
advanced manufacturing literature. Through literature review this study develops a
framework to conceptualise implementation challenges of 3DP manufacturing.

Practical implications- This research will help guide firms using 3DP for manufacturing
to identify challenges in implementing 3DP.

Research Limitations -This study is conducted from the one manufacturer’s and two
research and development organisation perspective. Therefore, further investigation is
necessary for other manufacturer involved with 3DP.

Keywords: 3DP, Implementation challenges, Supply chain management.

INTRODUCTION

Three-dimensional printing (3DP) is additive manufacturing based digital technology
where products are manufactured on layer by layer basis by adding materials based on
digital 3D computer aided design file (Khajavi et al. 2014; Nyman and Sarlin 2014; Attaran
2017b). Earlier in 80’s, additive manufacturing technology has been predominantly used
to prepare moulds for casting along with preforms (Cotteleer and Joyce 2014; Attaran
2017b). Recent advancement of 3DP is ground breaking and considered disruptive with
other emerging manufacturing technologies of Industry 4.0 (Despeisse et al. 2017; Durach
et al. 2017).

Unlike traditional manufacturing, 3D printing manufacturing is a tool-less manufacturing
system (Attaran 2017b). It uses digital design of products from open/close source
(Laplume et al. 2016), utilises special raw materials, dedicated printers for manufacturing
the product at a convenient locations and suitable time. The primary advantages of 3D
printing are: rapid, customised and low cost production, minimum inventory turnover, low
to no material waste, and speed to market (Khorram and Nonino 2017).

It is being suggested that the adoption of 3DP technology shifting the current
manufacturing paradigm from mass production to mass customisation and personalisation,
and bringing manufacturing close to customer (Attaran 2017a). These changes has the
potential to transform the existing business models which may inflict striking impacts on
supply chain members such as machine vendors, material manufacturers, software
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providers, logistics operators, and research centers. Hence, it is imperative to comprehend
the effects of 3DP on manufacturing (Nyman & Sarlin, 2014).

3D printing has already adopted by some industries. Among those industries, remarkable
sectors are manufacturing of rubber and plastic products, manufacturing of non-metallic
mineral products, manufacturing of machinery and spare parts, manufacturing of jewelry,
toys and puzzels, dental and medical devices, low-turnover replacement parts and sports
items (Berman 2012; Laplume et al. 2016). The 3DP has potential and the global market
for 3DP-based business is estimated to hit $23.79 billion by 2025 (GlobalMarketInsights
2018) (Grand View Research, 2018). 3DP market in Australia is also promising. In
Australia, labour cost is very high which led many of the manufacturing offshoring.
Moreover, the country is remote from rest of the world and geographically disperse/large,
therefore international and domestic logistics costs are high, lead time is longer and
inventory level is high. 3D printing can minimise most of the existing issues of
manufacturing and can support the sector to be more affordable and competitive in the
local market. 3DP lies under advanced manufacturing and medical technologies sectors
and are the major two industries of Australian Federal government strategic priorities
(Aus-Govt 2018).

In spite of its huge potential impact of 3DP, we realise there are anticipated challenges of
implementing 3DP. Hence, our objective is to investigate challenges of implementing 3DP
and difficulties of overcoming these challenges.

LITERATURE REVIEW OF 3DP CHALLENGES

Various authors worked on identifying the challenge categories that influence 3DP
implementation. Mellor et al. (2014) suggested the factors as external force, technological
factors, organisational factors, strategic factors, operational factors and supply chain.
Attaran (2016), identified implementation challenges under broad categories such as
technology, cost, government regulation, and material. Weller et al (2015) identified
technological and economic factors of manufacturing firms are critical challenge of 3DP
implementation. On the basis of technology-organisation-environment (TOE) framework
and cost factors, Yeh and Chen (2018) further proposed TOEC model of challenges. It
appears that TOEC model previous does not emphasis the supply chain challenges related
to technology. Moreover, technology issues need further break down such as 3DP
technology itself and technology management and adaptation issues. Considering the
previous research on technology transfer and 3DP we propose the following five categories
of challenges of 3DP implementation: (i) technology (production), (ii) technology
(adaptation), (iii) supply chain management, (iv) business environment, (v) cost.

Technology (production): 3DP technology is still not well developed to use a wide
variety of raw material to produce varieties of products in faster like mass production.

Table 1: Operational definition of technology (production) related sub-challenges

Terms Brief explanation Source
Slow speed Because of the slow speed of 3DP Rengier et al. (2010),
compared to manufacturing, when it needs mass Berman (2012)

mass production 3DP is relatively slow to produce

production large volume of items

Quality of 3D manufacturing is producing products layer Berman (2012),
products by layer. Hence there are issues of surface Holmstrém et al. (2010)

finish, use of different types of colour,
product strength, printing precision, and
limited materials which further restricts 3D
printing utilization, confining it to very
particular situations.

Limited 3DP technology is still limited to use certain Holmstréom et al. (2010)
availability raw materials such as resin and plastics. This

of raw limits 3DP to make the variety of the

materials products.
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Technology (adaptation): Since 3DP is an emerging technology, there are issues in
adapting the new technology by firms, and required new skills to use the technology and
related supply chain.

Table 2: Operational definition of technology (adaptation) related sub-challenges

Terms Brief explanation Source

New skills for Due to the adaptation of new 3DP technology Weller et al. (2015),
design and in manufacturing, new skills are required in Ford and Despeisse
production the form of product design, materials (2016)

development and sourcing, and to work in
new orientation of supply chain. There is a
demand for the new skilled workforce who
can design, model, and manufacture
different products. Educating designers and
engineers about the potential uses and
benefits. Needs significant training as most
of the non-expert owners don't have a
printer (home printing).

3DP is basically an implementation of new
manufacturing technology which needs
firms’ capabilities of digital infrastructure to
use of CAD software, as well as digital
imaging technology to produce goods

Infrastructure Yeh and Chen (2018)

readiness

Supply chain management: The supply chain of 3DP is considered as a demand chain
and is consisted of processes such as plan and acquisition of design or images, post-
processing of images by Computer-Aided Design (CAD), sourcing raw materials,
manufacturing of 3DP products, and finally delivering the product to customer. 3D printing
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). 3DP has the potential to change
the tradition supply chain structure of manufacturing firms. As a challenge of future
growth, firms need to redesign and establish relationship with the new supply chain
partners in new digital business environment.

Table 3: Operational definition of supply chain management related sub-challenges

Terms Brief explanation Source
Last-mile New manufacturing technology is bringing the Mckinnon
delivery manufacturing near to the point of consumption. (2016),
design/planning Thereis a tremendous decrease in transportation Manners-Bell
of finished goods which will change the existing and Lyon
distribution system, hence new last-mile delivery (2012)

design is required

Organisational Business organisations are not ready yet to Yeh and Chen
readiness adopt the changes necessary to implement the (2018), Liu et
3DP. Organisations need to view 3DP as a al. (2013)
strategic move and then support and deploy
resources such as top-level management
support, and technical capabilities and financial
resources.
Supply base 3DP production technology is changing the Waller and

reconfiguration

existing supply chain structure of raw materials
sourcing and supply. The raw materials are only
consumed at downstream supply chain, mostly
purchased items will be raw materials and CAD.
The digital raw materials chain (source digital

Fawcett (2014),
Berman (2012),
Kietzmann et al.
(2015)

24th ISL Wiirzburg, Germany, 14th - 17th July 2019



design) will create disruption in traditional part
supply.

Business
relationship

Because of new supply chain structure, business
relationship between the supply chain partners
are changing and need to re-establish.
Integration and relationship of activities across
designers, makers, and movers of goods, digital

(Campbell et al.
2012)

platforms will have to be established.

Business environment: Consideration of the business environment of 3DP is important
to implement the new technology. There needs to have relatively sufficient market demand
for 3DP products, to regulate the piracy or intellectual copy right issues government policy
and regulation should be in place, and lastly, a healthy market competition is required for
3DP implementation. Details of the business environment related challenges are shown in

Table 4.
Table 4: Operational definition of business management related sub-challenges
Terms Brief explanation Source
Regulatory Consumers can purchase designs from online Long et al. (2017),
issues market and then build products at home. No Schniederjans and
control on personalisation and printing could result Yalcin (2018)
in easy access to the products such as firearms,
weapons etc. This freedom introduces challenges
of counter freight products, making illegal
products, and there will be issues of intellectual
property rights of design.
Competitive Competitive pressure positively influences the Srai et al. (2016)
pressure start of 3DP business. Influenced by competitive
pressure to deliver customised goods and services
some firms are forced to implement 3DP.
Market The market for different types of 3DP services has, Rogers et al.
readiness not yet stabilized, with frequent market entrances (2016)

and exits. Moreover, customers are not ready yet
to choose for a 3DP products when they have other
alternatives.

Cost: Cost of production is an impeding factor for the success of 3DP implementation.
Business organisations still reconsiders the fixed costs of printing services, raw materials
cost and cost of high volume of products. The summary of the cost related challenges is
shown in Table 5.

Table 5: Operational definition of cost related sub-challenges

Terms Brief explanation Source
Production 3DP takes time to produce a large volume of Long et al. (2017),
volume products hence for mass production the 3DP Berman (2012)

related cost

facility is still not cost effective

Printer cost

3D printers are an expensive investment.
Hence, the cost of investment is high for small
quantity of products

Long et al. (2017),
Huang et al. (2013),

Cost of raw The raw materials used by 3DP are much more

material

expensive than their conventional
manufacturing equivalents. Materials for 3DP
manufacturing ‘can be 53 to 104 times more
expensive than plastic materials for injection
molding.

Huang et al. (2013),
Wohlers and Caffrey
(2013)
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Figure 1: A conceptual framework of 3DP challenge-categories and sub-challenges
METHODOLOGY AND RESULTS

This study employs the analytic hierarchy process (AHP) methodology for analysis. AHP is
a multi-criteria decision making approach that helps in breaking down a complex,
unstructured situation into components in hierarchical structure (Saaty 1990). There are
three main construction steps of AHP: hierarchy construction of criteria, compilation of
decision-makers’ opinions, and synthesis of normalized priority weights and consistency
verification (Saaty 1990). Considering the features of the AHP approach and nature of our
research problem, we find AHP an appropriate method for identifying critical challenges of
3DP implementation.

Case study and respondents

To prioritize the implications challenges of 3DP and to find the level of difficulties to resolve
the issues, we conducted case study interviews with 3DP experts in the field. We
investigate three case studies and conduct structured interview with the 3DP experts of
each case.

Participants of these case organisations are selected by using a purposeful sampling and
snowballing techniques. Selection of respondents were based on their position, current
role in 3DP, work experience and background knowledge. We visited websites of
organisations related to 3DP, identified key professionals and approached them though
telephone, email and LinkedIn. Upon confirmation of their participation, prior to the
structured interview we sent the AHP questionnaires to participants to give a prior idea of
the interview questions. After approaching several potential participants, we confirmed
interviews with three participants.
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Case 1 is an independent R&D organisation conducts research and support local industries
through 3DP related services. The organisation is servicing industries such as mining,
medical device, sports, defence, and providing 3DP services such as R&D and printing
services. The organisation is involved in 3DP related activities for more than 10 years.
Case 2 is a manufacturing organisation in Victoria, Australia. The organisation is involved
in 3DP business for more than four years and serving the sports industry through 3DP
design, R&D, and printing services. Case 3 organisation is a tertiary research institute
based in Melbourne, Australia. The organisation conducts additive manufacturing and 3DP
related research to manufacture high value complex products for the mining and medical
device industry for more than 9 years.

Respondents of the above three cases are manager (case 1), engineering director (case
2), and technical director (case 3) of 3DP product manufacturing and research and
development organisations in Melbourne, Australia. Respondents requested to keep their
identity anonymous. The work experience of these executives varies between 15-37 years
in the field of manufacturing and 4-9 years in 3DP.

Identification of critical challenges using AHP

We develop a two-part questionnaire for data collection. First part of the questionnaire
focuses on collecting respondent demographic information and their organization profile.
Second part of the questionnaire is based on the Analytical Hierarchy Process (AHP)
framework (Satty and Vargas 1990) where respondents will be asked to pairwise compare
the challenges and impacts within five attributes: equal (scale 1), moderate (scale 3),
strong (scale 5), very strong (scale 7), and extremely strong (scale 9). The data collection
procedure using the AHP methodology lasted over 60 minutes for each respondent.
Following AHP we rank critical impacts and challenges of 3DP. The process of AHP involves
three steps:

Step 1- Identification of key challenges and AHP structuring: The first step involves
identification of key challenges for 3DP implementation. We considered five major
challenge-categories and 15 sub-challenges for implementation of 3DP (shown in Figure
1). In this study, the problem was structured as goal (Levell), challenge-category (Level
2), and sub-challenges (level 3) at three hierarchical levels (see Figure 1).

Step 2- Pair-wise comparison of challenges and determination of local priorities
of sub-challenges: In this step, challenges in each level are compared pair-wise in terms
of their importance to a challenge in the next higher level. The scale used for pair-wise
comparisons in AHP is called a one-to-nine scale and is based on five attributes equal
(scale=1), moderate (scale=3), strong (scale=5), very strong (scale=7), and extremely
strong (scale=9). We asked participants to judge the relative importance of the five major
challenge-categories, and sub-challenges under each category. In total six matrices were
generated: one for challenge-categories at level 2 and five for sub-challenges at level 3 of
the hierarchy.

Local priorities of sub-challenges under each challenge-category are determined by
considering only level 2 and corresponding 3 challenges. In this step of the AHP, the
preference matrices generated were translated into the largest eigenvalue problems. Next,
eigenvalues were solved for unique and normalised vectors of weight to criteria in each
level of the hierarchy. Following this process, we generated the local priority weights of
respondents for each of the challenge categories and sub-challenges. The results of the
local priority weights for each case are shown in Table 6.

The calculated relative priorities of sub-challenges are discussed for each challenge
categories. For example, under the technology (production) category, R&D and
manufacturing organisation consider quality of product is a major challenge, tertiary
research institute considers slow speed compared to mass production is a major challenge
of implementation. Under the supply chain management category, all the respondents
consider organisational readiness is a major challenge. Regulatory issues (government) is
the main challenge under the business environment category. For the technology
(adaptation) all the respondents consider new skills for design and production is a major
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challenge. Lastly, under the cost, the critical sub-challenges are cot of raw materials and
production volume related cost.

Table 6: Local priority weights of sub-challenges

Case
Challenges/Sub-challenges R&D 3DP Tertiary
organisatio service research
n provider institute
1. Technology (production)
1.1 Slow speed compared to mass
production 0.201 0.066 0.594
1.2 Quality of products (surface
finish, standard, strength, colour) 0.730 0.785 0.249
1.3 Limited availability of raw
materials 0.060 0.149 0.157
2. Technology (adaptation)
2.1 New skills for design and
production 0.900 0.900 0.833
2.2 Infrastructure readiness 0.100 0.100 0.167
3. Supply chain management
3.1 Last-mile delivery
design/planning 0.049 0.047 0.062
3.2 Organisational readiness 0.584 0.616 0.400
3.3 Supply base reconfiguration 0.101 0.196 0.207
3.4 Business relationship 0.266 0.140 0.331
4. Business environment
4.1 Regulatory issues (Government) 0.637 0.333 0.731
4.2 Competitive pressure 0.258 0.333 0.081
4.3 Market readiness 0.105 0.333 0.188
5. Cost
5.1 Production volume related cost 0.189 0.053 0.594
5.2 Printer cost 0.120 0.474 0.249
5.3 Cost of raw material 0.691 0.474 0.157

Step 3- Determination of critical challenges and consistency of judgements: In
the third and final step of AHP, the overall weights of the challenges are determined by
aggregating the local priority weights throughout the hierarchy. The AHP analysis also
provides a direct measure of consistency of judgment elicited by the respondents or
decision makers. Saaty (1990) demonstrated inconsistency ratio (CR) as the degree to
which decision-makers adhere to the rank order specified and measures the extent to
which an established preference is kept. A CR<0.1 is considered acceptable (Saaty and
Kearns 1985). Based on AHP principles and using the Expert Choice® Software we
calculate the overall CR of the model for each respondent’s judgement, CR with respect to
the goal. For each respondent, global priority weights are calculated with respect to goal
by synthesizing all the weights and relative priorities of second and third hierarchy level.
Details of respondent’s judgment CR, global priority weights of sub-challenges are
presented in Table 7.

From Table 7, it appears that critical challenge categories of 3DP are related to technology
(production), cost, and business environment. Respondents of two case organisation (R&D
organisation and 3DP service provider) ranked technology (production) as the most critical
challenge category. Cost is considered as another important challenge category,
respondent from tertiary research institute considers cost as the most critical challenge
and 3DP service provider considers cost as second most important challenge. The
judgements for the three cases are consistent with CR < 0.1.

Considering the overall priority ranking of sub-challenges for three respondents, R&D
organisation ranked top four sub-challenges as: quality of products, new skills for design
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and production, slow speed compared to mass production, and regulatory issues. 3DP
service provider considers top four sub-challenges as: quality of products, new skills for
design and production, cost of raw materials, slow speed compared to mass production,
and printer cost. From the global priority of tertiary research institute respondents, top
four sub-challenges are: production volume related cost, regulatory issues (government),
printer cost, and cost of raw materials. Considering all the three cases, we can conclude
that quality of products (surface finish, standard, strength, colour) and new skills for
design and production are the two top two sub-challenges of implementing 3DP
manufacturing.

Table 7: Overall priority ranking of the challenges
Level of overcoming difficulties

Case
Challenges/Sub-challenges R&D 3DP Tertiary
organisatio service research
n provider institute
CR 0.10 0.08 0.08
1. Technology (production) 0.561 0.479 0.094
1.1 Slow speed compared to mass
production 0.113 0.032 0.056
1.2 Quality of products (surface
finish, standard, strength, colour) 0.415 0.377 0.023
1.3 Limited availability of raw
materials 0.034 0.071 0.015
2. Technology (adaptation) 0.133 0.12 0.137
2.1 New skills for design and
production 0.120 0.108 0.114
2.2 Infrastructure readiness 0.013 0.012 0.023
3.Supply chain management 0.043 0.139 0.040
3.1 Last-mile delivery
design/planning 0.002 0.006 0.002
3.2 Organisational readiness 0.025 0.084 0.016
3.3 Supply base reconfiguration 0.004 0.027 0.008
3.4 Business relationship 0.011 0.019 0.013
4. Business environment 0.174 0.037 0.241
4.1 Regulatory issues (Government) 0.111 0.012 0.176
4.2 Competitive pressure 0.045 0.012 0.020
4.3 Market readiness 0.018 0.012 0.045
5. Cost 0.089 0.228 0.488
5.1 Production volume related cost 0.017 0.012 0.290
5.2 Printer cost 0.011 0.108 0.122
5.3 Cost of raw material 0.061 0.108 0.077

Overcoming the challenges and sub-challenges

We further investigate the difficulties of overcoming the challenge categories and sub-
challenges. We ask the respondents to scale the difficulties as high, medium and low
grade. In Table 8, we summarised the scales provided by the respondents. Out of five
challenge categories, all the three respondents ranked technology (production) and cost
are highly difficult to overcome. Among the sub-challenges, organisational readiness and
new skills for design and production are considered to be highly challenging to overcome.
All the respondents ranked quality of products, printer cost, and cost of raw material as
the second difficult category level (two respondents ranked them high and one as
medium).

24th ISL Wiirzburg, Germany, 14th - 17th July 2019 9



Table 8: Difficulties in overcoming challenges

Challenges/ Sub-challenges Level of overcoming difficulties
Case
R&D 3DP Tertiary
organisation service research
provider institute
1. Technology (production) High High High
1.1 Slow speed compared to Low Medium High
mass production
1.2 Quality of products High High Medium

(surface finish, standard,
strength, colour)

1.3 Limited availability of raw Medium Low Medium
materials
2. Technology (adaptation) Medium Medium Medium
2.1 New skills for design and High High High
production
2.2 Infrastructure readiness Low Low Medium
3. Supply chain management Low Medium Medium
3.1 Last-mile delivery design/ Low Low Medium
planning
3.2 Organisational readiness High High High
3.3 Supply base Medium Medium Medium
reconfiguration
3.4 Business relationship High Medium Medium
4. Business environment Medium Low High
4.1 Regulatory issues High Low High
(Government)
4.2 Competitive pressure Medium Low Medium
4.3 Market readiness Medium Low Low
5. Cost High High High
5.1 Production volume related Low Medium Low
cost
5.2 Printer cost Medium High High
5.3 Cost of raw material High High Medium
DISCUSSION

AHP analysis indicate the critical challenge categories of implementing 3DP are related to
technology (production), cost and business environment. While considering the sub-
challenges then the top critical challenges are related quality of products (surface finish,
standard, strength, colour) and new skills for design and production. Other critical
challenges are regulatory issues (government), cost of raw materials and printer cost.
Quality of products is a challenge due to the new technology related issues such as the
lack of printing precision, colors, surface finishes, stability of product parts, and limited
materials (Berman, 2012). The materials used for 3D printing (like liquid polymers, powder
comprised of resin or plaster) lacks material strength. Early adopters are experiencing the
disruption effect of new technology. Among those industries, remarkable sectors are
manufacturing of rubber and plastic products, manufacturing of non-metallic mineral
products, manufacturing of machinery and spare parts, manufacturing of jewellery, toys
and puzzles, dental and medical devices, low-turnover repair or replacement parts and
sports items (Berman 2012; Laplume et al. 2016). Plastic beads or large-sized particles
create a rough and ribbed surface. This creates an uneven and unfinished look to the end
product (Huang et.al., 2013). As the parts are created on layer by layer basis the strength
is not uniform. Furthermore, often the parts from different machines will have varying
properties (Campbell et. al, 2011).
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In the new 3DP market where the competitive landscape is rapidly shifting, dynamic
capability needs to be developed in terms of developing skills of 3DP design. To adopt with
the new 3DP technology, new skills related to new technology needed to be developed.
There are demands for the new skilled workforce who can design, model, and manufacture
different products for 3DP. Educating designers and engineers about potential uses and
benefits of 3DP also necessary (Ford and Despeisse 2016).

Cost is also another crucial aspect for the success of 3D printing. We identified an
important challenge of 3DP under cost category is high cost of raw materials. Unlike other
manufacturing process, 3D printing uses raw materials such as plastics, alloys and resins
that are readily available from small number of vendors (Waller & Fawcett, 2014).

CONCLUSION

This study proposes the 3DP implementation challenge framework based on TEOC model.
Furthermore, using AHP methodology through case study interview, we identify critical
challenges of implementing 3DP. Among the major challenge categories, technology
related to production is critical. Respondents perceived that it will be highly difficult to
overcome the quality issues soon. It is expected that 3DP technology would continue to
improve this challenge related to quality. For a new technology such as 3DP more research
and development is necessary to improve the quality of the product in terms of precision,
strength and aesthetic view. Second important challenge category is business
environment. Market demand for 3DP products is not enough for sustainable business.
Moreover, government policy and regulation should be in place to stop piracy or intellectual
copy right issues. Capability or lack of skills are also hindering the implementation of 3DP.
Organisations need to be equipped with new skills and dynamic capability needs to be
developed in terms of developing skills of 3DP design, running the manufacturing
operations. This research employed case study interviews with a limited sample. Further
research may employ either case study method with higher number of case studies or use
survey technique with a large sample size.
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Abstract

Purpose

Matching supply with demand is the primary concern of supply chain management.
Uncertainty in demand, however, is detrimental to performance as it leads to cost in the
form of backorders, low capacity utilisation and avoidable inventory. This paper
investigates the value of adopting Additive Manufacturing (AM) technology for the
performance, and flexibility as a performance-related metric, of a supply chain with
uncertain demand, taking into consideration the cost of inventory and backorders.

Design/methodology/approach

This paper implements an inter-process comparison by simulating a supply chain based
on data collected from a plastic products manufacturing company that produces pipe
fittings using injection moulding technology. The used dataset was combined from
company information and AM specific data form the University of Nottingham. The
investigated simulation model is built for both scenarios, with AM and with injection
moulding, using the Arena software package.

Findings

By incorporating the cost of inventory and backorders, injection moulding still showed
lower unit cost compared to AM. While AM exhibited higher levels of supply chain flexibility
both in mix and new product introduction, injection moulding presented higher volume
and delivery flexibility.

Value

This paper addresses a gap in current knowledge by systematically examining the value
of employing AM in mass manufacturing environments with uncertain demand. These
findings will shed light on the broader benefits of AM adoption by investigating its impact
in a wider supply chain context

INTRODUCTION AND LITERATURE

One important aspect in the managing of supply chains is the matching of supply and
demand. As recent research has shown, the costs of both holding large amounts of
inventory and not being able to fulfil orders due to insufficient inventory, referred to as a
‘stockout’, must be carefully traded off (Christopher, 2016). As demonstrated by
Donaldson (1977), this trade off can be managed with a strategy of optimisation in
environments where demand is certain and deterministic inventory management policies
are employed. The contrasting situation occurs if demand is uncertain: in this case, it is
likely that excess inventory and stockouts lead to relatively high costs. Such costs are
effectively the result of a binary decision to either produce in batches or not to produce at
all. Hence, they are driven by the logic of economies of scale in which average unit costs
decrease as the produced quantity increases by spreading fixed costs across higher
production volumes (Zipkin, 1986).

The concept of economies of scale has been challenged recently through the emergence
of Additive Manufacturing (AM) technology, also referred to as 3D printing in a wide range
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of industries including automotive, aerospace, jewellery and pharmacy (Ben-Ner and
Siemsen 2017). As a process that does not require dedicated tooling, such as moulds,
cutting implements or dies, there are no tooling costs that are amortised over production
runs (Weller, Kleer and Piller 2015). This has led to claims that in AM, average unit cost
does not benefit from an increase in total production quantity.

To establish the feasibility of adopting AM technology in commercial manufacturing
applications, it is normally necessary to compare the unit costs of AM against conventional
manufacturing technologies (Tuck et al., 2008). Such comparisons are frequently
constructed as break-even analyses contrasting the unit cost functions of AM and
conventional manufacturing. This has allowed researchers to identify quantity-thresholds
beyond which conventional tooled processes are more cost effective than AM for a given
product (Ruffo et al., 2006). In comparisons of the cost performance of AM against
injection moulding, which is one of the most widely adopted technologies in mass
manufacturing of polymer components, two broad scenarios have been proposed to
establish the commercially feasibility of AM. First, Mellor et al. (2014) have shown that
where production runs are limited to small quantities, AM adoption might be beneficial
from a unit cost perspective due to the absence of sunk tooling costs. Second, Sasson and
Johnson (2016) proposed that AM forms a cost effective approach in applications in which
demand is volatile and infrequent. In such cases, AM and conventional manufacturing
systems can be run alongside each other, with conventional technologies used to serve
predictable and regular order flows and AM being used to cater for volatile demand
elements resulting in irregular orders. The spare parts industry, for instance, has been
suggested as a production environment in which AM is proven to be cost effective (Liu et
al., 2014) due to demand uncertainty and low order quantities.

Traditionally, the costing literature distinguishes between two types of manufacturing
costs (Son, 1991): well-structured costs incurred through predictable aspects such as
material purchases, machines and operators, and ill-structured costs which are hard-to-
predict costs arising from aspects such as quality, process failure and inventory. Although
a considerable body of literature investigates the performance of AM in terms of well-
structured cost models (e.g. Ruffo et al., 2006) few AM cost models include ill-structured
cost variables (e.g. Baumers and Holweg, 2016). Baumers and Holweg (2016) have
argued that realistic cost models should be used as a basis for the statement of cost-
quantity relationships in AM and should reflect ill-structured elements. To date, no studies
have addressed the cost effectiveness of AM in mass production environments while
accounting for inventory-related costs and the opportunity costs resulting from stockouts.

This article is therefore in line with the move towards increased realism in the investigation
of the commercial aspects of AM through the inclusion of the cost impact of inventory and
stockouts. This is further supported through a complementary investigation of the effects
of supply chain flexibility. As discussed in the supply chain literature, supply chains that
face demand uncertainty benefit from being more responsive (Fisher, 1997). To measure
such responsiveness, the flexibility of the supply chain has been suggested as a core
performance metric (Reichhart and Holweg, 2007) while cost is characterised as a market
qualifier (Roh, Hong and Min, 2014). To address these issues, this paper develops an
extended cost model including inventory carrying, order and stockout costs and employs
it in a simulation approach featuring uncertainty in demand. Additionally, this paper applies
four flexibility metrics to the model to evaluate the flexibility yielded through the adoption
of AM in mass production environments.

This paper is organized as follows: Section 1 describes the research methods. Section 2
presents the findings. Section 3 presents and discusses the results reached. The final
sections presents as summary and lists identified limitations of this study.

METHODOLOGY
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An inter-process comparison between AM and injection moulding is constructed by
simulating a supply chain based on data collected from a plastic products manufacturing
company that produces pipe fittings in Saudi Arabia. In a preliminary step, the products
manufactured by the company were surveyed and data on the demand for each product
was collected. The demand volatility level, known as Coefficient of Variation (CV), was
estimated using the method proposed by Olhager (2003) to establish the level of volatility
in demand faced by each product. Following this assessment, one product with a CV value
in excess of 40% (based on the threshold value identified by Halawa et al., 2017), was
chosen for the study. The selected product is a PVC Pipe tee joint 34" as shown in Figure
1.

26,7
212

29

212
26,7

58

Figure 1: CAD drawing of the part selected as a case study: Pipe tee joint 34” (dimensions in mm)

Pertaining to this product, additional process time and cost data were collected, including
changeover durations and lead-times. The specified cost model is based on the structure
proposed by Atzeni et al. (2010) for the comparison of polymeric AM versus injection
moulding. Additionally, a set of historical sales data have been collected from the host
company for a period of 49 months.

The simulation models

In the following step of the investigation, the system behaviour of the supply chain of the
host company was simulated using the Arena software package (version 15.1). Based on
the information provided by the company, a basic process model for the current production
line using injection moulding was specified, as summarised in Figure 2. In this process,
the company initially receives orders from customers which are either rejected or accepted
based on the availability of sufficient stock in the inventory. If accepted, an order is
processed and shipped. If the order is declined, the process ends with no additional action
taken. New production activity is initiated on the basis of inventory data using a continuous
review inventory model. The stated inventory reorder point is 11,600 parts with a target
stock of 13,800 parts.

Order
processing

Order available
in inventory?

Reorder point Target inventory

reached?

Stop
preduction

Shipping >@

Figure 2: Flowchart of the current supply chain configuration of the manufacturing company

Production

reached?

Update inventory
data

Through its continuous review inventory model, the host company implicitly takes into
account demand and market characteristics. Where a quantity in excess of the currently
available inventory level is requested by the customer, and hence cannot be served out of
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existing stock, the customer will usually contact competing companies motivated by the
long lead-time needed to fulfil the order. Due to a normal level of capacity utilisation of
the available injection moulding equipment, resulting from the manufacture of products
featuring predictable and continuous demand, the lead time for the production for other
products exceeds two weeks in most cases, which is deemed too long for a reactive Make-
to-Order approach.

The collected historical sales data were used to specify an inter-arrival time-quantity
distribution using the Input Analyzer Tool in Arena. The least square error, which is the
total sum of squared discrepancies between the frequencies in the histogram of the sales
data and those in the fitted distribution, was used to select the type of distribution best
representing the collected data. This resulted in time between arrivals that follows a
Weibull distribution while demand volume with each arrival is represented by a Beta
distribution.

The following step in the investigation was to construct a corresponding process model for
the AM pathway. As shown in Figure 3, the replacement of the conventional injection
moulding process by AM technology significantly altered the structure of the model. Based
on the maximum expected demand, five AM machines were allocated in the simulation to
ensure the availability of sufficient machine capacity to cover the investigated demand
levels. The AM system selected for this simulation is the EOS P770 system, which is a
polymeric laser sintering system featuring a relatively large nominal of build volume of
700 mm x 580 mm x 380 mm (EOS GmbH, 2019). Using the total build time estimator
proposed by Ruffo et al. (2006), the time required to manufacture a full build of the
investigated product is estimated at 30 hours for each build. A raster-type model of build
volume packing was used to estimate that each AM build could accommodate a quantity
of 1,400 units of the tee joint at full capacity. Since activity-based cost models of this type
require the statement of a depreciation period for the AM system, it was possible to
simplify the overall modelling approach by setting the simulation time span and the
depreciation periods for both the injection moulding and AM processes to 5 years (as done

by Atzeni et al., 2010).
Machines
Order. preparation and f—>»]  Production Shipping
processing warm up

Figure 3: Flowchart of the supply chain configuration with AM

Order quantity
fulfilled?

To better understand the performance of both supply chain simulations implemented in
Arena, the models were executed for a pre-specified period (five years) and an extended
period (ten years). Additional validation of the modelling approach was sought through
the review of the models and the results with the executives from the host company.

Manufacturing cost parameters

The unit cost models developed for both the AM and the injection moulding pathways are
based on the general model structure for inter-process comparisons proposed by Atzeni
et al. (2010). The material used to produce the part using injection moulding is PVC
procured as a feedstock at a price of €16/kg. Since PVC cannot be processed with the
investigated variant of AM technology, laser sintering, the corresponding material
employed in the AM supply chain is a Nylon 12 type material (PA2200) procured at a cost
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of €54/kg. The part volume of the product shown in Figure 1 is 2.27 cm3. Due to the
characteristics of proposed AM technology, sacrificial support structures are not needed in
the AM route and degraded raw material is the only form of waste. Labour costs entered
the AM pathway in the form of direct cost of €0.23/part. The purchase price for each AM
system (EOS P770) is estimated at €668,475, based on Hasan (2017), with assumed
useful life of five years (as stated above). A depreciation cost of €133,695 per year
therefore has been estimated in this study following a straight-line depreciation technique.

For the injection moulding pathway, the most significant cost element is the tooling
expense, estimated by the host company at €30,000; this cost was amortised over the
manufactured quantity. The tooling features four mould cavities, allowing the concurrent
processing of four units in the moulding cycle, with each moulding cycle taking 74 seconds
to complete. The operator cost per part for injection moulding, arising as a direct cost, is
€0.009/part. The injection moulding machine (Haitian MA 5300) price is estimated at
€110,000 with assumed service life of five years. This results in a depreciation cost of
€22,000 per year.

Inventory, order and stockout costs

The total supply chain cost model was obtained by combining the manufacturing cost
estimate with three additional elements: inventory costs, order costs and stockout costs.
An order cost estimate of €44.22 per order was obtained from interviews with operations
managers in the host company. It is assumed that the order cost is identical for both the
AM and injection moulding pathways. An inventory holding cost estimate was obtained by
applying an inventory carrying cost factor of 0.25 reported in the literature (Brolin, 2015)
to the manufacturing cost estimate. Finally, the stockout cost incurred by the company is
modelled as an opportunity cost incurred via profit loss resulting from unmet orders. Thus,
the total supply chain cost was established using the following model:

Total supply chain cost = Inventory holding cost + Inventory order cost + (1)
Inventory stockout cost + Manufacturing cost

Flexibility metrics

To assess the impact of AM adoption on flexibility characteristics alongside estimates of
unit cost, this paper investigates four relevant flexibility metrics (Reichhart and Holweg,
2007). These are: mix flexibility, volume flexibility, delivery flexibility and new product
flexibility. This section briefly introduces each.

1. Volume flexibility
Volume flexibility can be defined as the range of possible manufacturing volumes a
company can produce in response to demand. Based on this, Beamon (1999) characterises
volume flexibility (#) as the probability of the quantity demanded being within a certain
interval:

<0 min—D 0 max — 5) (2)
Pl——— < —

Where D represents the instantaneous market demand as a random variable with an
approximately normal distribution with mean D . Om» denotes the minimum profitable
production volume a company can produce in specific period of time and Omax refers to the
maximum profitable production volume within the same period. For both supply chain
models it is assumed that profitability is constrained by the maximum time a customer
can wait, which is estimated at two weeks based on the information provided by the host
company. Using this metric, a high value for F, represents a low degree of volume
flexibility, and vice versa. In both supply chain scenarios D was set to 3,240 parts with a
standard deviation of 7,530 parts. Additionally, Omax for injection moulding was estimated
at 134,400 parts and at 78,400 parts for AM. Omnwas estimated at 200 parts for the
injection moulding route (based on the minimum possible quantity a customer can order
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from the inventory) while 1400 parts was assumed to be the minimum order for the AM
route to ensure adequate capacity utilisation.

2. Mix flexibility
The concept of mix flexibility represents the range of different product types that can be
produced throughout a specific period of time. This aspect can be captured by considering
the changeover time as a metric. The mix flexibility, hence, was calculated for each supply
chain model by linking it to the changeover time 7; from product family /to product family
J, which basically represents the set up time in this study. Mix flexibility therefore is
estimated as follows (Beamon, 1999):

3. Delivery flexibility
The main purpose of the delivery flexibility metric is to reflect the ability to shorten a
production lead-time to accommodate rush orders. Therefore, delivery flexibility is
expressed as the share of slack time in lead-time. The delivery flexibility metric proposed
by Beamon (1999) is based in the assumption that the supply chain produces more than
one product, which is not the case in this model. Therefore an adapted delivery flexibility
equation is used:

Fp= % (4)

where L is the due time (or last possible time to deliver the product) and F£is the earliest
time the product can be delivered. As specified in the above, a two week maximum lead-
time window is assumed.

4. New product flexibility
The flexibility of new product, £, measures the ability to add new products to the current
manufacturing processes. This can be reflected using Beamon’s (1999) model, in which ¢
refers to the cost required to add new product to the system:

RESULTS AND DISCUSSION

The execution of the models of the injection moulding and AM pathways in Arena allowed
the estimation of manufacturing quantities for each technology. The injection moulding
model estimates the production of a total of 378,841 parts in the investigated 5 year
period. For the same time period, the AM model predicts a total production quantity of
239,400 parts. Despite all orders being met in the AM route (unlike the injection moulding
route), our model suggests that the overall output of the AM supply chain is lower than
that of the injection moulding supply chain in four out of five years. The main explanation
for this result is that in the injection moulding model initiated is initiated for batch
production. This leads to the accumulation of buffer inventory, while with AM only ordered
quantities are produced.

Table 1 compares the main model results for both pathways occurring over the
investigated five-year period. As can be seen, the model suggests that the overall output
quantity of the injection moulding pathway is larger (378,012 units) than the quantity
generated in the AM pathway (239,400 units). Additionally, injection moulding benefits
from the amortisation of tooling expenses across the manufactured volume of products,
leading to a lower manufacturing unit cost of €0.78 versus €2.06 in AM. We note that the
observed cost level is broadly in line with the cost performance reported by Atzeni et al.
(2010). As per the model specification, inventory and stockout costs do not occur in the
AM pathway - the model suggests, however, that these costs are not great enough to
outweigh the manufacturing cost advantage of injection moulding, as shown by the total
supply chain unit cost estimates of €2.07 for AM and €1.03 for injection moulding. The
model thus indicates that, on a cost basis, the conventional injection moulding route is
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more attractive than the adoption of AM, especially if it assumed that the sales price for
the investigated component is independent of the used technology.

Table 1: Comparison of cumulative model results after five years

Model element Unit | Manufacturing | Moulding
Production volume pcs 239,400 378,012
Manufacturing unit cost per part € 2.06 0.78
Total manufacturing costs € 418,069 295,440
Inventory holding costs € - 14,080
Order costs € 2,122 1,724
Stockout costs € - 78,861.10
Total supply chain cost € 420,191 390,105
Total supply chain unit cost € 2.07 1.03

Further insight into the performance of both technologies is obtained from comparing the
estimation of the four supply chain flexibility metrics (i) volume flexibility, (ii) mix
flexibility, (iii) delivery flexibility and (iv) new product flexibility. As evident from Table 3,
the supply chain employing injection moulding shows greater volume and delivery
flexibility with 65.6% and 92.8% compared to 59.6% and 91% for AM, respectively. This
is due to the existence of buffer inventory in the injection moulding supply chain which
gives the ability to fulfil orders with volume as low as 200 and instant shipping of parts
from the warehouse. This is unlike the AM route which requires at least 30 hours of
production to process any order. AM, on the other hand, shows lower changeover time
and cost of new product introduction to the system, which is indicated by the greater mix
and new product introduction flexibility. This is explained by the lack of tooling that
characterises AM.

Table 2: Comparison of the flexibility metrics

Flexibility metric Unit a‘;""i::,‘;‘zturing L“gﬁf;:g;

Volume flexibility % 65.6 59.6

Mix flexibility h 0.33 5

Delivery flexibility % 92.8 91

New product flexibility € 0 30,000
CONCLUSIONS

The model constructed for this investigation is based on the assumption that the adoption
of AM in place of injection moulding permits the elimination of some supply chain costs,
including the opportunity costs resulting from stockouts. Despite this cost reduction, the
total supply chain costs estimated in this paper suggest that the lower unit costs of
injection moulding (chiefly the result of the amortisation of tooling expenses and hence a
form of economies of scale) make injection moulding a more cost effective process.

As such, this investigation yields insight into the relative magnitude of supply chain costs
compared to manufacturing costs which has been ignored in previous cost models of AM.
On a general level this shows that inter-process comparisons of the commercial
performance of different manufacturing processes can be made more realistic by including
such aspects. Especially if the differential in pure manufacturing cost is smaller than in the
investigated case (€2.06 versus €0.78), order costs, carrying costs and stockout costs
may form a decisive part of the overall case for or against the adoption of AM.
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In the supply chain literature it has been emphasized that managing manufacturing
systems should incorporate flexibility as a core objective along with cost and productivity
(Slack, 1983). The results of this study provide some tentative quantification of these
aspects. Despite the current narrative about AM, an AM supply chain without inventory
seems to be relatively ineffective in responding rapidly to different demand volumes.
However, due to the lack of tooling, AM provides more flexibility in producing a wide range
of products and in introducing new products to the system.

This paper would be incomplete without a brief appreciation of its limitations. First, the
model of stockout costs is limited in that it ignores aspects such as the loss of goodwill for
instance (Schwartz, 1966). Second, the manufacturing company will in reality cater for
different types of customers, including stockists and wholesalers, which was ignored in the
model. Had this diversity been taken into account in the simulation, different outcomes
related to flexibility measures might have been observed. Third, from a technical point of
view the paper is limited in that it assumes that the two investigated processes and their
materials can simply be interchanged. This ignores knock-on changes in post processing
and quality assurance which are likely to affect the overall adoption rationale.
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Abstract

Purpose

The successful digital transformation requires employees to be sensitized to innovations
and to take them along on the path of organizational change. New technologies can only
develop their full potential if the employees, as process experts and essential interfaces,
are integrated into the design of the digitized processes. According to an empirical study
by ZIEMENDOREF, the causes of resistance are less to be found in rational decisions than
in emotional aspects of "fear", "shyness", "helplessness"”, "inertia", "anger" and "power",
which are increasingly attributable to insufficient participation of people in processes of
change (cf. ZIEMENDORFF 2009). The digital transformation therefore needs an integrated
management that considers technological and IT process innovations in equal measure,
as well as the changing role of employees and the associated development of the entire
organisation. (HENKE et al. 2018)

Design/methodology/approach

The paper presents the approach of designing a discussion space with a haptic
demonstrator as the core, as an acceptance catalyst for change processes in the company.
The demonstrator pursues the approach of creating a haptic interface between the digital
and analog world on the one hand and between employees and planned future work
processes and objects on the other.

The demonstrator concept "haptical" was already developed in the science year 2018 for
science communication and showed first successes in stimulating constructive discussions
based on an example of intralogistics. In this example, the information flows between the
autonomous machines in the Internet of Things, which will shape the working world of the
future, were visualized via intelligent objects that determine their position in space, via
corresponding projections in the environment of the real objects in a virtual environment.
The research approach is to transfer this concept to the participation processes in
corporate transformations.

Findings

First application scenarios of the demonstrator have shown that this interactive way of
presenting future scenarios for working environments promotes the active critical
examination of this scenario and stimulates constructive and creative suggestions as a
transfer of the experience knowledge of the employee to the future situation.

Technology integration scenarios are often supported by laboratory environments in which
the technology is usually made available to employees for the purpose of learning to try it
out. In digital transformation, which is characterised by changes in the provision of
information, work processes and interaction with automated or even autonomous
machines, such processes have so far not been modelled in a way that can be touched
and experienced. The depiction in virtual spaces is slowly gaining relevance in practice,
but here the discursive contribution of a group is already technically excluded. The WING
project (BOES et al. 2017) shows first results which show the keys for an acceptance-
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promoting effect of innovation spaces as a physical realization of the participation
possibilities of the employees in transformation processes.

Value

The paper presents the technical possibilities of the demonstrator concept and explains
the scenario already realized. The question to what extent the already indicated experience
gained with comparable approaches from VR and technology-focused laboratory
environments can be transferred is discussed and possible application scenarios described.

Research limitations/implications

In future case studies with companies, the aim will be to prove the acceptance catalysing
effects. As a practical implication, however, the positive effect of internal discussion and
laboratory environments in transformation processes on the acceptance by employees and
their active participation can already be derived from this state of the investigations.

INTRODUCTION AND PURPOSE

The successful digital transformation requires employees to be sensitized to innovations
and to take them along on the path of organizational change. New technologies can only
develop their full potential if the employees, as process experts and essential interfaces,
are integrated into the design of the digitized processes. According to an empirical study
by ZIEMENDOREF, the causes of resistance are less to be found in rational decisions than
in emotional aspects of "fear", "shyness", "helplessness", "inertia", "anger" and "power",
which are increasingly attributable to insufficient participation of people in processes of
change (cf. ZIEMENDORFF 2009).

This impairment for the transformation process exists first and foremost when resistance
takes place undercover and no appropriate handling of barriers takes place because the
causes are not clearly recognisable.

In this context, the emotional acceptance of transformation processes is described as the
central problem. This usually leads to resistance on the part of the employees concerned
during the transformation process.

The most common form of resistance here is the hidden resistance (CACACI 2006).
Therefore, in the context of organisational transformation and learning, the anticipation of
barriers is demanded in order to be able to deal with resistances by means of suitable
measures in such a way that the learning of employees in organisations as well as the
further development of the entire organisation is positively influenced (ZIEMENDORF
2009).

The most frequently stated reasons for barriers to change relate both to the emotionality
and attitude of the employees and to the type of internal project management, with the
emphasis on aspects of a participative project approach and the communication structure.
In this respect, a participatory project approach is almost unanimously considered to
promote change. Communication is a decisive factor in ensuring continuous transparency
about concrete process changes. This primary importance of communication can also be
found as a prerequisite for organisational learning. In theory, this results in optimal
conditions for the implementation of change projects as well as the successful
implementation of process change in organizations in a logistical environment. However,
these theoretically optimal conditions are no guarantee for a smooth course of the project
in operational practice. Rather, dealing with a multitude of possible resistances is part of
the everyday practice of change projects. This once again shows that people are the central
drivers of change.

The digital transformation therefore needs an integrated management that considers
technological and IT process innovations in equal measure, as well as the changing role of
employees and the associated development of the entire organisation. (HENKE et al. 2018)
The paper presents the technical possibilities of the demonstrator concept and explains
the scenario already realized. The question to what extent the already indicated experience
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gained with comparable approaches from VR and technology-focused laboratory
environments can be transferred is discussed and possible application scenarios described.

“"HAPTICAL” DEMONSTRATOR

The paper presents the approach of designing a discussion space with a haptic
demonstrator as the core, as an acceptance catalyst for change processes in the company.
The demonstrator pursues the approach of creating a haptic interface between the digital
and analog world on the one hand and between employees and planned future work
processes and objects on the other.

The demonstrator concept "haptical" was already developed in the science year 2018 for
science communication and showed first successes in stimulating constructive discussions
based on an example of intralogistics. In this example, the information flows between the
autonomous machines in the Internet of Things, which will shape the working world of the
future, were visualized via intelligent objects that determine their position in space, via
corresponding projections in the environment of the real objects in a virtual environment.
The research approach is to transfer this concept to the participation processes in
corporate transformations.

Technical development

Basically the technological development of haptical is based on the technology of HTC (HTC
2019) and Valve (VALVE 2019). Under the brand name HTC Vive ©, these companies
distribute virtual reality glasses with corresponding sensor technology, which enables an
indoor positioning system (IPS) with accuracy to the millimetre. The principle of this IPS
is adapted within the scope of haptical in a self-developed system. The base stations and
the corresponding sensors, which are also applied in HTC Vive, are used to create "smart
objects" with the help of a 3D printer. The base stations generate an infrared signal which
can be evaluated with the use of the sensors and analyzed for exact position
determination. The computing capacity for this is guaranteed by an Arduino MKR1000.
Specially developed for IoT applications, this microcontroller already provides necessary
functions such as WLAN connection, battery electronics and digital inputs and outputs. The
program code was developed with the Arduino development environment distributed by
the microcontroller manufacturer.
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Figure 1: Schematic representation of the demonstrator

The integration of the electronics into individually produced 3D-printed objects leads to
"intelligent objects" which are necessary for the realization of a haptic interface to digital
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and complex scenarios. In contrast to existing solutions, this approach works with infrared
based sensor technology, while others use image recognition software or ultrasound for
position determination. The precise position calculation opens up completely new
possibilities and ways of interaction. That can be used, for example, to interact with virtual
content on a table using a (beamer) projection (see figure 1). Thus, a tangible and yet
digital interaction environment is made possible which, for example, displays information
or material flows via a projection in real time and reacts to the changes in position of the
intelligent objects.

Realized Scenario

Through the integrated electronics in individually configurable 3D models in combination
with indoor localization technology, a degree of interaction with simulation environments
is hereby accomplished, which is implemented in this form for the first time. Haptical can
create a significant added value, especially in the representation of complex information,
since the human stimulus system is addressed extensively by physical components and
thus an enhanced environment promoting interaction is created. For the implementation
of a first demonstrator, a scenario in the field of warehouse logistics is developed (see
figure 2).
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Figure 2: Implemented scenario for executing tasks in a warehouse

Generally, the scenario is based on a warehouse layout with incoming and outgoing goods,
a control center and several racks. The main objective of the scenario is to move the goods
correctly to and from the storage area with as little effort as possible. There are three
different levels:

Level 1: The player uses the smart object to control a forklift truck. He gets new orders
from the control center, such as to store goods in a certain rack. If the order is accepted,
the player first manoeuvres his forklift truck to the goods receiving area to pick up the
goods. The goods are then transported to the appropriate rack coordinate. Errors can occur
here, such as when a previously advertised rack space is already occupied. In this case,
the player must first drive back to the control station in order to report the error and be
assigned a new rack space.

Level 2: In addition to the tasks and conditions from level 1, the player is now supported
by autonomous transport systems. The autonomous system takes orders on its own,
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stores and retrieves them automatically, but does not interact directly with the player.
This can lead to conflicts, e.g. when autonomous systems block the shortest transport
route because there is no communication with the player.

Level 3: In addition to levels 1 & 2, an interaction between the player and autonomous
machines is now possible. For example, the autonomous transport systems detect errors
in the allocation of racks, so that the player does not need to drive to the rack to store
goods if the system has detected an already occupied position. In addition, information
flows are visually displayed in order to provide the player with maximum transparency in
autonomous (machine) communication. The behaviour of the autonomous systems (such
as recharging, certain routes) can thus be better understood by humans. The interaction
with the systems also makes it possible to highlight the supporting effects.

FINDINGS

First application scenarios of the demonstrator have shown that this interactive way of
presenting future scenarios for working environments promotes the active critical
examination of this scenario and stimulates constructive and creative suggestions as a
transfer of the experience knowledge of the employee to the future situation.

Technology integration scenarios are often supported by laboratory environments in which
the technology is usually made available to employees for the purpose of learning new
processes or to try the technologies out. In digital transformation, which is characterised
by changes in the provision of information, work processes and interaction with automated
or even autonomous machines, such processes have so far not been modelled in a way
that can be touched and experienced. The depiction in virtual spaces is slowly gaining
relevance in practice, but here the discursive contribution of a group is already technically
excluded. The WING project (BOES et al. 2017) shows first results which show the keys
for an acceptance-promoting effect of innovation spaces as a physical realization of the
participation possibilities of the employees in transformation processes.

In order to fulfill the purpose of an acceptance catalyst, the technological demonstrator
environment must show the planned changes in the concrete corporate environment. The
planned target state of the work area must be virtually represented with a focus on the
work process of the employees and the interaction processes with the technology. In this
way, the change of the work process can be experienced through the haptic interaction
with the physical intelligent objects in connection with the virtual representation of the
new work environment.

The demonstration environment must be actively used for discussion within the company.
For this purpose, different workshop rounds with the employees directly affected by the
planned change can be arranged. But also other employees who are not directly affected
should be able to use the demonstrator and make suggestions and raise concerns. The
demonstrator thus becomes an integral part of internal communication, and thus of the
change process, and should be designed accordingly. In the workshops, the objective of
the digital transformation of the company should be clearly communicated and a real
opportunity for employees to participate should be offered. Active participation in the
change processes and the planned use of technology can directly address and weaken the
aforementioned barriers to change among employees. On the other hand, the process
knowledge available to the employees who execute the processes operationally can be
integrated into the planned future workflows and point out further optimization potential.
The haptic demonstrator serves as a basis for discussion but also for understanding the
future work process which is experienced. This way, employees already uncover work
steps and special cases that have not been taken into account during the planning phase
and reduce later correction loops or even misinvestments.

Several rounds of workshops are necessary to integrate the employees into the change
process and to promote acceptance. On the one hand, workshops are limited in their
number of participants. On the other hand, the planned future working environment
develops further with the concretisation of the planning. It is of course crucial that the
comments, suggestions and concerns of the employees from the workshops are taken up
and if possible and practical considered. Therefore, it is essential that those responsible
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for planning participate in the workshops. The demonstrator is thus constantly evolving
and becomes an image of the company's digital transformation process. The employees
can thus get used to the future processes and the barriers to change are further reduced.
The field of application of the demonstrator is therefore not limited to logistics, but it is
especially the overall understanding of processes, which is very important in logistics, that
can be promoted with a representation of cross-departmental order processing processes.
A great potential of digital transformation lies in the continuous digital support of processes
that integrates new technological developments such as autonomous systems or artificial
intelligence. Thus it can be useful and necessary to illustrate a scenario of the future work
process, which affects several departments. Thus, the responsible persons from these
departments should of course also participate in the workshops. In this way, in addition
to the acceptance of digital change, cross-departmental cooperation can also be promoted.

RESEARCH IMPLICATIONS

In future case studies with companies, the aim will be to prove the acceptance catalysing
effects. As a practical implication, however, the positive effect of internal discussion and
laboratory environments in transformation processes on the acceptance by employees and
their active participation can already be derived from this state of the investigations.
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Abstract

The southern African mining industry has faced many trials in recent times, with
decreasing profit margins due to declining commodity prices and increases in critical cost
drivers (Mining Weekly, 2018; Crowley & Biesheuvel, 2017). Profits have been further
affected by loss of production due to augmented mining regulations that increase the
frequency of production stoppages (Mining Weekly, 2013), which cost the sector
approximately R4.8 billion in 2015/16 (Lead to Business, 2016). This has placed pressure
on mines to contain costs to improve or just maintain their profit margins in a depressed
market (Deloitte, 2017; Frost & Sullivan, 2017). As mines concentrate on profitable
production (PwC, 2017), there is an increased focus on the reliable supply of cost-effective
input materials such as explosives. Cost is a large determinant in the choice of explosives,
thus cost leaders are bound to have a greater market share (Crowley & Biesheuvel, 2017).
The decreased profitability in the southern African mining sector, compounded by
increased competition in explosives supply, has created a need for better supply reliability,
cost containment, and general customer service quality to increase organisations’
competitive edge. Not only are explosives an element of the cost of production, but the
timely supply of explosives has a direct impact on the production output of a mine and
therefore profitability. Both the cost and quality of service delivery are therefore important.
Given demand and supply issues such as remote mining sites, sporadic demand, limited
storage capacity at the mines and regulations that limit the delivery of explosives, this
study seeks to determine the impact of the explosives supply chain’s performance in
servicing mining customers and to describe how explosives suppliers can use the
information to improve their competitive position. The explosives supply chain was
selected as an industry that is highly regulated, has high risk operations and is very price
sensitive, thus providing where even small risks are likely to have large performance
impacts and thus, major customer service implications. Thus the study assessed the
effects of reduction of supply chain risk elements to increase supply chain performance to
improve the customer service experience. While various studies explore supply chain risk,
supply chain performance and customer service in isolation, this research aimed at
creating a framework which links these to illustrate the cause and effect relationship of
risk to supply chain performance.

LITERATURE REVIEW

Globalisation has amplified competition in the marketplace (Daultani, Kumar, Vaidya &
Tiwari, 2015) and altered customer behaviour (Caridi, Moretto, Perego & Tumino, 2014;
Lockamy & McCormack, 2004). Customers are now more demanding (Yu, Xiong & Cao,
2015), expect lower prices, faster responsiveness (Varzandeh, Farahbod & Zhu, 2016) and
are no longer satisfied with mediocre service delivery, as substitutes are readily available
(Kalaiselvi, 2016; KPMG, 2016; Efros, 2015). This leaves companies with a dilemma of
differentiating themselves from the rest (KPMG, 2016). Researchers have found that there
is limited competitive advantage that can be derived from cost strategies (Naoui, 2014)
and technological differences (Kulyk et al., 2017) as they can be replicated by competitors
over time. Thus, many have opted to differentiate themselves by enhancing the value to
the customer (KPMG, 2016; Varzandeh et al., 2016), which is derived from the
optimisation of the various elements in the supply chain (Yu et al., 2015). Risk and
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uncertainty can however greatly affect the performance of the broader supply chain
(Sreedevi & Saranga, 2017) and, thus, the customer’s experience (Patil et al., 2012).

Supply chain risk and uncertainty

Supply chain risk refers to any activities that can hinder the company’s supply chain
performance (Patil et al., 2012) and lead to reduced financial performance and reputation
(Sreedevi & Saranga, 2017; PwC & MIT, 2013). Reducing uncertainty in the organisation
necessitates understanding the root cause inherent in each area (Manuj & Mentzer, 2008).
Typically, there are four key sources of risk. Globalisation has introduced lower-cost
suppliers and improved technology that allows a firm to reduce input costs and focus on
its core competencies (Myerson, 2017; Lui, 2012), but implies increased risk (Kumar et
al., 2010) due to longer supply chains (CIPS, 2016), higher levels of complexity (Li et al.,
2017b; Rangel et al., 2015), and increased vulnerability to exchange rate fluctuations and
natural disasters (Chen et al., 2013; Kumar et al., 2010). Sourcing risk is defined by
Kumar et al. (2010) as the deviance in the supply of goods in quantity, quality, or time,
which results in an incomplete order. Operational risk is defined by Chen et al. (2013) as
a mismatch of supply and demand due to failed processes, therefore the failure of one
supply link may affect the efficiency of another supply chain partner(Daultani et al., 2015).
Outbound logistics is defined as the processes used to move and store products and the
necessary information flow from production output up until the end customer (Paragon
Films, 2015). According to Jones (2008), customers do not have tolerance for goods or
services that are not delivered on time, thus outbound logistics play a critical role in
customer satisfaction. Demand uncertainty is where customer behaviour is unpredictable
(Negahban & Smith, 2016) and manifests as a fluctuation in product mix and order
quantities (Daultani et al., 2015). An underestimation of demand may lead to lost sales,
while overestimation leads to surplus inventory (Daultani et al., 2015; Kumar et al., 2010).

Customer service and satisfaction

Philosophically, customer service is achieved by the whole organisation committing to
ensuring customer gratification with superior customer service. Since the prevailing driver
of corporate endeavours is top management commitment (Barve, 2011), management
needs to buy into the customer service philosophy in order to ensure buy-in from the rest
of the organisation. Customer satisfaction is a key measure as it dictates whether
customers will return. When a company falls short of meeting a customer’s expectation,
this influences the retention of the customer and future purchasing behaviour (KPMG,
2016). Continuously exceeding expectations by the supplier may equate to customer
loyalty (Adil, Ghaswyneh & Albkour, 2013; Nguyen, Chaipoopirutana & Combs, 2011).

Supply chain performance models

Service quality is a measure to determine how well the customers’ expectations are met
(Ghotababadi, Feiz & Baharun, 2015; Yarimoglu, 2014; Adil et al., 2013; Gupta & Singh,
2012). Offering a good quality service is a strategy that will ensure that any organisation
continues to compete successfully in the market (Adil et al., 2013; Ramseook-Munjurrun,
Lukea-Bhiwajee & Naidoo, 2010) as it will have the ability to attract new customers, retain
existing customers, develop relationships, reduce costs, and increase market share
(Ucenic & Ratiu, 2017; Adil et al., 2013; Poliakova, 2010). Many models to measure
service quality have been created (Ghotababadi et al., 2015; Gupta & Singh, 2012). The
Grénroos model is based on the requirement that business operators understand the
perception that customers have of the services provided (Grdnroos, 1984). Two
dimensions of service are analysed; technical (the outcome) and functional (the process)
(Gupta & Singh, 2012). These perspectives are joined to form the corporate image, which
is determined by the customers’ perception of the brand as a whole (Ghotababadi et al.,
2015). The SERVQUAL model seeks to establish the gaps between customers’ experience
and the actual service quality delivered to the customer (Parasuraman, Zeithaml & Berry,
1988). Five service dimensions are measured, namely reliability, assurance, tangibles,
empathy, and responsiveness. When an organisation aims to drive certain behaviour by
regularly measuring progress or lack thereof, metrics are used. Metrics are characterised
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by being measurable, visible, easily understandable, and supporting required behaviour
(Coyle et al., 2013). Ucenic and Ratiu (2017) categorised the most used indicators of
supply chain performance into five categories, namely reliability, financial, cost
competitiveness, responsiveness and quality. Coyle et al.'s (2013) supply chain
performance metrics assess the customer service elements and corresponding metrics in
SCOR. These are reliability, responsiveness, flexibility, costs and assets. Equbal et al.
(2017) adapted SCOR risk assessment and developed performance measures for supply
(sourcing), company (operations) and delivery (outbound logistics). These measures are
grouped as effectiveness, efficiency, quality and productivity. The Aberdeen Group (2005)
identifies measures to assess supplier performance and include on-time delivery, quality
of goods/services, service capability, price competitiveness, compliance with contract
terms, responses, lead times, technical capability, environment health and safety, and
innovation. The most recurring elements in the above models are reliability,
responsiveness, quality, availability and cost competitiveness and are thus key to assess
customer service.

Supply chain performance metrics

Supply chain performance was defined by Ucenic and Ratiu (2017) as a company’s ability
to deliver the right product at the right time to customers at minimum logistic cost. Supply
chain reliability is defined as the probability that a system will perform flawlessly over a
defined period of time (Taghizadeh & Hafezi, 2012). Reliability is critical as it affects the
customer’s operations. On-time delivery (Ucenic & Ratiu, 2017; Coyle et al., 2013; Mandal,
2012; Aberdeen Group, 2005); perfect order fulfilment (Taghizadeh & Hafezi, 2012) and
process variability (Coyle et al., 2013) are typical measures of reliability. Responsiveness
is defined as the speed at which the supplier provides goods to customers and includes
flexibility, which is the speed at which a supplier responds to market changes to maintain
or improve competitiveness (Coyle et al., 2013). Process time and customer response time
are typical metrics (Ucenic & Ratiu, 2017; Coyle et al., 2013; Mandal, 2012; Taghizadeh
& Hafezi, 2012). Others are flexibility and adaptability (Ucenic & Ratiu, 2017; Taghizadeh
& Hafez, 2012) and new product development cycle time (Taghizadeh & Hafezi, 2012).
Quality relates to the quality of the material as well as the calibre of the service rendered
by the supply chain. This includes measures such as order accuracy (Coyle et al., 2013;
Ucenic & Ratiu; 2017), dependability (Coyle et al., 2013), customer service (Kulyk et al.,
2017; CIPS, 2016), quality of delivery documentation (Ucenic & Ratiu; 2017), supplier
rejection rate (Equbal et al., 2017, Ucenic & Ratiu, 2017), and innovation (Equbal et al.,
2017, Ucenic & Ratiu, 2017). Availability determines whether a required item is available
for procurement by the customer and identifies whether the required goods are always
available or if customers are given an opportunity to seek an alternative supply (Coyle et
al., 2013; Wilkins, Thakur-Weigold & Wagner, 2012). Typical elements are product
availability (Mandal, 2012; Wilkins et al., 2012) and order fulfilment (Ucenic & Ratiu, 2017;
Coyle et al., 2013; Mandal, 2012) The supply chain cost to service the customer is a large
percentage of the charged price. Some of the performance measures used to assess the
cost competitiveness consider inventory cost (Mandal, 2012; Taghizadeh & Hafezi, 2012),
product value (Ucenic & Ratiu, 2017) and the cost to serve (Coyle et al., 2013). Table 1
thus summarises all the supply chain risks found in literature with all the supply chain
performance metrics used to assess the performance of the various customer service (CS)
attributes. This model is then applied to the explosives supply chain.
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Supply chain
performance
measures

CS attributes

On-time delivery

Perfect order

Rellaplisy fulfilment

Process variability

Process time

Customer

Responsiveness response time

Flexibility and
adaptability

Order accuracy or
shipment errors

Dependability

Customer service

Customer
satisfaction

Quality

Quality of delivery
documentation

Supplier rejection

Innovation

Product value

Inventory cost

Cost to serve

Skills shortage

Product
availability

Availability

Order fulfilment

Raw
material
availability

Supply chain risk

Manufacturing

process:

. Flow & lead
time
variability

. Over-
production of
unwanted
products

. Production
capacity

Operational

disruptions:

. Set-up &
change-over
times

. Machinery
breakdown

Labour

disruptions:

. Labour unrest
/ Rising labour
cost/
Absenteeism

Waste:

. Defective/ out
of spec goods

. Excess
inventory

Outbound
logistics

Outsourcing:

. Loss of control
of service
delivery

. Poor
performance of
logistics
suppliers

Transportation:

. Delay &
logistics
capacity

. Increasing
transportation
costs

Environmental

risks:

. Infrastructure
quality

. Operational
inefficiencies

Labour relations:
. Skills shortage
. Absenteeism

Labour unrest:

. Transport
strikes,
torching

truck

Restricted
storage:
. JIT delivery

Demand and
forecasting
inaccuracy:

. Under-/over-

estimation of
demand

. Demand
fluctuation

. Late orders

. Delayed
demand
signals

. Baulking
behaviour /
Bullwhip
effect/
supplying to
distributors

Lost production:

. Rainfall

Economic

factors:

. Exchange rate
changes

. Legislation
instability

Table 1: Critical performance measures and customer service attributes

RESEARCH METHOD

This research sought to investigate the impact of supply chain risk on supply chain
performance and service delivery to explosives customers. Since little information exists
on explosives supply chains, Leedy and Ormrod (2010) suggested that, in such instances,
a qualitative research approach will help to define what is important. A single case study
was used as this research explored a phenomenon that few have considered before
(Saunders et al., 2016).

The research design was based on a critical realism philosophy, which recognises that
there is “the real” world, which is characterised by mechanisms and structures. These
result in events that may or may not occur, which is known as “the actual”. The actual is
formed from factors in the real domain that act together to formulate causal changes in
the actual domain (Clark, 2011; Easton, 2010). The actual then leads to the events that
are experienced -“the empirical”. Critical realism believes that the world is an open system
composed of simple parts in the real world. In this study, the simple parts include the
various supply chain risk elements such as forecasting and production capacity under
operation risk, demand fluctuation in demand risk, supply fluctuation in sourcing risk, and
safety stock in outbound logistics risk. Therefore “the real” is represented by the supply
chain risk elements, while “the actual” is represented by the supply chain performance,
and “the empirical” are represented by the customer service experience. A deduction
theory of development was used and this then asserts that if supply chain risk is reduced,
this should lead to an increase in supply chain performance; and if an increase in supply
chain performance leads to an enhanced customer experience; then it follows that a
reduction in supply chain risk should lead to an improved customer experience.
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To determine this, interviews were conducted with explosives supply chain experts to
determine the risks that are relevant in their supply chains. A total of 14 interviews were
conducted with respondents representing the full explosives supply chain. Respondents
comprised customers, sales representatives, supply chain experts, and explosives
production personnel. Three production persons gave perspectives of sourcing risks as
they affect production operations, as well as operational risks in the supply chain. Three
supply chain personnel provided perspectives of how operational risks affect supply chain
operations, as well as outbound logistics risks. Five sales representatives provided views
of how operations risks and outbound logistics risks affect customers’ operations and what
demand risks are inherent in the system. Finally, three customers provided information
on demand risk and perceived customer service levels. This highlighted various angles of
the explosives chain to formulate a single case study.

Semi-structured interviews were used because limited information is available about the
current state of explosives supply chains and these could ensure that data collection was
not too rigid and allowed for additional information to surface. Appointments were made
with interviewees, and questions were based on themes identified in the literature,
particularly sources of supply chain risk and uncertainty, supply chain performance and
theories on customer service delivery to determine how the elements affect practices in
the explosives supply chain and ultimately the customer experience. Data were therefore
collected through interviews and recorded on a device and later transcribed from the
recordings. Common themes were taken from all the interviews to determine the greatest
issues that customers experienced and draw conclusions about the state of the supply
chain and how the supply chain elements affect the supply chain’s performance.
Trustworthiness of the data was achieved by ensuring that perspectives from different
parts of the supply chain were obtained and compared. The sample size was also
sufficiently large to ensure that data saturation was reached. Bias was also eliminated by
checking for constancy of information from the various interviewees.

DISCUSSION OF RESULTS

Critical customer service attributes

Customer service attributes were researched and eight were found to be consistent across
the literature reviewed. These were, in order of the level of occurrence, reliability,
quality/innovation, availability, responsiveness/flexibility, tangibles, cost competitiveness,
and safety. As tangibles are defined as the appearance of the physical facilities, products,
and equipment, and this research mainly focused on the service performance of the supply
chain and not the physical products, the tangibles were included as a theme under quality,
as the physical features of interest are those that affect delivery defects, delivery rejection,
overall customer satisfaction, customer complaints, and the quality of delivered products.
A summary of the main findings of all the customer and sales representative interviews is
shown in Figure 2. This figure shows the aggregated interviewee responses for each of the
customer attributes, and the supply chain performance measures which affect them.
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Figure 4: Influence of metrics on service quality attributes

Causes of supply chain risks

According to literature, typical supply chain risks originate from four areas within the
supply chain, namely sourcing, production operations, outbound logistics, and customer
demand.

In interviews, sourcing risk was not as pronounced as in the literature. Thus, further study
of secondary data was done to ascertain whether the raw material availability was indeed
not a concern. This was done by assessing the raw material inventory and whether there
was buffer stock in the system. The five main raw materials were investigated; four of
which were found to be warehoused with a minimum three-month stock level. However,
one material was delivered on a JIT basis and was considered to a big risk. Another
material that emerged as a risk was packaging, of which there was a single supplier. A
strategy was given to use dual sourcing to reduce the risk. The old and the new supplier
are now used simultaneously and thus the risk is managed. The current sourcing of
explosives raw material is done in-house and is not outsourced, and is thus not perceived
to be a risk.

The operational and outbound logistics risk can lead to major supply chain performance
constraints. An analysis of the results shows that the following percentage of interviewees
indicated these operational risks in the production of explosives, including production
capacity (56%), production scheduling (36%), operational disruptions such as machine
breakdowns (36%), labour disruptions such as labour unrest (29%), operational risk (7%)
and introduction of new technology (7%). Production capacity was influenced by elements
such as shift duration and multiple SKUs, which cause increased time wastage (reduced
production output) in the form of change-over time and setup times. Machine breakdowns
were also identified as a major source of material unavailability. Labour unrest was a
smaller concern as there had only been three production strikes in 30 years at one of the
customers, however protests not only affected operations but also outbound logistics as
there is a safety risk of setting the trucks alight, which will cause an explosion.

Outbound logistics risks found in literature included outsourcing of the individual outbound
activities, such as warehousing and other logistics activities. Unlike the sourcing
component, which was performed in-house, some of the activities in the supply chain were
outsourced, such as transportation to remote areas. There were conflicting views from the
interviewees, which showed the varying performances from service providers. The
explosives supply chain is heavily regulated and requires many activities that cannot be
managed by a non-logistics specialist. Thus, the activities were managed better when
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executed by a good logistics service provider. Transportation capacity was also found to
be a great risk (Mogre et al., 2014) as multiple deliveries exposed the trucks to delays.
Customer demand was the last risk to supply chain performance within the scope of this
research. Demand and forecasting accuracy was cited as a risk, which includes demand
changes and forecasting errors, and the delay in demand signals, which manifested as late
orders. This is typical in the mining environment, which is plagued by changes in
production due to labour productivity, mine geographical changes, and production
stoppages due to safety incidents. Demand fluctuations were also noted as an issue that
affects stockholding and lowers suppliers’ responsiveness to orders. Lost production was
also indicated as a risk. The mines frequently plan for less than 100% production as they
often experience absenteeim and labour unrest. Other economic factors noted in the
literature, such as exchange rate changes and legislation issues were only mentioned once
in a single interview by a customer who was experiencing credit issues.

Therefore, current supply chain issues that cause supply chain risks can be summarised
as single sources of supply and JIT delivery that cause sourcing risk, production capacity
and production interruptions that cause operational risks, outbound logistics planning and
truck capacity that cause outbound logistics risk, and finally, mine demand uncertainty
and delayed demand signals that cause demand risks.

Impact of supply chain risk on supply chain performance

Reliability featured prominently in the literature as well as during the interviews. This is
due to the regulated delivery times and how the mines’ productivity relies on the on-time
delivery of explosives. Availability is another attribute that was strong in the literature and
the interviews. The availability of explosives is closely linked to reliability, as unavailability
of the product will cause delivery issues and the products will first have to be
manufactured, which causes further delivery delays. Availability was also considered
critical as customers have storage constraints at the mine, which means limited buffer
stock, thus requiring the supplier to have stock available for faster responsiveness.

An attribute that was not particularly significant in the literature and yet emerged strongly
during interviews was safety. The explosives supply chain produces and moves hazardous
material, thus safety is critical as a low levels can bring mining operations to a halt. Safety
is critical in mining; so much so that there are dedicated departments that are responsible
for mining safety and tenders are also awarded according to suppliers’ safety standards.
Quality was a key attribute in literature and in interviews. This was due to the implications
of incorrect deliveries to business operations. The packaged explosives’ concentration and
size are chosen due to the required strength of the precious metal being mined and the
rock strength. If an incorrect size is delivered, it does not fit into the holes and cannot be
used for blasting, thus is as good as a non-delivery. If a lower strength is delivered, it has
lower productivity, while a higher strength will affect the integrity of support walls, which
can cause rock falls and fatalities. Therefore, quality affects other attributes like safety.
The responsiveness attribute was stronger in the interviews than in literature. Mining
production is characterised by much uncertainty, there are constant changes in demand,
thus there is a significant need for a supplier to be responsive to the changing demand.
The cost competitiveness occurrence was similar in the literature as in the interviews.
While the customers need the costs to be competitive, the product needs to be safe first,
available, and have a reliable supply before its price is even considered.

The capability and skills shortage of the staff were not raised as a concern, although this
could have been due low knowledge levels of personnel issues as respondents are focused
on product deliveries and not the skills shortages that may be causing delivery issues.

Customer service improvement

The research also tested how supply chain performance can be improved to increase
customer service. Table 2 summarises the risks identified from the literature and
interviews and their impact on customer service. The table indicates the frequency of
occurrence from the interviews. The high (primary) risks show that more than 40% of the
interviewees indicated the element a supply chain risks. The medium (secondary) risks
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were indicated by between 10% and 39% of the interviewees. The rest were either not
indicated or there was weak feedback on those elements during the interviews.

Supply chain risks

Supply chain
performance metrics

Customer service
attributes

) o Late orders (64%) e Customer response
e Customer production . .
breakdowns e Demand uncertainty tlme_ » -
. (36%) e Flexibility and | Responsiveness
e Mining labour unrest . . ol
« Absenteeism (14%) e Forecasting inaccuracy adaptability _
(36%) e New product cycle time
e Product availability
e Raw material availability e Order fulfilment Availability
e Processing time
e Shift numbers and
duration  Production  output
e Multiple SKUs variability (50%)
e Change-over and setup | 4 production scheduling
times (36%)
¢ Machine breakdowns . .
(36%) ¢ On-time dellvery_ -
e Production labour unrest * Eerfect orde_r;%:_lfllment Ll
(29%) e Process variability
e New technology
e Truck capacity constraint | e Multiple deliveries
o Community protests (50%)
(21%) o Standing time (43%)
¢ Road conditions | ¢ Truck breakdowns
(50%) (50%)
e Customer service
e Customer satisfaction
e Quality of delivery
e Poor transport planning documentation
(21%) e Supplier rejection rate, Quality
e Skills shortage (14%) e Loading errors (36%) innovation
e Fatigued employees | ¢ Document errors | ¢ Order accuracy or
(29%) (43%) shipment errors
e Incorrect delivery | « Dependability Safety
(29%) e Safety incidences Cost
o Inventory cost
e Product value
o Cost to serve

Table 2: Relationship between measures, risks and customer service

MANAGERIAL IMPLICATIONS

Critical customer service attributes

The identified customer service attributes are critical to management as they highlight the
elements used by the customer to assess the service. This research showed that while
safety is not frequently cited in literature, it is imperative in mining as the inability to
operate safely will halt business operations. Many mines are threatened with closure as
workers believe their lives are at risk due to repeated safety incidences. Together with
compliance requirements, this implies that safety is the most important attribute and
management should ensure that their service always prioritises safe operations.
Availability was ranked as the next most important attribute as it affects reliability (which
was the top customer service attribute in both literature and interviews), responsiveness
and cost competitiveness and indirectly affects quality through reliability. The model thus
allows for the determination of those customer service attributes that are most likely to
affect the customers’ service perception, thus indicating focus areas for management
interventions.
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Supply chain performance

The selection of supply chain measures is complex, thus it is important to ensure that
performance measures are targeted at those aspects that are most likely to impact
customer perceptions. The performance measures which impact the key customer service
attributes, in this case are, firstly, the measurement of safety incidences. This will assist
management in addressing safety concerns before they affect the customer. To ensure
that the customers are not tempted to seek alternative supplies from competitors,
management should prioritise product availability and order fulfilment. This is imperative
as availability impacts reliability. This model allows for the identification of performance
measures that enhance the customer experience and therefore their retention.

Supply chain risk

Safety risks were not explored in detail in the research process, as the focus was on the
risks which hinder the supply chain performance efficiency and effectiveness. The model
can therefore be enhanced by the inclusion of this element, which is currently not
adequately covered in the literature. Availability and reliability risks were identified as
being greatly enhanced by reduced production output. In this research, the process
showed that management could improve supply chain performance by increasing shift
duration and machine capacity to increase production output and renewing machinery to
reduce breakdowns. The research also showed that outbound logistics poses risks to
reliability and dependability. Managers therefore need to assess fleet management
processes. The research process indicated that management can implement supply chain
risk management to address specific risks and ensure improvements in key supply chain
performance areas and thus critical customer service attributes.

FUTURE RESEARCH

This research is based on a single case study of a supplier that serves multiple customers.
This implies that the research is not necessarily generalizable as risks could be unique,
thus additional research is required which incorporates additional suppliers. In addition,
the research should be applied in alternative industries to determine the generalizability
of the model. This research also only includes sourcing risks from suppliers, internal risks
and demand risks from customers. However, information systems risks were not included
in the scope of the study. Further study is required which assesses how customer demand
signals can be linked to suppliers in highly regulated and volatile supply chains to allow
for more rapid responses to changes in demand. In addition to the above, the research
focused on risks identified by the interviewees when responding to the supply chain risks
which affect supply chain performance and could thus only report on perceptions. Further
research should focus on the quantification of the probability of the risk occurrence and
the impact of that risk on supply chain performance.
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Abstract
Purpose

Although there is disagreement as to the number of stages, sequencing, and progression,
literature suggests that Small/Medium sized Enterprises (SMEs) go through several growth
phases, each with distinct challenges (Kazanjian and Drazin, 1990). When such
organisations begin to expand there is typically the need for increasing formalisation (e.g.
processes, strategy, structure) (Lewis and Churchill, 1983). The Quick Scan Methodology
(QSAM) assesses the performance of an organisation’s supply chain and reflects on
maturity related factors to suggest improvements (Childerhouse and Towill, 2011).
However, QSAM has predominantly been applied to larger organisations. Hence, the
purpose is to investigate the supply chain maturity and growth phases in manufacturing
SMEs via the application of the QSAM.

Design/methodology/approach

A consolidated categorization of SME growth stages is established, and this is integrated
with supply chain maturity and QSAM concepts. We then undertake a cross case analysis
of QSAM data from three manufacturing SMEs (Naim et al., 2002). For each case, we
utilized interviews, process mapping, root cause analysis, analysis of archived systems
data, and vector scoring. Case 1 (ModuleCo) is a manufacturer of modular building
elements (70 employees). Case 2 (LiftingCo) is a manufacturer of specialist lifting
equipment (35 employees). Case 3 (TestingCo) is a producer of specialist testing
equipment (120 employees).

Findings

A framework that incorporates SME growth phases and supply chain maturity concepts is
developed. In doing so, it is possible to gather a more complete picture of how
manufacturing SME operations and supply chain develop and mature, and what is
appropriate in different phases. Growing pains identified include lead time issues, sensing
customer requirements, quality control, information and communication, and establishing
formalized procurement processes.

Value

The study adds to our understanding of supply chain maturity in the context of growing
manufacturing SMEs. By integrating knowledge relating to growth phase models for SMEs,
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the QSAM is enriched and methodological advances are made, and the understanding of
supply chain maturity in the context of growing SMEs is more complete.

Research limitations/implications
Further work is needed to explore micro/larger medium sized companies, which in turn
would increase the generalisability of the findings.

Practical Contribution

A set of practical guidelines are developed for manufacturing SMEs enabling them to
establish their current position within the growth stages framework, the potential route
forward, and general challenges that may be faced as the firm develops.

Introduction

The Quick Scan Auditing Methodology (QSAM) is a widely published (Childerhouse and
Towill, 2003; Childerhouse and Towill, 2004, 2011; Naim et al., 2002; Towill et al., 2002)
approach to assess the performance of an organisation’s supply chain, and reflects on
maturity related factors to suggest improvements (Childerhouse and Towill, 2011). It is
grounded in systems engineering tools, techniques and thinking to analyse a production
system, and uses systematic approach to consider improvements. However, QSAM has
predominantly been applied to larger organisations (Boehme et al., 2007), and in this
paper we consider its relationship to Small and Medium Sized (SME) organisations (which
form the majority of organisations in the UK). In the entrepreneurship domain, scholars
have sought to characterize and document the factors behind the evolution and growth of
firms (Kazanjian and Drazin, 1990; Penrose, 1959), notably drawing on the idea of
dynamic capabilities that evolve as forms grow (Branzei and Vertinsky, 2006; Penrose,
1959). However, there is a disciplinary interface between the Operations/Supply Chain
literature and the entrepreneurship literature, which leads to ineffective transfer and
development of opportunities between the domains (Shepherd et al., 2013). Hence, the
purpose is to investigate the supply chain maturity and growth phases in manufacturing
SMEs via the application of the QSAM. A consolidated categorisation of SME growth stages
is established, and this is integrated with supply chain maturity and QSAM concepts.

Literature Review

Stages of Firm Development and Theories of Growth

In 1959 Penrose published her landmark book, which developed a general theory of the
growth of firms, focusing on the processes leading to growth (Penrose, 1959). It
highlighted internal and external forces propelling growth, as well as the limits and
constraints to expansion. Penrose (1959) characterised the firm as a collection of physical
and human resources, which interact with ‘productive opportunities’. Hence, expansion is
partly governed by expertise in managing and acquiring resources for growth
opportunities. Management, internal resources and productive services, and opportunities,
interact in a dynamic exchange. Expansion, she argued, may also occur through
diversification, as well as acquisition and merger.

This seminal work established a key foundation for a theoretical view of the firm that
emphasizes specific capabilities and assets in the form of resources (Peteraf, 1993; Teece,
1984). This was later developed to incorporate the idea of dynamic capabilities, whereby
combinations of competences and resources, both internal and external, are ‘developed,
deployed and protected’ in response to changing environments (Teece et al., 1997).
Dynamic capabilities, however, will need to take into account life stage of a firm (Helfat
and Peteraf, 2003). The capability lifecycle is characterised by a founding stage, a
development stage, followed by a maturity stage. Once maturity is reached, then
capability progress may branch out using different approaches: retirement, retrenchment,
renewal, replication, redeployment, and recombination (Helfat and Peteraf, 2003).

24th ISL Wiirzburg, Germany, 14th - 17th July 2019 39



Stage of growth models have been developed with a view to characterizing organisational
creation and growth process. Although there is disagreement as to the number of stages,
sequencing, and progression, literature suggests that Small/Medium sized Enterprises
(SMEs) go through several growth phases, each with distinct challenges (Kazanjian and
Drazin, 1990; Lester et al., 2003; Lewis and Churchill, 1983). For example, building on
insights from the technology sector Kazanjian and Drazin (1990) propose four stages:
conception and development, commercialization, growth, and stability. Structural features
of the organization such as centralization and formalization, and functional specialization,
will change according to the stage. Centralization of decision-making was found to
decrease as a firm moved to higher stages, whereas formalization of decision making
increased in higher stages. This latter point is also supported by Lewis and Churchill, who
argue that when organisations begin to expand there is typically a need for increasing
formalisation (Lewis and Churchill, 1983). Specialization of roles in the functional areas
also increased by stage (Kazanjian and Drazin, 1990). Building on the above literature,

figure 1 summarises typical development stages.

Growth and Maturity
Expansion

Commercialisation
and Survival

Stage Inception
and Startup

Renewal

Need for
t~. Change

Product

development,
Obtaining customers
and resources, Cash
flow

Viable
System

New orgforms,
new products and
services, emphasis on
innovation

Invention, Ideas;
Prototyping,
Focus Financial backing

Volume
Production,
Functional
specialisation

Stable operating
ystem, Structure, Rules
and procedures

Figure 1: Characteristics and Challenges of Growth Stages. Synthesis based on: (Lester et
al., 2003; Lewis and Churchill, 1983)

Supply Chain Maturity and the Vector of Change Revisited: The Intellectual Foundations

The rationale and approach for the QSAM were originally articulated in Naim et al’s
(2002) paper, which focused on using the QSAM approach to determine the ‘vector of
change’ in terms of the operations and supply chain management practices. They also
explained the data collection and analysis protocols, and the key principles for the
approach: team based ethos, triangulation of data types, and a manufacturing systems
view. This was followed by the publication of a range of findings related to the QSAM (e.g.
(Childerhouse and Towill, 2003; Childerhouse and Towill, 2004, 2011).

Figure 2 summarise the intellectual foundations of the QSAM approach, and how this is
operationalized within a QSAM analysis. The first foundation is the reduction of supply
chain uncertainty. This argument rests on the assumption that uncertainty propagation
through a system makes a significant contribution to the underperformance of supply
chains, and management effort and adopting good practice can significantly and
systematically reduce it. Uncertainty in the QSAM approach is characterized through
interactions between supply, demand, control, and process system elements, and if it is
not managed effectively, there will be a ‘flywheel effect’ (Childerhouse and Towill, 2004).
Hence, the QSAM seeks to score and classify uncertainty using the uncertainty circle and
Euclidean norm scoring system (Childerhouse and Towill, 2003).
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Figure 2: The intellectual foundations of the Quick Scan Approach

The second foundation is the simplification of material flows. This builds on pioneering
work in systems dynamics and material flows to develop a set of principles to guide the
design and operation of supply chains in order to reduce complexity (Gosling et al., 2015;
Towill, 1997a). Towill (1999) further developed the principles to create a series of 12
simplicity rules to operationalise the principles, and then 24 symptoms of complex material
flow organised into dynamic, physical, organisational and process based factors. These
have been used as the basis for a complexity scoring toolbox in the QSAM approach (Towill
and Childerhouse, 2006).

The third foundation is the integration of processes across the supply chain. Towill (1997b)
proposed the seamless supply chain as a vision for all actors involved to ‘think and act as
one’. The QSAM uses Stevens (1989) model of integration as a reference framework,
moving from baseline through to external integration and the seamless ideal. Childerhouse
and Towill (2011) established a typical path for integration, starting with internal
integration, followed by upstream streamlining and then finally downstream integration.
Hence, there is a strong link with supply chain maturity running through many of the QSAM
papers. As a supply chain matures, it is expected to display uncertainty reduction,
simplification of material flows, and closer integration of processes (Childerhouse and
Towill, 2003; Childerhouse and Towill, 2011; Towill and Childerhouse, 2006; Towill et al.,
2000).

Our propositions with respect to QSAM intellectual foundations and SME growth stages are
summarised in figure 3. Through the remainder of the paper, we explore the interaction
of the QSAM intellectual foundations, and the growth stages of manufacturing SMEs.
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Figure 3: Linking the intellectual foundations of the Quick Scan Approach and SME
growth phases

Research Methods

The empirical phase of the study is based on Quick Scan activity with 3 different
manufacturing SMEs in South Wales. Case 1(ModuleCo) is a manufacturer of modular
building elements, employing 70 employees. Case 2 (LiftingCo) is a manufacturer of
specialist lifting equipment, which at the time of the QSAM employed 35 employees. Case
3 (TestingCo) is a producer of specialist testing equipment, employing 120 employees.
Data collection was undertaken in line with the QSAM approach (Naim et al., 2002),
utilizing interviews, process mapping, archival data. Data was analysed using root cause
analysis, analysis of archived systems data, and vector scoring. To capture investment
plans, we also asked each company about critical incidents that have shaped the company
and investment plans and strategies regarding the future. We then undertook a cross case
analysis of QSAM data. The specific methods for each case are summarised below:

Case 1 (ModuleCo) - A core team of 2 researchers and 2 company representative
conducted a wide range of interviews across company functions. Value stream mapping
was undertaken for 2 different product families, which was enabled by factory tours and
‘walking the process’. In depth process mapping was also conducted for customer touch
points. The team analysed Sales and Inventory data, lead time data, as well as On Time
In Full measures. Cause and effect was analysed using a fishbone diagram, and vector
scoring was undertaken by the team.

Case 2 (LiftingCo) — A core team of 3 researchers and 1 company representative conducted
a wide range of interviews across company functions. Value stream mapping was
undertaken for 1 product family, which was enabled by factory tours and ‘walking the
process’. The team analysed Inventory data, as well as On Time In Full measures. Cause
and effect was analysed using the ‘five whys’ approach, and vector scoring was undertaken
by the team.

Case 3 (TestingCo) - A core team of 4 researchers and 1 company representative
conducted a wide range of interviews across company functions. Value stream mapping
was undertaken for 1 product family, which was enabled by factory tours and ‘walking the
process’. In depth process mapping was also conducted for the entire Order Fulfilment
Process. The team analysed On Time In Full measures The team analysed Inventory data,
as well as On Time In Full measurement data. Vector scoring was undertaken by the team.

Analysis and Findings
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Table 1 summarises the current position of each of the case companies. It is possible to
see that different critical incidents have shaped the outlook of each case. All 3 cases are
at pivotal points in their growth (hence, their association with research projects).

Case 1 - ModuleCo Case 2 - LiftingCo Case 3 — TestingCo
Critical - A factory fire led to a - Market leader of a niche | - Sudden growth in
Incidents new factory, re- product, but competition | orders and demand.
organisation of replicating products. - Installation of an ERP
processes and priorities, system.
as well as new health - Company takeover
and safety procedures.
Current - Heavy investment in a | - Niche expertise starting | - Scientific/Technical
Position new technology/ to be compromised and market leadership
and process. needs to find new ways - Huge growth
Constraints | - Revisiting approach to | to compete. opportunities, but this
to Growth NPD and innovation. - Outgrowing premises leads to challenges.
- Constrained through and processes. - Experiencing lead
knowledge and people. - Difficulty meeting due times issues and
- Productivity dates and loosing big problems meeting due
constrained through customers as a result. dates.
tech investment. - Constrained through - Constrained by layout
knowledge, people and of buildings, turnover of
capacity constraints. staff, and limited and
unchanged supply
base.
- Looking at various - Planned investment in a | - Large recruitment
Investment | ways to automate new site and facilities. initiative planned.
and processes through - Range of process - Investments in new
Expansion capital investments. improvement plans. layouts and integration
Plans - Engaging with of facilities.
universities and
knowledge related
investments.

Table 1: Summary of Critical Incidents and Future Investment Plans

Table 2 also gives a summary of the QSAM focus, issues and key recommendations for
each of the QSAM cases. By comparing the individual case root causes analysis for each
case, we can identify underpinning problems across the focal companies. We identify that
all three cases experienced lead time issues as a result of a specific bottleneck or
outsourced process. Similarly, all three cases demonstrated problems in the knowledge
management. Knowledge is frequently stored as tacit know-how in experienced
employees’ heads, rather than in codified systems or processes. Access to knowledge is
typically through informal channels, and often results in difficulties where the bearer is
absent or leaves the company.

Common to all three cases was the ‘organic’ growth of production and administration
systems, and there is a lack of formalised planning systems, standard operating
procedures, defined processes or protocols. The approaches employed in our focal cases
often showed a strong correlation with the experiences of key employees; for example
production managers advocating systems they had previously employed in other
companies, or ‘local experts’ in individual departments setting up their own spreadsheets
and databases that were either inaccessible or unknown to the rest of the company. Often
IT systems in all cases had developed around particular problems, internal projects or
functions, leading to fragmented (and frustrating) patchwork of programs and data
repositories. A further related problem is that all cases experienced difficulties with
information exchange across boundaries (internal and external).
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Case 1 - ModuleCo Case 2 - Case 3 - TestingCo

LiftingCo
Focus of QSAM Customer Service and | Long & Variable Lead Meeting Order
Information Sharing Times Fulfilment
Requirements
Factors from -Managing Due dates | -Drilling Bottleneck -Component shortages
Cause and Effect and Delivery dates -Delays in -Accommodating needs
-Lack of up to date Outsourced for servicing
Information Sharing Processes -Testing/Inspection
Bottleneck
-Cross Functional and
Business Unit
Communication
Main QSAM - New customer - Move to ATO for -Re-structuring of
Recommendations | interaction processes | some products with supply base
- Strategic use of greater kitting -Functional Integration
purchasing - Detailed Layout Initiatives
- TQM initiatives Improvements - Mini project on
- New innovation - More strategic and | Testing Bottleneck
strategy, structure structured use of - New approach for
and processes pacemaker and managing servicing
supermarkets parts
- New outsourcing
options

Table 2: QSAM Focus and Recommendations

Figure 4 provides a summary of the QSAM assessments for the three cases. ModuleCo
operates in uncertain markets, and has faced significant constraints through its physical
location and industry. It is particularly vulnerable to peaks and troughs in the construction
market, as levels of Housebuilding rise and fall. It faces high levels of uncertainty through
its make to order production model and the project-by-project variation required for
customers. Despite this, it performs in line with average dynamic behaviour symptoms,
even though simplification efforts have been undertaken, the company were ranked low
relative to our QSAM benchmarks. As indicated on figure 4, ModuleCo iterates between
survival and growth, depending largely on shifts in the economic cycle.

LiftingCo has a simple product structure in comparison, based on four key variants. It
scored well in our uncertainty analysis, being much lower than average benchmarks. The
company did not score so well in our simplification analysis, ranking high against
benchmarks in dynamic behaviour symptoms and low in its simplification efforts. LiftingCo
is ambitious in its growth plans, and is in a period of ‘managed growth’. TestingCo had a
more rounded profile in our analysis. It scored in line with our average benchmarks in
uncertainty and simplification efforts. However, dynamic behaviour indicators were higher
than our benchmarks, suggesting that some improvements are possible. TestingCo is
iterating between growth and maturity phases, seeking to formalise systems and
processes, while at the same time recruit people and keep up with accelerating demand.
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Conclusion

The aim of this paper was to investigate the supply chain maturity and growth phases in
manufacturing SMEs via the application of the QSAM. In doing so, we developed a
consolidated categorisation of SME growth stages, and considered the linkages with
intellectual foundations of the QSAM. As-yet both research and exploitation of QSAM has
omitted the growth phases of firms, and so by integrating knowledge relating to growth
phase models for SMEs, the QSAM is enriched and the understanding of supply chain
maturity in the context of growing SMEs is more complete. Three case studies applying
the QSAM within SME manufacturing firms provide the basis for the empirical work.
Through the integration of concepts and models developed, it is hoped that manufacturing
SMEs are better able to establish their current position within the growth stages
framework, and so can better plan the potential route forward with their operations and
supply chain development. As a result of this research it is therefore possible to gather a
more complete picture of how manufacturing SME operations and supply chain develop
and mature, and what is appropriate in different phases. However, we recognize that to
enhance the generalizability of this work an increased number of cases would be beneficial,
both in terms of the firm size (i.e. micro and larger SME) and the position within the
lifecycle.
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Abstract

Purpose

The vehicle routing problem (VRP) is widely studied in freight transportation and
distribution fields, which aims to minimize the total system routing costs for covering
demand requests while considering the limited loading space and shipping vehicles. This
study examines the existing shipping patterns of electric power logistic networks in
Taiwan, and jointly optimizes order frequencies and shipping patterns to improve the
system efficiency.

Design/methodology/approach

Simulated annealing (SA), an improved K-means TSP approach, and other heuristic
approaches will be examined in this study, to find a suitable shipping pattern of the studied
network.

Findings

Optimal parts order frequencies and best shipping plans of the studied multi-modes and
multi-commodities freight networks will be conducted in this study, while also considering
the nonlinear-based transportation fare schemes.

Value

This paper specifies a mixed integer nonlinear programming problem for assisting electric
power system operators in Taiwan to determine the optimal electric power parts order
frequencies and the corresponding shipping plans

1. Introduction

In accordance with a series of power outage events on 2016-2018 in Taiwan, it has
been significantly affected people's livelihood and industry. Thus, the ability to make the
electric power recover in a timely manner is an important issue for the case company, one
major electric power company in Taiwan. Whether there is sufficient maintenance
materials in each branch will play a key role in whether or not it can quickly restore
electricity. Therefore, it is important and necessary to research the logistics network of
the case company.

Based on the survey conducted by National Council of Physical Distribution
Management (NCPDM), transportation costs account for an average of 44% of logistics
costs (Yan Yiru, Zhang Yizhi, 2005.) It reveals that transportation cost is significantly
higher than the cost of other logistics activities. If the transportation network is properly
planned, it will greatly reduce transportation costs, increase disruption events resilience
capabilities, and enhance the competitive advantage of enterprises. This study contributes
quantitative-based approaches and several heuristic algorithms to develop optimal
material distribution routes of the studied logistics network.

2. LETERATURE REVIEW
2.1 Methodology

There are three common categories of methodology for solving the vehicle routing
problem. One is exact algorithm. Another is classical heuristics. The other is meta-
heuristics.
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Exact algorithm is to build a mathematical model to solve the problem. It search all
possible solutions, can guarantee that the final solution is the optimal solution. It is
suitable for solving small-scale problems. P. Kabcome and T. Mouktonglang[11] build a
mathematical model to solve the VRP with soft time window ,deliver multiple types of
products.

Classical Heuristics and Meta-heuristics solve the VRP by specified logic and criteria.
The well-known classical heuristics include savings algorithm[3], K-Opt exchange
[9],sweep algorithm[5],A-interchange[10].The famous Meta-heuristics include genetic
algorithm[7,13], tabu search[1],simulated annealing[2,14].Although these two categories
of methodologies cannot guarantee that the final solution is optimal, it can get an
approximate solution in a reasonable time. It is suitable for solving the large scale problem.

2.2 Clustering first, routing second

The vehicle routing problem (VRP) has been proved as a NP-hard problem. (Lenstra
and Rinnooy Kan, 1976). As nodes increase, the computation time increases. In order to
solve this problem efficiently, decrease the total computation time, many researchers
decide to cut this complex problem into some small problems. The common simplified
method is “Clustering first, routing second”.

Boonsam et al.(2011) handle the VRP with 3 depots and 377 nodes. Firstly, an
assignment algorithm is proposed to divide the service range of each logistics centre.
According to the distance between the 377 nodes and 3 logistics centres, nodes are
assigned to the nearest logistics centre for distribution. The second part, the sweep
algorithm is used to cluster nodes for each logistics centre. Finally, establish the route with
the nearest neighbor method.

Kwangcheol and Sangyong (2011) proposed a three-stage method for solving the VRP
with homogeneous fleet. In the first stage, authors came up with a clustering method to
cluster nodes. It choose the node which is the farthest node from the depot as the first
seed in the first cluster, add the nearest node from the first seed as the second seed,
calculate the geometrical centre of a cluster, and the node closest to the cluster centre is
sequentially added without violating the limitation of the vehicle capacity. If there is a new
node is added to the cluster, it will recount the geometrical centre of a cluster. The second
phase is to adjust the nodes in the clusters. The third stage is to construct the route of
the cluster, and treat each cluster as TSP to solve.

Comert et al. (2017) also used the strategy of “Clustering first, routing second” to
solve the problem of supermarket goods distribution. In the first phase, all retail stores
are clustered by using K-means, K-medoids, and DBSCAN. Due to consider the capacity
restriction in the first phase, the problem is viewed as Travel Salesman Problem to
establish the route. Finally, compare the results of different clustering methods and find
that the target value of K-means is better.

In this paper, we also use the strategy of “Clustering first, routing second” to solve
the homogeneous/heterogeneous vehicle routing problem. A four-step method include
cluster model is proposed. We will take the solomon benchmark (RC101) for example, to
test the feasibility of cluster model. Then use the four-step method to solve the real case
problem (Electric Power Company in Taiwan ).

3. PROBLEM DECRIPTION AND METHODOLOGY
3.1 PROBLEM DECRIPTION

The logistic network of the Electric Power Company presents as a 3-level network. The
first level is warehouse. There are two warehouses in Taiwan. The warehouse A is located
in the north of Taiwan, store the heavy-weight material, and ship the heavy-weight order
to branch which is belonged to the second-level. The warehouse B is located in the middle
of Taiwan, store the light-weight material, and ship the light-weight order to branch which
is belonged to the second-level. The second-level are branches which are located in every
county in Taiwan, the number of branches are 30 .The third-level is business office which
disperse in every county, the total number of business office is around 300.Currently, the
shipment task of material from first-level to second-level is outsourcing, the shipment task
of material from second-level to third-level is shipped by the business office own vehicle.
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In this study, we focus on the material shipment work from warehouse to branches.( The
second-level to The third-level)

After analyzing the transportation data of the case company, it is found that the long-
distance distribution ratio is relatively high, and the transportation cost increases due to
long-distance distribution. Therefore, this study will adjust the logistics distribution
network from the first level to the second level and re-plan the current distribution model

to improve the transportation cost.

business business |l business il business [l business il business
officel office2 office3 office4 office5 office6

Figure3-1 the logistics network of the case company

3.2 METHODOLOGY- PROPSED FOUR-STEP METHOD

3.2.1 Divide the Service Range of Each Logistics Centre

According to the distance from the 30 number of branches to the two warehouses,
regardless of the type of materials, such as light-material or heavy-material, the material
distribution task in a certain branch is handed over to the nearest warehouse.

3.2.2 Cluster Construction

This study refers to the ideas of Comert et al. (2017) and Kwangcheol and Sangyong
(2011) to propose four clustering models to solve the homogeneous/heterogeneous
vehicle routing problem. In this part, we will just take one model to introduce.

Stepl set the vehicle type randomly
*there are separately two types of vehicle for two warehouses

Step2 choose the nearest branch as the initial seed in the cluster

Step3 add the branch that is the nearest branch from the initial seed in the step1l to the
cluster, calculate the geometrical centre of a cluster

n n
* geometrical centre of a cluster=( ZVT /K, ZVT /k)
j=1

j=1

* let Ei={v1,v2,:--,vn} » Ei stands for branches which are in the cluster i
VT , V,Y stand for the longitude and latitude of branch j separately

Step4 calculate the distance between the remaining branches and the geometrical
centre of a cluster, sort the remaining branches from short distance to long
distance, these remaining branches are viewed sequentially as candidates
of the next seed in the cluster

Step5 Check whether the demand of the candidate point plus the demand of all seeds in
the cluster exceed the capacity of vehicle or not. If it is not exceeded, the
candidate
point is taken as the next seed of the cluster; if it exceeds, the next candidate
point is continuously checked.

Step6 recalculate the geometrical centre of a cluster

Step7 repeat step4, step5, step6, until finish the cluster

Step8 choose the branch that is the nearest to the warehouse from the unclustered
branches as the initial seed of the next cluster

Step9 repeat step3~step7

Step10 repeat step8~9, until all branches have been clustered
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3.2.3 Cluster Adjustment

After finishing the second phase, it will get the clustering result. In this part, it is necessary
to check whether the total travel time plus the total service time of each cluster is exceeded
the time restriction (8 hours) or not. If it is exceed the time restriction, the cluster must
be adjusted. In order to adjust the cluster, the adjustment algorithm is proposed to solve

this problem.

i Identify whether the total travel time plus the total
par service time for each cluster is exceeded 8hours or
not No skip
Yes > to
Cluster adjustment part2
Choose the farthest branch from the warehouse in the |¢
cluster
v Yes
Check whether the total travel time plus the total
service time for remaining branchs in the cluster is
exceeded 8 hours or not

P —

Check whether the choosen
branchs are able to be add to
the nearest cluster or not

*vehicle capacity restriction

* can't violating time window

Check whether the remaining
branchs in the cluster are
able to be merged to the
nearest cluster or not

*vehicle capacity restriction

* can't violating time window

Yes

Yes

Add to the nearest cluster

Merge two clusters

Identify whether it should add the branch that is deviated
from the cluster center to the nearest cluster

*if add to the nearest cluster ,the total distance should

decrease

* can't violating vehicle capacity restriction
* can't violating time window

o

l Yes

maintain the
original result

Add the deviated branch to the nearest
cluster
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Figure 3-2 the flow chart of adjustment algorithm

3.2.4 Route Constructio

n

After adjusting the clusters, we get the clustering result that satisfies the time window,
and the capacity restriction. Due to it has considered the capacity restriction in the second
phase and the third phase, we can view the route establishment work as Travel Salesman
Problem (TSP) to establish route for each cluster.

4.RESULT

In this study, we examine the routing results of 50 nodes (i.e. one depot with 49 branches)

within the studied network.
Table4-1 the result of 4 clustering model

Clustering | Clustering Clustering Clustering
modell model2 model3 model4
the variance of load rate (%) 2.56 2.56 2.56 2.56
the variance of travel distance 378.12 378.12 441.17 441.17
average load rate (%) 66.2 66.2 66.2 66.2
Total travel distance 557.92 557.92 546.65 546.65
Number of vehicles 5 5 5 5
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Model 3 Model 4
Figure 4-1 the result of 4 clustering models
As we can see on the figure 4-1, the result of model 1 and 2 are the same; the result of
model 3 and 4 are the same. As a result of the total distance, model 3 and model 4 is
better than model 1 and model 2. Due to the similar demand of customers in this case, it
is hard to see the difference between four clustering models in this case. Overall, these
results are almost meet with our expectations: the close customer points are divided into
the same group. It proves the feasibility of these four clustering models.
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Abstract

With the presented paper, a conceptual approach for creating a co-operative and
discrimination-free Business-to-Business (B2B) retail platform is demonstrated. The
investigation of the approach highlights, which long term business- and market-success
factors can be realized by following the Business-to-Consumer (B2C) example in terms of
rapid growth due to the use of new technologies and platform solutions that meet customer
expectations and needs at its best. The retail industry, mainly in the B2C market, is
constantly adopting new technical solutions and digital services. The development of e-
commerce solutions in this context enable the rise of new transaction types and sales
channels, e.g. online-shopping platforms, that have been established successfully due to
comprehensive fulfilment of end consumer needs and offering a high convenience level.
In the B2B market, the usage of online tools, just as e-procurement applications and
advanced supplier integration has also become a common practice over the last years.
Nevertheless, in terms of adopting digital technologies that enable B2B actors to optimize
processes and to gain competitive advantage is linked to certain market-specific barriers
- mainly related to single actor’s capabilities and the complexity of buyer-supplier
relationships. Transaction cost savings that can be derived due to close cooperation within
the market would offer high potentials to reduce process complexity by additionally
creating high transparency. Major players - just like Amazon - from the B2C market have
already recognised the potential to enter the B2B market with their expertise and
capabilities to bring new solutions to the market. It is questioned, if the B2B market should
stay in the “wait-and-see” position, or to progressively counteract the loss of control that
is initiated by market leading actors of the B2C retail segment.

The decisive factor in establishing an efficient, resilient and flexible platform solution is an
agreement of existing B2B players on common goals and objectives by not losing control
or facing risks on the other hand. Nevertheless, business relations are built on “trust”,
“balanced power” and “relation quality”. Even if all actors involved benefit from a co-
operative approach, e.g. due to know-how exchange and increasing process and
transaction transparency, the development of an organizational as well as a regulatory
framework is irreplaceable. Within a status quo analysis of the B2B and B2C retail market,
the use of digital platforms and online services together with the identified transaction cost
impacts and theories of business relations are elaborated. Based on the findings, an
exemplary framework for B2B retail platform solutions is created, using the approach of
the Institutional Role Model (IRM). The conceptual approach demonstrates a basic
framework for efficient stakeholder cooperation in the B2B market. It allows to adopt to a
constantly changing eco-system. The investigations are limited to the presentation of a
conceptual approach but pave away the further elaborations of a concrete framework
construction and operation model development. with respect to new technologies. Future
research should use this conceptual framework as a basis to apply it in practice. The next
step is to address the identified stakeholders by presenting the approach.
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INTRODUCTION

Globalization and the use of digital technologies enable retailers to distribute products and
services via new channels (Gelderman et al., 2011). In this context, convenience and
transparency are significant drivers for business success. E-commerce and especially
platform solutions such as Amazon can be classified as “game changers” in consumer
behavior. Business-to-consumer (B2C) retail is in this field way ahead of the business-to-
business (B2B) market. B2C e-commerce platforms are standard practice and steadily
increase their market share (bevh, 2018). In turn, the B2B market faces a variety of
internal and external barriers, such as supply chain integration and long-term buyer-
supplier relationships. B2B retailers who want to position themselves for future challenges
need to become pioneers in the field of digitization and innovation to be able to implement
new ideas and adapt to customer requirements quickly (Spryker, 2018). The development
and use of digital technologies, such as marketplace platforms, is indispensable to stay
competitive. Additionally, new market entrants increase pressure on existing stakeholders
by entering into existing buyer-supplier cooperation in the B2B market. A suitable
infrastructure needs to be in place to provide, inter alia, flexible process structures, high
transparency, and less organizational complexity. Macro trends, such as globalization and
global interconnectedness demonstrate that the pressure on the B2B market to adapt to
the digital environment is increasing. Market leading companies such as Amazon via its
B2B marketplace platform Amazon business already identified the B2B market as new
growth potential. Dominant B2C market players enter the B2B market and have the chance
to become future market leaders. In the future, B2B retailers might lose control over their
business activities since core business activities might be under control of the action of
dominant B2C companies. Actors in the B2B retail market should be prepared to face the
newcomer threat and to improve business processes jointly. A central aspect in this
context is to eliminate challenges that are related to the enforcement of the single
participating partner’s interests, power struggles of established or dominant market
actors and newcomer integration. By implementing a co-operative, system-open and
declination-discrimination-free platform approach with a joint commitment on common
rules, a solution can be established that is adaptable in terms of disruptive occurrences
effects and adaptable for changing market conditions. The paper presents a systematic
methodological approach for the B2B platform solution. Based on a comparative status
quo analysis of the B2B as well as the B2C market, the authors identify significant
challenges and opportunities by focusing on platform solutions. In addition, a framework
for the implementation of a B2B retail transaction platform is developed using the
methodological approach of the Institutional Role Model (Schulz et al., 2011; Schulz &
Wieker, 2016).

STATUS QUO ANALYSIS

The B2B market has extensive information requirements, which need to be provided,
among other things, via the website concerning product properties or payment methods
(Zhou et al., 2018). However, larger players do not necessarily consider smaller
customers’ needs, and requirements since smaller players might not have sufficient
bargaining power. Collaboration between stakeholders via a platform pools their interest.
Furthermore, small retailers are enabled to have access to technological innovation, e.g.
to explore web technologies, and the possibility to develop their online B2B relationships
(Nieto & Santamaria, 2010). Manufacturers form an important group of supply-side
customers with longer-term potentials for the electronic marketplace (EMs) platforms due
to the internet’s disintermediation effect. However, manufacturers face serious barriers to
sell their products online, which need to be addressed by EMs. EMs might, among other
things, provide online training or offer data services to build product databases for efficient
and effective online content publishing. These services add value to the relationship and
promote customer loyalty (Wang & Cavusoglu, 2015). The ability to implement digital
transformation in a company depends on resources, skills and digital know-how and
therefore might not be conducted without external advice. This might not only be the case
for specific aspects just as e-commerce, but the general methods used and the ability to
create an agile working environment (Graf et al., 2018). In this context, it is indispensable
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to consider the digital transformation in the retail segment. New challenges arise
continuously by the introduction of new technologies about changing consumer behaviors
that force all stakeholders to adopt strategic business processes accordingly. With the
development of dedicated platform solutions, the B2B retail actors across industries should
be able to realize increasing process efficiency and productivity within a cooperative
framework. Creating trust and transparency in this context is a crucial success factor and
efficiency lever. To enhance the essential elements of the workable business network, the
B2B and B2C market characteristics are assessed, followed by a review on their effects on
operations efficiency, transaction costs and business relations.

Market Characteristics

In table 1, characteristics have been identified to delimitate B2C and B2B market. While
the B2B market targets a smaller number of larger customers, B2C market provides
products and services to end consumer. Therefore, B2B market delivers products and
services as part of the value chain and involves a wide range of stakeholders.
Consequently, purchasing processes comprise of highly complex buying sequences with
larger transactions and consecutive processes. In the B2B market, the value proposition
focuses on a technical proposition and incorporates a significant component of economic
value (Lilien & Grewal, 2012).

Characteristics Business-to-Consumer Business-to-Business
(B2C) (B2B)

Supply Chain Section Market to end of chain Market to value chain

Value proposition Perceptual proposition Technical proposition

Value added Value in brand relationship Value in use, quantifiable

Customers Large customer segments Small number of customers

Transactions size Smaller-unit transactions Large-unit transactions

Transaction type Transaction linkage Process linkage

Sales process More direct purchase Complex buying sequences

Decision-Maker Consumer decides Web of decision participants

Table 1: Key differences between B2B and B2C markets (adopted from Lilien & Grewal,
2012, p. 4)

The use of payment methods in e-commerce is one example reflecting the differences in
the status of digitization between B2B and B2C market. The B2B market has not yet
adapted towards up-to-date payment methods, as checks still have a market share of 51%
of B2B payments executed worldwide (AFP, 2016). Changing the internal organization is
one of the major challenges due to the complex manual and established processes that
have existed for many decades. In turn, the B2C market already uses solutions based on
new technologies for example via mobile payment or wearable. In the B2C retail market,
the use of new payment methods increases significantly and thereby replaces traditional
payment types, just as cash and checks (Statista, 2019). B2C e-commerce has mostly
grown up to an ecosystem, which involves current stakeholders and created new shopping
concepts. The development has been significant since Book Stacks Unlimited launched the
first online marketplace in 1992. Revenue of the German B2C e-commerce has grown from
€1.1bnin 1992 to € 48.9 bnin 2018 (HDE, 2018). B2B e-commerce is still lacking behind
the B2C market in terms of development and growth. The “Contractual-Relationship
Dominant” condition is an established framework, which describes how developed
companies sell products and services to each other in industrialized countries. The BuyGrid
model (Robinson et al., 1967) has proven to be adequate during the last five decades.
However, the environment in which the B2B market is working has changed due to, inter
alia, demographic change in the professional field of buyers. More than half of all B2B
buyers are younger than 34 years old and millennials have grown its share in the B2B
market from 27% in 2012 to 46% in 2014 (Snyder & Hilal, 2015; Spryker, 2018). As the
new generation of employees in the B2B market has grown up with digitization media
usage patterns differ respectively. Grewal et al. (2015) recommend an update to the
BuyGrid model since they observed the increase of buyer-seller interdependence. Various
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stakeholders have recognized opportunities in the B2B e-commerce industry and pay extra
attention to realize early mover advantages. One of the first marketplaces was established
in 2012 by Amazon, with the launch of Amazon Supply, which solely featured the so-called
order fulfilment service. In 2015, Amazon Supply was replaced by Amazon Business,
which is a platform for B2B e-commerce, offering additional drop shipping. Retailers and
manufacturers need to focus on how, when and where their customers shop and optimize
the user journey instead of solely focussing on a comprehensive product catalog (Spryker,
2018). By using the B2C e-commerce market as a model, the B2B market can close the
gap to meet customer needs and business partner related requirements.

B2B Transaction Costs

B2B transaction costs for electronic integration and digitalization have not been
investigated sufficiently, as most articles are published about 10 to 18 years ago, mainly
deal with the implementation of Electronic Data Interchange (EDI), the potentials of online
marketplaces and using the web for B2B transactions to realize transaction cost savings
(Garicano & Kaplan, 2001; Berthon et al., 2003; Bunduchi, 2008). The review of B2B
transaction cost effects, therefore, is limited to the definition of costs and savings
potentials related to digitization of B2B transactions. The presentation of measurable
effects at this moment is not included, as the framework conditions since then have
changed significantly and the available data and related effects are not likely to be
representative for the B2B market status quo. The role of EDI will evolve but demands a
business process redesign, as, by the time of their study in 2002, the role of EDI is limited
to localized applications (Mukhopadhyay & Kekre, 2002). Their future projection,
therefore, can be applied to the high potentials, which are ascribed to the various
application areas of web-based services and online platforms accordingly. Paviou (2002)
in this context states, that institution-based structures and inter-organizational trust are
an indirect driver for transaction success in B2B marketplaces. The efficiency leverages
linked to financial success (benefits) considering the significant types of transaction costs
and how the internet (or the Web) affects transaction cost savings are presented in Table
2. Internet-based solutions might realize cost saving potentials as outlined in Table 2,
which demonstrates one benefit the digitalization of business processes.

Cost Type Impact

Search Reduced time effort for ordering products, services, solutions and potential
Costs buyers and suppliers, e.g. via search engines.

Information Learning more about products and product availability.

costs

Bargaining Replacing individual negotiations by intelligent agents who act on behalf of

costs customer or online bidding systems, which can cut bidding processes.
Decision Comparative websites facilitate the decision on suppliers or products.

costs

Policing Online ordering and billing allow buyers to check statements in real time.
costs

Enforcement Chat lines, bulletin boards and on-line media facilitate the enforcement of
costs contractual rights at low costs by "making suppliers listen”.

Table 2: Types of transaction costs and effects of the Web (adopted from Berhton et al.,
2003)

Nevertheless, the integration of electronic services and applications, just as mobile
payment, requires business processes and structures to be redefined considering
stakeholders of the value chain network. This can only be achieved if all relevant market
participants have a common agreement on process development and integration. It is not
a question of whether electronic integration into B2B processes is beneficial and profitable
for each party, but how processes can be designed and executed to achieve long-term
increases in efficiency and profits. To answer this question and to develop a suitable
approach, theories of business relations and their impact on performance are examined.
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Theories of Business Relations

Regarding the uncertainty of online transactions, digitalization forces market actors to
create institutional structures that support inter-organizational exchange relation. By
reviewing the literature on business relations, the impact factors “relationship quality,
power, trust and transaction costs” have been identified as being most likely to influence
the decision of B2B actors to strengthen inter-firm cooperation. The relevance of
relationships in various forms also besides standard business contracts like joint ventures
or supply agreements is addressed. Beside those, networks and cross-sector partnerships
are of high relevance when it comes to relationship forms as an instrument for creating
and maintaining competitive advantages (Goélgeci et al., 2018; Parmigiani & Rivera-
Santos, 2011). Three aspects - power-based behaviour, relationship quality, trust -
represent a set of impact factors that influence efficient interactions and transactions
within the B2B retail supply chain environment. All aspects are closely linked to each other,
whereby it can also be assumed, that relationships are shaped by the status of power and
trust. Furthermore, firm’s behaviors and strategies are based on power effects, the risk of
being affected by the partner’'s capabilities and perceived power symmetries or
asymmetries (Bastl et al., 2013; Nyaga et al., 2013; Tate et al. 2013). Some firms are
then focusing on demanding conformance and others strive for balanced power and the
engagement of partners for cooperatively facing problems and finding solutions. The
interplay of both reactions then is shaping supply chain relations (Hingley, 2005). To be
able to realize efficient co-operations between all stakeholders in B2B online retail,
conceptual approaches need to eliminate or at least lower barriers, e.g. the negative
effects on relationships that occur when partners are enforcing power as a form of a control
mechanism which on the other way around negatively influences trust and relationship
quality. Therefore, Institution-based structures help to create inter-organizational trust
and transaction success (Pavlou, 2002). Finding a suitable methodological approach for
the creation of efficient platform solutions can be a starting point for eliminating negative
effects on business relationships and thereby enable efficient cooperation of partners along
the supply chain.

METHODOLOGICAL APPROACH: THE INSTITUTIONAL ROLE MODEL (IRM)

The Theory of the Institutional Role Model is applied to ensure efficient coordination of the
involved actors with their different interests (Schulz, 2011; Schulz & Wieker, 2016). In
the following the investigation scope and methodological background of the IRM approach
will be presented and will then be applied on the example of B2B retail for creating a
conceptual framework for cross-sectoral and cross-industrial transaction platform. For the
development of a workable platform solution, besides the identification of the major actors
and stakeholders it must be identified, which actors in context of the “action system” (e.g.
individuals, company divisions or as a whole) are capable and willing to take over specific
economic and technologic roles, that are fulfilled with respect to the “regulatory system”
(Schulz & Wieker, 2016). Based on the presented IRM approach (Figure 1), a 360°
assessment (self-assessment, partner assessment, and expert assessment) is used to
identify the partner specific role perception. The evaluation is conducted by all partners
(actors) involved. The rating scheme ranges from (1) Partner is not capable of taking over
the role to (5) Partner wants to or should take over the role, as the partner has a
competitive advantage or unique position in this field (Schulz & Wieker, 2016). Considering
the theoretical background on business relations and their effects on profitability of market
actors and the business segment, the IRM approach is regarded as one suitable solution
for the development of an efficient, co-operative B2B network with common objectives
and strategic alignment for achieving a consistent and workable solution.
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Figure 5: The Institutional Role Model Approach (Schulz, 2015, p.93)

To be able to evaluate the economic feasibility of the presented approach, an assessment
of role performance related to the capabilities of institutions as “role owners” must be
conducted. Performance represents an important evaluation criterion, as not only internal
but also external economic effects are caused by actions taken by single actors in the
business environment. The suggested evaluation criteria are presented in Table 3.

Operability of the process: An actor’s willingness to take over a certain role,

which can be identified and clearly defined. The execution of actions hereby

depends on the actor ‘s capabilities.

Cost efficiency: An essential part of the economic assessment is to distinguish

between static efficiency and dynamic efficiency effects.

Transaction Cost Saving: An increasing efficiency of processes within the

Internal | system has an impact on transaction costs. These savings represent the
& overall profit that can be allocated to the partners. Transaction cost savings

External | are applicable for all meta-roles and economic effects are only applicable on

impact | those who are providing revenues, whereby the one does not exclude the

other.

External | Economic Effects: The generation of benefits for consumers, users or the

impact | whole society (profitability for businesses, macroeconomic benefits).

Table 3: Economic effects of Role Performance (adopted from Schulz & Miiller, 2016;

Schulz & Wieker, 2016)

Internal
impact

Application of the IRM Approach

For developing a platform approach, the classical roles of platform solutions have been
assessed to define suitable meta-roles. Subramaniam and Shaw (2002) presented a
framework for web-based procurement from the technical perspective. However, before
being able to implement a technical solution the organizational framework must be defined
by considering economic roles to gain a common understanding of cooperation in terms of
taking over general tasks. As a starting point, the authors consider the approach of Alstyne
et al. where they defined the roles within the ecosystem of platforms, enhanced by the
definition of community roles by Roskos (2011). Figure 2 demonstrates that the classical
interpretation of platform roles is not sufficient for the aim to develop a discrimination-
free solution which ensures equality, fair conditions and a high level of transparency for
all actors. Therefore, roles with moderating and member managing functions which
incorporate an independent and neutral position should be included in the B2B platform
ecosystem. With the defined roles, the minimum requirements for the creation of co-
operative platform solutions can be met. As mentioned before, the interactions and
behaviour of single actors with their business partners are crucial influencing factors, as a
co-operation always is built on trust and commitment - regardless contractual obligations
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that ensure the fulfillment of tasks, as those are more a control mechanism for relational
agreements than an expression of relationship value (Liu et al. 2010; Gdlgeci et al.; 2018;
Parmigiani & Rivera-Santos, 2011). Since the evaluation of a B2B platform specific
construct can only take place within the evaluation process, only assumptions about the
roles and institutions to be involved can be made by the status quo and the literature
analysis. The baseline concept is described in Figure 3.
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Figure 7: B2B Platform Baseline Concept and Roles (own illustration)

CONCLUSION AND OUTLOOK
The literature review and the comparative investigation of current B2C

and B2B markets

operations methods have shown a significant development gap. The B2B market is
characterized by linearity and lack of transparency around the demand situation, which
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creates reactive behavior to demand changes. In a changing environment, the B2B market
questions whether this existing supply chain is still adequate going forward. Supply chain
collaboration and the use of a shared platform seem to be a vehicle, which enables an
effective network model. The IRM is a suitable method to create a sustainable framework
regarding effective stakeholder cooperation via a platform solution with defined roles,
tasks, rules. The approach supports the consideration of the elaborated impact factors
trust, relationship quality as well as power bias, that are embedded in a workable
environment for granting positive effects and output for all involved partners accordingly.
The application of the IRM approach for creating a co-operative B2B platform approach is
not limited to a certain field of application. Once the platform has been successfully
implemented, the approach enables continuous development in a changing ecosystem.
The integration of new actors is simplified by a high level of transparency and a low level
of complexity due to the IRM process and the 360° assessment for role allocation. To
exploit the full potential of B2B platforms, the next step is to evaluate specific empirical
data on applicability and practical concept assessment. As the presented approach is
limited to the framework setup and the identification of economic roles, technical
requirements, related roles and tasks, such as backend system development and the use
of technological solutions, were not examined.

In this context, data safety and security are likely to be important for potential actors, also
considering aspects like trust, power, and long-term relations. The presented approach
must be elaborated in terms of concrete framework construct and operator model
development and the application of the latest technological solutions. By using the IRM
methodology, we apply a conceptual framework building solution that has already proven
within former research projects (e.g. CONVERGE; Schulz, 2015). The presented approach
at this point must be regarded as a baseline concept and orientation base for developing
a cooperative platform solution for B2B retail. Therefore, the next step is to address the
identified stakeholders by presenting the approach for further evaluation and identifying
actor specific needs that must be fulfilled by the inclusion of dedicated roles and tasks. By
conducting IRM specific stakeholder interviews, economic and technical white spots will be
identified that have to be included in the IRM by specifying further institutions and roles.
The evaluation of actual case study data is part of our forthcoming research.
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Abstract

Researchers have outlined some significant conceptual operations benefits associated with
the adoption of Additive Manufacturing (AM) processes for low-volume applications in a
number of industry sectors, however uptake levels still appear to be low (Ghobadian et al.,
2018). There is also a dearth of empirical exemplars profiling the successes and failures of
AM implementation. This is evidence of the gap between research and practice regarding
the application of the manufacturing process in contemporary manufacturing and service
operations (Braziotis et al., 2018). This paper analyses the AM implementation cases of
Suppliers operating in three industries to identify the supply chain factors that supported
or militated success. This is in order to highlight the critical success factors necessary for
the advancement of AM in manufacturing and service supply chains.

Design/methodology/approach

This paper follows a case study approach, focusing on AM implementation projects and AM
SCs as the unit of analysis. Semi-structured interviews are employed to explore the
experiences of different stakeholders involved in successful and failed AM implementation
projects undertaken by suppliers. A purposive sample of 4 firms was selected in application
sectors namely aerospace, automotive and power. A conceptual framework, underpinned
by SC configuration theory and a structured approach to the make-or-buy decision, was
used to develop the case study protocol, exploring the themes of strategy, structure and
environment in the process (Canez et al., 2000).

Findings
This paper outlines the determinant combination of triggers for AM adoption and the critical
supply chain factors to be considered during the process of AM implementation.

Value

This paper highlights critical supply chain dimensions necessary for the advancement of
AM, taking a particular focus on failed and successful implementation projects. The findings
provide elaborates on generic prescriptions for AM adoption and SC factors in extant
literature. It also provides empirical evidence on the state of AM developments in the
manufacturing and service supply chains vs the hype in the conceptual literature.

Research limitations/implicationsThe research explores a few failed and successful
cases of AM implementation across diverse industries. Validity of findings and conclusions
can be further strengthened by analysing more cases per industry and including other SC
tiers.

Practical Contribution

AM is currently in the developmental phase of its lifecycle for end-use parts applications.
Highlighting the critical development paths is important for practitioners and policy makers
to channel development efforts in crucial areas to accelerate development. Practical
guidelines are provided for prospective AM implementation projects

1. INTRODUCTION
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Additive Manufacturing processes (AM) have emerged from the background of prototyping
to low-volume end-use parts applications in different sectors. The technical capabilities of
the process include design freedom and functional integration with empirical examples
evidencing the achievement of these capabilities in industrial applications (Petrovic et al.,
2011). Operations and supply chain capabilities include tool-elimination, economic low
volumes and localisation of production capacity for assembly and repair operations,
however with little empirical evidence to substantiate deployment industrially (Holmstrém
et al., 2016; Khajavi et al., 2014). Adoption levels are growing in a fragmented nature and
at different maturity levels across sectors such as aerospace, automotive, energy, medical,
consumer etc. For example, AM is being used to fabricate non-critical parts such as
brackets for airplanes, components for race cars, gas turbine blades, hearing aids,
jewellery etc. Compared to Traditional Manufacturing (TM), uptake levels of AM are
significantly low (Ghobadian et al., 2018). This is likely due to the overestimation of
conceptual capabilities in the AM management literature, without empirical evidence to
outline the limitations of the process for industrial applications. This paper analyses AM
implementation cases of suppliers to identify the supply chain factors that supported and
militated success. The rest of the paper is organised as follows. Section 2 discusses AM
adoption and implementation literature to articulate the research gaps. Section 3
articulates the research objectives and presents the theoretical framework. Section 4
presents the multiple case study methodology adopted. Section 5 presents the analysis
and findings of the study. Section 6 presents the conclusions and suggestions for future
research.

2. LITERATURE REVIEW

Implementation refers to the process of successful adoption of a new technology consisting
of three phases namely pre-installation, installation and commissioning, and post-
commissioning (Voss, 1988). Pre-installation deals with preliminary evaluation of positive
and negative factors that can potentially impact the outcome of the process. It is at this
stage that an organisation decides to adopt or reject the technology under investigation.
Installation and commissioning deals with the actual deployment of the technology and is
completed when technical and utilisation objectives have been met. The final phase is post-
commissioning and deals with refinements to improve the technical performance to
business success. The first two phases (pre-installation, installation and commissioning)
coincide with the content of AM adoption and implementation studies respectively. This
also exemplifies the technology lifecycle stage that AM is as manufacturing firms are
currently dealing with problems in implementation (Ghobadian et al., 2018). The final
phase therefore corresponds to an advanced technology lifecycle stage where AM is refined
to improve business performance and is beyond the scope of this paper.

The AM technology adoption literature examines the environmental elements and their
influences on management decisions to adopt the technology. Oettmeier and Hofmann,
(2016) found that compatibility of AM with firm’s processes and demand-side benefits (e.g.
decentralising production and increasing customer responsiveness) significantly influence
the adoption of AM processes. Relative advantage of AM and performance expectancy have
also been identified as significant drivers of AM adoption (Schniederjans, 2017). Rylands
et al. (2016) found competition-related factors as significant in a consumer application.
Yeh and Chen (2018) identified cost, environment, technology and organisation as
significant factors influencing AM adoption. On the other hand, the AM implementation
literature examines some of the factors to be considered during the process of adoption. A
number of these studies have focused on cost aspects of implementation (Achillas et al.,
2017; Baumers et al., 2016; Khajavi et al., 2014). Mellor et al. (2014) identified 5
dimensions namely strategy, supply chain, systems and operations, organisational change
and AM technology as important factors to be considered during implementation through
a single case study, however lacking explanatory depth on each of the five dimensions.
Rylands et al. (2016) highlighted the business impacts of AM implementation from a value
stream perspective. Deradjat and Minshall (2017) considered corporate strategy,
technological, operational, organisational and external implementation factors from a
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mass-customisation perspective in the dental sector. Collectively, these AM adoption and
implementation studies lack a focus on the supply chain factors and their bearing on AM
adoption and implementation decisions respectively. The supply chain dimension is
particularly significant because of the proposed radical transformations that AM brings to
supply chain management practices (Braziotis et al., 2019).

3. RESEARCH OBJECTIVES

To address the aforementioned research gap, this research adapted an existing framework
developed for the make-or-buy decision proposed by Canez et al. (2000) for the AM
adoption decision corresponding to the pre-installation, and installation and commissioning
phases of industrial applications. The framework (Fig. 1) is underpinned by SC
configuration theory which consists of three elements namely environment, strategy and
structure (Singh Srai and Gregory, 2008). The elements of environment activate
performance-related triggers for the AM adoption decision. Further, the AM adoption
decision has consequences for the structure of the AM SC represented by four dimensions
namely SC structure, material flow, information flow and relationship between SC entities,
and product value structure. These elements of structure have implications for SC
performance represented by the elements of strategy, to measure the level of achievement
of targets set by the triggers. Lastly the arrows pointing out from the performance
measures indicate that the AM adoption decision is not static as changes in states of
elements of environment can necessitate a re-evaluation of the decision.

This paper aims to answer two questions:

1. Why do suppliers consider AM for manufacturing and spare parts SC applications?
This question aims to examine the elements of environment, corresponding
performance related-triggers and bearing on the AM adoption decision.

2. What are the SC factors to be considered during the process of AM adoption? This
question aims to examine the elements of structure to identify SC factors to be
considered during AM implementation.

4. METHODOLOGY

A multiple case study approach is adopted for this research focusing on the AM
implementation cases of adopters and potential adopters of AM for low volume
manufacturing and spare parts applications (Thomas-Seale et al., 2018). The study
involves two units of analysis, namely AM implementation projects of suppliers and their
respective SCs. Semi-structured interviews, lasting an average of 83 minutes, were used
primarily for data-collection with other sources namely site and artefacts observations
serving as complements (Yin, 2014). A case study protocol was developed to explore the
elements of environment, structure and environment, based on the theoretical framework
(Fig. 1). Tables 1 presents a summary of the cases in terms of the SC position, location,
industry, markets and respondents. Within-case analysis is carried out on each of the
cases. Subsequently, a cross case analysis was carried out and presented in the analysis
and findings section
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Table 1: Case company details

Technological: Relative

advantage on quality, speed

Company name SC Location | Market(s) Interviewee(s)
position

Tier-2 supplier A | Tier 2 UK Aerospace, Technology Director (TD)
(ST2-A) supplier motorsport,

power
Tier-2 supplier B | Tier 2 UK Aerospace Additive manufacturing
(ST2-B) supplier manager (AMM)
Tier-2 supplier C | Tier 2 UK Aerospace, Manufacturing development
(ST2-C) supplier motorsport, lead (MDL)

power
Tier-2 supplier D | Tier 2 UK Aerospace, Managing director (MD)
(ST2-D) supplier motorsport,

medical

5. ANALYSIS AND FINDINGS

5.1

Triggers for AM adoption

A number of external factors in different dimensions influence firms’ decisions to adopt
AM. In the aerospace sector, supply risk of raw materials and parts represents a significant
determinant. This risk can be due to several reasons for example the location of suppliers
in politically troubled regions, misplaced or obsolete tooling for spare parts and scarcity of
rare materials. This is important for spare parts applications in the aerospace industry
where airlines pay huge Aircraft on Ground (AOG) penalties because of lack of spares to
keep flights operational. These factors make it difficult for suppliers to meet obligations
for quick turnaround applications and AM represents a solution because of tool elimination
and raw-material availability. “There is things like forgings that are made in Russia, I don’t
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know if that's a thing at the moment. So there is political risk involved in the sourcing of
parts, there is all sorts.... it was just looking after spares and MRO, where you are not
worried as much about the final cost if you can add value by having a much shorter lead
time than you've got a better business case in such situations” (ST2B, AMM). For
motorsport applications, AM represents a viable solution because of the capability to move
rapidly from clean sheet designs to finished parts to meet the requirements of the industry
to implement design changes quickly." So, for the time being, the process as it stands is,
the customer designs the part and they going out as a competitive bid, who can deliver
these parts on time and if you can deliver on-time, you can almost name your price”
(ST2D, MD)

The relative advantage of AM in comparison to other TM technologies in technical terms
still represents a significant trigger for adoption decisions in all the cases studied. For
aerospace applications, TM processes are constrained by design for manufacturing rules
with the resultant effect that excess material is incorporated into final parts thereby
increasing effective weight. AM is attractive because complex geometries can be achieved,
eliminating excess material. These AM parts with higher functional performance in terms
of light weighting are very attractive for aerospace and motorsport applications to reduce
fuel consumption.“But you will certainly struggle to make some of the weight savings using
traditional machining” (ST2A, TD).

In addition to these triggers, some enablers and inhibitors for the AM adoption decision
where also identified from the cases. From an external perspective, government support
for AM projects has been very instrumental in carrying out R&D projects, without which
small suppliers wouldn't be able to participate. "So, the NATEP programme is to encourage
smaller companies to engage in collaborative R&D industry led, and the funding is there
to take of the financial barrier, that smaller companies will say that's going to cost too
much” (ST2A, TD). On the other-hand, government regulations have also been seen to
exert influence on the AM adoption decision, as seen from the different regulatory
requirements across sectors. For example, the aerospace sector contains very strict
regulations for qualification of designs, processes and materials, effectively driving
applications towards like-for-like design replacements and clean-sheet designs.
Regulations in the motorsport industry are relatively liberal and enable the implementation
of design changes."Even though the quality demands are probably fairly similar, aerospace
will be eager to fit within their current sort of processes, approaches, people, supply chain,
stuff like that.. Whereas you get in motorsport, really looking at doing things very different,
trying to constantly improve” (ST2C, MDL). Lastly, from an external perspective, the
customer’s buy-in is very critical to adoption as supplier parts end up on final products
belonging to the OEMs. From an internal perspective, management buy-in is very critical
to AM adoption. "..only that our parent company was interested in learning more about
additive because it was, still is a very exciting new technology” (ST2A, TD).

5.2 Supply Chain Factors

5.2.1 SC Structure

Under this dimension, four salient factors emerged for consideration during AM
implementation, namely length of the SC, scale, vertical integration, capacity management
and raw-material management.

Several propositions have been made about the capability of AM to shorten SCs (Section
1). Evidence from the cases shows that this vision is currently far from reality because of
significant post-processing that is required after the AM build. The amount of post-
processing required (in effect, the length of the process chain) is determined by several
factors namely, the requirements of the end-application and also the capabilities of the
process technology. Some aerospace applications for example are very demanding in
terms of fatigue life of parts, therefore require finish-machining, which appears
counterproductive to using AM in the first instance. The Electron Beam Melting (EBM)
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process, doesn’t require the stress-relief heat treatment present in laser processes,
effectively shortening the length of the process chain. "...one particular thing about, the
EBM is that you don't need to do a number of post-processing steps that you have to do
for laser” (ST2D, MD). Scale considerations are important for make-or-buy decisions for
AM. At the initial stage, small suppliers don’t have the volumes to justify investment in AM
and therefore have to rely on the services AM specialists. These specialists enjoy
economies of scale and specialization with the volume of work orders from different
customer segments and also the experience to deal with the intricacies of the process. "So
if you are not used to say, handling inert gas and the dangers around that, then you are
going to see that as a very big challenge” (ST2C, MDL).

In a similar manner, suppliers must also consider the experience and scale of sub-
contractors for post-processes. This is particularly relevant to vertical integration as some
of the post-processes are cheap and others are too expensive to bring in-house. These
decisions also have to be balanced against the volume of part orders that flow through
those processes. "It’s used a lot in castings. A hip vessel, you are looking at like 10 million
pounds. So, you don't want to have that vessel sat there and not used 90% of the time.”
(ST72, AMM)

Suppliers need to possess knowledge about the management capacity for AM and post-
processes, when dealing with low volumes. This knowledge includes the profile of demand
in industry sectors that affect capacity availability in the supply network. For example, the
seasonal nature of motorsport races affects AM capacity in the SC. Suppliers also have to
be aware of the different AM competencies and also sources of extra capacity without the
risk of compromising intellectual property. "So where you are getting parts from a supplier,
all of a sudden, you hit December time and they are just like, well we are not going to talk
to you until April. So, all of a sudden, you get that disruption” (ST2C, MDL).

In the AM SC, suppliers must be aware of the new responsibility for ensuring material
quality. In the TM SC, this responsibility rests with the raw-material suppliers, however in
the AM SC, the material is created simultaneously with the part therefore there is an extra
requirement to ensure that the material has the right properties according to specification.
This is particularly significant in aerospace application where rigorous testing is carried
out. “In titanium, it might be 10mm and in steel it may be 5mm or something. I don’t
know the exact measurements, but I know that there is a problem with inspection, because
with additive, you can make very complex parts. How do you know it’s okay?” (ST2D, MD).
The qualification state of AM materials in industry is also a very important SC factor. In
the aerospace industry, material characterization programs are mainly focused on
expensive raw-materials such as titanium and Inconel, where there is significant scope for
material savings with AM. Cheaper raw-materials such as stainless steel are not very
attractive candidates for characterization as their TM forms have high availability and are
significantly cheaper. That said, regulatory requirements in the motorsport industry do not
emphasize material characterization, therefore there is a wider scope for material
application. "So it’s a relatively inexpensive raw-material, and in the pecking order of
getting the materials fully qualified, you've got people working on the titanium and ...alloys
and the more exotic expensive alloys where you get a big saving in raw material costs
using additive manufacturing” (ST2A, TD).

5.2.2 Material Flow
For material flow, SC factors emerged under four dimensions namely economies of one &
scale, process incompatibility, throughput and inventory management.

Economic fabrication of small batches has been put forward as one of the superior
capabilities of AM, however often ignoring the additional post-processes, some of which
are based on economies of scale. Therefore, the flexibility of the AM process in not
translated across the process chain, with implications for material flow. Some post
processes such as machining and hot isostatic pressing require setups and large batch
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runs, so whilst the AM build may produce a small economical batch, it has to rely on these
economies-of-scale post processes, with implications for cost and lead time. "“You might
have to wait for them to have enough material, so if a H.I.P (Hot isostatic pressing)..,for
example, that's a good one where, a dedicated vessel could cost you a £1000 plus, to do
a run and that vessel could fit in 500 of your parts, but you only want one, so you are
paying for that one and the only other option is to wait until they've got other peoples
work, put it all in together.” (ST2B, AMM). The capability of AM to fabricate complex
designs represents a significant trigger for adoption, however this capability introduces
challenges for post-processing and testing further down the chain. This is particularly
significant with new complex designs, that haven’t been post-processed or tested before.
This problem highlights the incompatibilities between AM processes and some of the TM
post-processes and testing technologies. "So because we are operative very much at the
cutting edge of some of the components, some of the other processes cannot keep-up”
(ST2C, MDL).

The throughput of AM processes in terms of the number of parts that can be fabricated in
a build operation is directly affected by the size of parts, smaller parts being better
candidates. Beyond that, this capability is challenged by the variation in quality of parts
from the same build that is affected by several factors namely the quantity of parts in a
build, build parameters and the AM process capability. EBM processes, for example, make
it easier to maximise build envelope height because of the capability to stack parts. This
is a challenge with laser processes due to the requirement for substrates and the inability
of parts to be built in free space. This limits the throughput of the operation. “So there is
flexibility, but with flexibility also comes danger that you may make this part and say well
we made this part and it worked and you just move it to a different position and it may
not work. So, you have flexibility, but sometimes, it comes at a price” (ST2D, MD).
Suppliers need to be aware of the scope available to apply just-in-time principles to the
management of raw-materials, based on reorder levels, because of the generic nature of
the raw-material stock. Further, AM parts that are high-value are expensive and therefore
there is limited scope for producing excess stock that may end up as waste. That said, the
unpredictability of AM as an immature process warrants the production of excess stock in
case of part failures. Also, test parts need to be created to carry out trials, especially for
new designs and this amounts to generation of scrap and extra costs in the SC."Then of
course, can we make it physically? We need to look at it and evaluate it. Is this doable
with what we know? Because if it is a very complex part, or if it requires a way that we
haven’t made it before, we may need to do some trials” (ST2D, MD).

5.2.3 Information flow and relationship between SC entities

The need for collaboration amongst different entities in the AM SC was emphasised in all
cases. Firstly, in the area of design, collaboration of supplier’s designers with AM specialists
is crucial to leverage the benefits of AM for optimised product designs. Otherwise,
suboptimal designs result in additional build and processing costs for the SC. Furthermore,
this engagement has to occur, early in the product development cycle to maximise AM
benefits. That said, AM specialists must prove their design competence to earn the trust
of customers before they can be allowed to affect the design process. “We have to. So we
find that when they just push us something and go, "can you build that". It’s not going to
work” (ST2C, MDL). “For the time being, we don’t have much power in terms of affecting
the design, because a lot of the parts they do, they are not that brilliantly designed for the
process....."(ST2D, MD). Collaboration between non-competing AM specialists is also
crucial because of the availability of capacity. This is particularly important in peak seasons
where suppliers require extra capacity to fulfill customer demands. Suppliers may resort
to capacity from research institutions as collaboration with competitors risk the leakage of
intellectual property. "So we are working towards building some contingency, in our supply
chain. So effectively, working with other people around us that are running machines so
that we can go "can we use your machines in the event of needing some contingency”
(ST2C, MDL). "They were a bit nervous about getting too close to us in case there was any
intellectual property leakage either way, which would compromise them” (ST2A, TD).
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Collaboration with service providers is also very crucial because of less than optimal batch
sizes and the need for quick turnarounds for manufacturing and spare parts. In the normal
flow of work orders, low-volume parts may be delayed or incur significant costs if the
relationship between AM specialists and service providers is at arms-length. “....because
like I've said, they've got the equipment, if in theory it takes ten hours, then they can do
it in ten hours, they just have to want to do it in ten hours. So it is just a relationship
building, making them aware that this service would be required” (ST2B, AMM).

5.2.4 Product Value Structure

From a product design perspective, a crucial factor that emerged from all cases was the
need to consider the end-to-end processes at the design stage. For post-processes such
as machining, it may be necessary to build in excess material for the machining process
because of fatigue properties. Furthermore, complex geometries may require the inclusion
of supports to hold the AM part during machining. "It reinforced their understanding that
they need to consider the post-processing at the design stage as well” (ST2B, AMM).”If
we talk about for the additive process, if this part needs to be machined, and the guys,
they are going to take it and put it on their CNC machining, you have challenges
sometimes, because you can make complex parts. How do you hold this on your CNC to
machine it in the right orientation?” (ST2D, MD). Secondly, designers must be aware of
the characteristics of their parts in terms of sections that wear out frequently vs long life-
cycle sections to make the right design decisions. This is because coupling replenishment
sections into an AM build may compromise the lifecycle of a lifetime part. That said, there
was consensus supporting the fact that components are not replaced as parts, rather as
modules. "So, if we know that something is going to wear and it is a change-out part, then
we wouldn't integrate it....but actually, the vast majority of parts these days are not
changed” (ST2C, MDL). "...it is very much like an old television, something was breaking
and you could change something in. Today, if something breaks in your television, you
throw it away and you buy another one. Its the same thing” (ST2D, MD).

6. DISCUSSION AND CONCLUSIONS

Through the lens of SC configuration theory, the preceding section explored the elements
of environment, strategy and structure to identify the salient SC factors to be considered
during AM adoption and implementation from industrial cases. Section 5.1 underscores
the importance of critical evaluation candidate parts for AM adoption, based on the
limitations of TM processes and capabilities of AM. The triggers also suggest candidate SC
applications for AM that require speed, providing an extra parameter for evaluation of
business cases. Therefore, this paper elaborates on the generic drivers provided by extant
AM adoption literature, to specify the determinant triggers for AM adoption (Oettmeier and
Hofmann, 2016; Schniederjans, 2017). Additionally, enablers and inhibitors where
identified. Section 5.2 extended SC configuration theory to identify the critical SC factors
and implications for performance, expanding the narrow discussion on SC aspects,
provided by extant AM implementation literature (Deradjat and Minshall, 2017; Mellor et
al., 2014). These factors need to be carefully considered during AM implementation
projects and provide indications on focus areas to increase the odds of success.
Consequently, potential adopters must understand the requirements of end applications,
the added responsibilities to ensure material quality and capacity management for
effective routing of parts through the SC. Knowledge of scale in the supply network is also
crucial to make-or-buy decisions. Adopters must also be aware of the conflicts that arise
between economies of one and scale processes to manage the flow of parts, the
relationship element being crucial in this regard. Lastly, end-to-end process consideration
during product design is crucial to successful implementation. In view of these
contributions to AM implementation, the limitation of this paper must be acknowledged.
The sample size is limited and therefore limits the external validity of findings. Future
studies should broaden the sample size to include entities from other SC tiers and more
cases per industry to strengthen the validity of findings. Furthermore, future research
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should rank and empirically validate the relative importance of these factors across
industry sectors.
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ABSTRACT

This study examines the growth path of Flipkart, India’s largest e-commerce retailer, to
develop a theoretical process model of e-commerce supply chain growth. It found that
Flipkart’s success was the results of three dynamic logistics capabilities - articulated
adaptation, structural realignment and expectation connectivity — which the company used
to recruit targeted suppliers and connect with consumers to drive value, increase
attractiveness and draw investment to fuel growth and raise further value.

INTRODUCTION

While much has been written about e-commerce operations, little has been documented
about the end-to-end processes of e-commerce supply chain operations. Fewer still is
how e-commerce supply chains were established and developed over time. With the
growing dominance of m-commerce under omnichannel retailing, e-commerce supply
chains are on the increase. While models of organizational growth and development
abound, few of these models theorize the growth process of an organization’s supply chain,
let alone that of e-commerce. This study delves into the growth path of Flipkart, India’s
largest e-commerce retailer with a registered customer base in excess of 100 million. Its
objective is to develop a theoretical process model of e-commerce supply chain growth.

E-Business Model

Understanding how businesses grow and develop requires an understanding of their
business models. Unfortunately, there is no consensus on the definition of a business
model (Zott et. al., 2011). Zott et al. (2011), who conducted a broad and multifaceted
review of the literature on business models, found that the literature has been developing
“largely in silos” (p. 1020).

In the internet context, Mahadevan (2000) offered a conceptual business model structure
comprising three streams - value, revenue and logistical — with three building blocks:
portals, market makers, and product/service providers. Focusing on the roots of the
business model concept, with a particular bent in the information systems domain,
Osterwalder et al., (2005) defined a business model as:

“ ... a conceptual tool that contains a set of elements and their relationships and
allows expressing the business logic of a specific firm. It is a description of the
value a company offers to one or several segments of customers and of the
architecture of the firm and its network of partners for creating, marketing, and
delivering this value and relationship capital, to generate profitable and
sustainable revenue streams” (pp.17-18).

In their attempt to create a common language by identifying the domains, concepts and

relationships addressed in the business model field, Osterwalder et al., (2005) placed
Mahadevan’s (2000) three structural streams of value, revenue and logistics respectively
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into value proposition, revenue model and value configuration. Osterwalder et al.’s (2005)
review, in short, saw logistics as a process of value configurations, which is the key to
value creation in e-commerce.

Mahadevan (2000) argued that the robustness of the value stream of an internet-based
e-commerce business drives both the revenue stream and the logistical stream. The portal
is central to the value creation process. It creates a virtuous cycle of benefits generation
arising from the richness and reach of the web, reducing product search cost and
transaction cost for buyers, thus leading to an increased customer base for suppliers, and
attracting more suppliers in the process. The result is buyers seeing more product choices
while suppliers experience a growing customer base. The e-business model, in sum, is
dynamic.

Despite that, most literature on e-business model has taken a static perspective on
business models, indirectly assuming them to remain stable over time (Gunzel & Wilker,
2009; Demil & Lecocq, 2010; Hacklin et al., 2018). In the real-world, organizations need
to reinvent their business model frequently and align with fast-changing environments
(Afuah and Tucci, 2003). To study how Flipkart aligned its business processes and supply
chain activities with the vagaries of the market environment, this study invokes the tenets
of three strategic management theories to explain the changing configurations of Flipkart's
business models between 2007 and 2018: dynamic capability theory (Teece et al., 1997;
Eisenhardt and Martin, 2000), contingency theory (Miles & Snow, 1978; Venkatraman,
1989) and strategic fit theory (Chorn, 1991).

Dynamic capability theory explains the success of an organization over time through its
ability to change and adapt to the dynamic environment (Teece et al., 1997; Achtenhagen
et al., 2013). The dynamic capability perspective suggests that firms need to adapt and
renew their business models by sensing, seizing and transforming in order to maintain
their competitive strength (Teece, 2007; Hacklin et al., 2018).

Contingency theory argues that a firm’s performance is a function of the congruence
between an organization structure, strategy and its environment (Miles & Snow, 1978;
Venkatraman, 1989). The theory posits that there is no one best way of running firms, but
environmental determinants (external circumstances) would push firms to produce specific
organizational designs (Van de Ven, 2013). Therefore, a firm’s performance would be
determined by the degree to which it is able to match its resources and capabilities with
the opportunities present in the external environment (Chorn, 1991). This matching
constitutes the core of the strategic fit theory (Chorn, 1991). It warrants that the company
either possesses or has access to the requisite resources and capabilities to capitalize on
the opportunities available.

Guided by the tenets of these three theories, this study will review the growth and
development of Flipkart, India’s biggest e-commerce retailer.

RESEARCH METHODOLOGY

To understand the growth path of Flipkart, we employed a longitudinal case-study design.
The research was carried out in two stages. The first stage was desk research. We went
through the chronology of milestone events outlined, and all the top stories provided, on
Flipkart's website (https://stories.flipkart.com/flipkart-timeline-milestones/), which contains
extensive information about the company’s growth history. These secondary data were
helpful in identifying Flipkart's strategic initiatives since its inception, offering insights into
the contemporaneous thinking of Flipkart at various junctures of its growth.

We then searched online for published documents and news articles relating to Flipkart to
connect the company’s milestone events to the larger context of India’s socio-economic
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fabrics where its e-commerce market is firmly embedded. From these information, we
attempted to make sense of the strategic actions taken by Flipkart and raised questions
on the intentions behind those strategic initiatives.

The second stage was primary data collection. We conducted a series of semi-structured
interviews with a member of the senior management team of Flipkart to seek clarifications
to our questions. We triangulated the explanations provided with both the news articles
and stories published on the Flipkart’s website to identify the value drivers and to develop
a process model to depict Flipkart’s e-commerce growth path.

THE FLIPKART JOURNEY: AN OVERVIEW

Flipkart began as an online bookstore that promised to deliver anywhere in India. The
sourcing of John Wood'’s book “Leaving Microsoft to Change the World”, Flipkart's first sale
in late October 2007, underscores the company’s customer-centric culture. Sachin Bansal
and Binny Bansal, the two co-founders, searched some 50 bookstores in Bangalore for 2
days, including contacting some major book vendors in Delhi and Mumbai, for the book.
While the book was eventually found, purchasing the book was another drama fit for a
movie — Binny rode in the torrential rain across the waterlogged streets of Bangalore amid
heavy traffic to Indiranagar, a medium-sized neighbourhood in east Bangalore, to buy the
book only to realize that he had forgotten his wallet upon arrival. He had to return to
borrow money before getting back to the bookstore to complete the purchase.

Exceedingly satisfied, Flipkart’'s first customer wrote the following testimonial that graced
Flipkart’'s home page for months to come:

The best Indian online book store I have ever seen. Fast and free shipping, discounts
and a large number of titles. I could not have expected more. You guys really rock.
Good luck. (Excerpt from Venugopal, 2015)

As the business grew, the co-founders no longer sourced books from bookstores
personally. Nonetheless, the e-commerce retailer continued to run its operations from an
apartment in Bangalore under a "“Just-in-Time Procurement” model: no inventory -
despatching pick-up boys to pick up books from vendors only when orders were received.
The company used a manual order management process - orders, including quantity and
supply source, were manually entered into Excel spreadsheets and printouts were handed
to pickers-cum-packers to pick up and pack upon return.

While its procurement followed the lean principles, Flipkart’s physical sourcing activities
were not until it made its first hire of Ambur Iyyappa, in 2009. Iyyappa has a super
memory. He could remember every step of the process to coordinate the pick-up and
delivery staff to ensure all customer needs were fulfilled. Soon, his mobile phone number
became Flipkart’s de facto customer support hotline.

Iyyappa built efficiency into Flipkart’s manual processes without a computerised system.
He created an “on-the-go inventiveness” scheme to optimize the pick-up cum delivery
staff’s time by getting them to get updated printouts of work-orders through emails at
cyber-cafes close to their locations after each pick-up or delivery. Iyyappa ran the entire
process, including expedited deliveries, directly through his head, driving a manual, partly
analog, order management system with machine precision.

“Iyyappa would know exactly which books were pending to be bought, which
customers were waiting for delivery, etc. When a customer called, he would know
exactly what was happening with his or her order without looking at the systems. He
had also found an effective way of pasting all this order information into Gmail and
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using that as an ERP/Servicing search engine for orders!” (Statement by Binny Bansal,
reported by Venugopal (2016))

When Iyyappa joined Flipkart, the ecommerce retailer was working with about 10-12 big
publishers in Bangalore and shipping around 100 orders a day. That same year, Flipkart
also expanded its operations by selling books from international publishers and
commenced taking pre-order for books yet to be published. The business began to scale
up, with orders reaching a thousand a day.

While Iyyappa’s memory also scaled up in parallel, the co-founders realized that their
business had grown to become deeply dependent on Iyyappa’s tacit order management
system. Drawing inspiration from Iyyappa’s home-made “on-the-go inventiveness”
schema, the two co-founders wrote Flipkart’s first Product Requirements Document to
mimic how Iyyappa had been coordinating with pick-up and delivery staff on a daily basis,
accompanied by an order management and inventory management systems that also
attempted to replicate Iyyappa’s daily routine.

The automation of the order management process did not extend to solving customer
problems in Flipkart. It remained in the hands of the even temperament and patient
Iyyappa, who was given a free-hand to improvise solutions to solve the most pressing of
problems for customers. He used his ingenuity, which, combined with his passion and
positive attitudes, made handling escalated issues, seems so simple. Iyyappa’s interest
to make every customer happy unscored Flipkart’s customer-centric focus since its
founding.

In September 2009, Flipkart offices appeared in Delhi and Mumbai. Its success began to
catch the attention of investors. Accel Partner invested USD1 million in Flipkart in 2009,
followed by Tiger Global’s investment of USD10 million in 2010.

To extend its reach to the population of India, especially those living in rural areas, the
majority of which did not hold a bank account then, Flipkart pioneered the Cash-on-
Delivery payment mode in 2010 to build trust and avail its online shopping services to all.
In that same year, Flipkart also introduced a 30-day return policy for purchases made and
acquired the social book recommendation portal weRead. The attractiveness of the e-
commerce firm blossomed.

In 2010, Flipkart expanded its product range beyond books to include music, movies,
games, electronics and mobile phones. The volume of incoming orders escalated. With
nearly 2.5% of its revenue spent on payment to third-party logistics service partners,
Flipkart decided to open a separate 3PL company to expedite their order delivery and meet
skyrocketing customer demand. E-kart, Flipkart's Logistics arm, was launched.
Commenced as a pilot, Flipkart logistics arm proved to be a viable business idea in three
months. E-kart's performance outshined other courier services in India, where the
preoccupation of logistics operations at the time was B2B, not B2C, services.

With E-kart handling about 80% of the company’s e-commerce logistics, Flipkart acquired
Chakpak and Mime360 to bring digital content to the Indian shoppers’ fingertips and
further expanded its shopping categories to include cameras, computers, laptops, large
appliances, health and personal care products plus stationery.

As e-commerce in India began to flourish, consumers’ apprehension of sharing debit or
credit card details through online payment portals compounded by fear of buying fake
products online grew. Consumers were hesitant to shop online. To boost sales and gain
consumers’ trust, Flipkart launched their card-on-delivery option in 2011 to allow
customers to pay using their credit/debit card only after their order(s) was received. To
bolster consumers’ trust, Flipkart also launched a 30-day product replacement policy to
array consumers’ fear of receiving faulty products through online purchase. Faulty
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electronic gadgets, mobile phones in particular, could be returned for a replacement at no
cost to consumers. This policy built trust in consumers toward brand products online,
increasing Flipkart’s sale by 40%. Flipkart's attractiveness grew further. Tiger Global
invested another USD20 million into the company.

In line with the rising popularity of Mobile Apps, Flipkart launched its mobile shopping app
in 2012. In that same year, Flipkart received PCI DSS Certification, which made online
payment easier for its customers. To gain greater expertise of the electronic market,
Flipkart acquired LetsBuy, an electronic online retailer, in 2012. The company also
increased its category list and variety in fashion and lifestyle category: fashion, perfumes,
watches, menswear, toys, posters and baby care. It also launched its electronics private
label, DigiFlip, as well as Flyte MP3, dubbed the ‘iTunes of India’, for online music sales.
The expansionary path of Flipkart drew an investment of USD150 million from Nasper, a
broad-based multinational internet and media group considered as one of the largest
technology investor in the world.

While its business and supply chain processes appeared to be on smooth running, Flipkart
were losing sale from customers in immediate need of their purchased products. Further,
young consumers, who comprised nearly 80% of online buyers, were demanding faster
delivery and willing to bear the extra delivery charge, if it was not excessive. In response,
Flipkart launched its “same day delivery” service in 2013. A nominal charge was levied
but the service could also be provided free of charge, pending on the quantity and value
of the purchased product and pincode used.

The unstoppable growth of Flipkart drew a private equity investment of USD200 million in
2013, giving it the financial means to expand. In 2014, Flipkart collaborated with Xiaomi,
Motorola and Micromax to launch their new models exclusively on Flipkart website. The
collaboration pushed Flipkart’s sale to a new level and fortified the brand value of Xiaomi,
Motorola and Micromax in the Indian market. Flipkart daily visits surged by 120%;
Motorola mobile became the leading selling phone.

In the same year, Flipkart also acquired Myntra, an online fashion and lifestyle platform,
to gain greater connectivity with local and international suppliers. The acquisition helped
Flipkart attain a big supply base and extended its reach in the online fashion and lifestyle
industry.

Apart from extending its product supply base, Flipkart also moved to consolidate its
position as the e-commerce leader with the cheapest online sale in India. It initiated a Big
Billion Day Sale in 2014, offering products with more than 90% discounts off the MRP
(Max. retail price) in India across a range of products. The Big Billion Day Sale lifted the
awareness of major brands among Indian buyers and roped in USD100 million in 10 hours
of sale.

The momentum continued. In 2015, Flipkart promoted the use of its Mobile App by
blocking the use of its website on mobile devices, creating easy access to its shopping
portal while on the move. The move propelled Flipkart’s sales further.

With its sales leaping to greater heights, Flipkart realized that it needed to strengthen its
last-mile delivery logistics. The e-commerce retailer invested in MapMylIndia, a navigation
device, to assist its last-mile delivery team to locate difficult-to-find addresses to meet
timely deliveries. The company also partnered with Dabbawalla, a meal delivery team
operating in Mumbai, and dPronto, a last-mile logistics start-up with a social mission,
outsourcing a part of the last-mile deliveries in Mumbai and rural India to these two
enterprises. The partnership not only expedited Flipkart’s last-mile deliveries but also
reduced the overall cost of the company’s last-mile logistics.
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To overcome problems of unavailability of customers during delivery, restricted entry of
delivery persons into office complexes, gated communities and educational institutions,
Flipkart also launched 20 'experience zones' across India to facilitate buying and self-pick-
ups for consumers. Customers would be able to collect their shipments at their designated
'experience zone' at their convenience.

2015 also saw Flipkart introduced Flipkart Lite, a Mobile App that gives consumers the
convenience of a native app but the experience equivalent to surfing on the web even
when the device is offline. Not surprising, Flipkart became the first Indian App to reach
50 million users by 2016 with over 100 million registered customers. This is another
milestone change in the journey of the e-commerce retailer as it moved on to acquire
Jabong.com and PhonePe. The acquisition of Jabong.com, through its unit Myntra, further
enlarged Flipkart’s range of offerings in the fashion and lifestyle market with a broad
assortment of Indian and global brands. It also helped the e-commerce retailer to
preserve its position as India’s No.1 e-commerce marketplace in the face of an onslaught
by Amazon India.

The PhonePe acquisition, Flipkart’s third in the payments solution space, put the
ecommerce retailer onto a Unified Payments Interface (UPI), an initiative of India’s
National Payments Corporation with a potential of transforming the country’s entire
payments ecosystem thus opening the possibility for mass adoption of online shopping in
India.

By 2017, 10 years after its launch, Flipkart’'s growth seemed unassailable. The e-
commerce giant entered an exclusive exchange agreement with eBay “to jointly address
the e-commerce market India” (eBay, 2017), as the following press release from eBay
reveals:

In exchange for an equity stake in Flipkart, eBay has made a $500 million cash
investment in and sold its eBay.in business to Flipkart. Effective immediately,
Flipkart will own and operate eBay.in. Additionally, the companies are moving
forward to jointly pursue cross-border trade opportunities to make eBay’s global
inventory accessible to more India consumers, while eBay’s millions of active buyers
globally will have access to more unique Indian inventory provided by Flipkart. (eBay,
2017)

This fast-growing Indian start-up continues to capture the attention of big businesses. In
2018, Walmart bought 77% stake in Flipkart for USD16 billion, a move that the US retailer
saw as its way to gain access to India’s fast-growing e-commerce market, which is
expected to grow to USD200 billion within a decade. This was how the market perceives
Flipkart, 10 years on.

DISCUSSION

From a nail-biting first sales to the relentless efforts the company expended to scope (and
source) supplies and meet customer expectations, the story of Flipkart has highlighted the
criticality of building supply chain capabilities to compete in the e-commerce space.
Flipkart’s growth has been a result of a deliberated attempt to progressively expand its
supply and customer base by building a multi-faceted supply chain. As Flipkart's
experience has demonstrated, this continuous extension was made possible by a selective
adaptation to the changing conditions in the external environment - an adaptation that
seeks to accomplish two key objectives. First, there was an obvious attempt on the part
of Flipkart to continually align, and realign, the structure of its logistics processes to market
opportunities. We refer to this realignment process as structural realignment. Second,
there was an equally serious attempt to connect with the consumers at large, other than
taking an out-of-the-way approach to meet customer expectations. We call this attempt
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expectation connectivity. Both these processes were tactically staged within the bounds
of the company’s resource capacity and accessibility to affordable technologies, a premise
that matches the description of the theory of strategic fit.

The dynamic adaptation capability that drives these two processes is thus referred to as
articulated adaptation. In other words, the adaptation was a calculated one. The company
strategically selected small suppliers either with special know-how’s (e.g., weRead in 2010
and LetBuy in 2012) or possessing innovative or high-demand lifestyle products (e.g.,
Motorola and Myntra in 2014) to give its website a distinctive niche as an e-commerce
market of preference It also introduced innovative means (e.g., cash-on-delivery, digital
wallet) that fit with the unique socio-economic and cultural setting of India to connect with
prospective purchasers. All these initiatives were progressively and tactically launched in
tune with its resource capacity, making the process a unique, path-dependent progression.

Articulated adaptation is, in our view, the growth engine of Flipkart. Because of its
dynamic articulated adaptation capability, the company is able to pace its expansionary
ambition to steadily increase its value through the staggering growth of its online traffic
to attract

investors wanting a share of the burgeoning Indian e-commerce market. The recurrent
external investments fuel further expansions. Figure 1 presents our interpretation of the
way Flipkart had strategically orchestrated its circle of growth and development since its
founding in 2007 to 2018.

External

investments

fuels attracts

Company
value +

Capital

growth

potential to
grow

makes possible enhances

chitical j Connectivit
resource Increases y

e to customers
acquisition

Figure 1: A Strategic Resource Building and Capital Generation Cycle

CONCLUSION, LIMITATIONS AND DIRECTIONS FOR FUTURE STUDIES

The success story of Flipkart, which grew from an initial investment of USD5,600 to
become a multimillion-dollar online retailer within a period of 10 years, tells of how an e-
commerce supply chain was established and grows. Flipkart's experience in recruiting
targeted small suppliers with either special know-how or innovative, high-demand
products to give its website a distinctive niche as an e-commerce market of preference
and its introduction of innovative means to embed its operations within the unique socio-
economic and cultural setting of India to connect with prospective purchasers validate
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Mahadevan’s (2000) value-generating cycle of internet-based, e-commerce business
model. The three dynamic logistics capabilities - articulated adaptation, structural
realignment and expectation connectivity — shed empirical light on the operational details
of the logistical stream critical to value generation in e-commerce businesses, which
studies on business models (e.g., Mahadevan, 2000; Osterwalder et al., 2005; Zott et.
al., 2011) have not illuminated.

Although collaboration and integration of supply chain entities have long been
acknowledged as essential ingredients of firm performance and growth, little has been
documented on how e-commerce companies collaborate with partners and competitors,
integrating them to form competitive e-commerce supply chains. Examining the growth
of Flipkart from the perspectives of dynamic capability theory, contingency theory and the
concept of strategic fit, this study offers a theoretical explanation on how e-commerce
supply chains evolve to form value configurations to propel them to achieve and sustain
high performance.

Flipkart is a high-performing e-commerce company handling over 8 million shipments per
month. Its meteoric growth trajectory within a span of 10 years holds many valuable
lessons for budding e-commerce companies, both in and outside of India.

This research is based on the experience of a single firm, which is unique to the Indian
socio-economic and cultural context. A multiple case study of the growth trajectory of
other e-commerce firms in a range of socio-cultural settings is needed to validate and
expand the theoretical constructs unearthed in this research.
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Abstract
Purpose of this paper:

Several extensive reviews of innovation research by the Australian Government have
emphasised the need to broaden our understanding of innovation. The relative cost of
innovation is higher for SMEs than large firms, often due to their limited available
resources. There is a paucity of research into the way advanced manufacturing SMEs
effectively implement technological product and process innovation in collaboration with
external partners. The aim of this research is to conceptually determine and empirically
test a framework to effectively implement innovation within an Australian advanced
manufacturing (AMSME) sector to improve competitiveness. This research enhances
knowledge of the significance of resource transfers from public sector partners to the
AMSMEs.

Design/methodology/approach:

This study employed case study as the research method. Five interviews were conducted
amongst the advanced manufacturing SMEs who are the recepient of Australian
Commonwealth grant to engage with the Commonwealth Scientific and Industrial Research
Organisation (CSIRO) for product-process innovation development and implementation.
The dynamic capabilities view (DCV) was employed as a perspective for examining the
combination and configurations of internal and external resources that enable a firm to
build new capabilities which allow them to effectively implement innovation.

Findings: Results revealed that AMSMEs benefit from new-technology related capabilities
including access to tacit and codified knowledge possessed by expert researchers and
practitioners. Through CSIRO facilitated grants AMSMEs are connected to public sector
experts with access to otherwise inaccessible testing and validation equipment. The new
knowledge was found to contribute to process and product innovation benefits that can be
expected to lead to market and financial benefits especially in the pre-production stages
of concept and R&D.

Value: This study enhances understanding of the interrelationship between innovation
and firm capabilities. The resource transfers provided by external partners clearly do
enhance SMEs’ abilities to effectively implement innovation and thus assist Australian
manufacturing’s vital shift of focus from heavy industry to high tech products based on
sustainable and advanced processes.

Research limitations/implications: Future research, extending beyond external
resources identified in this framework should allow comparative analysis between differing
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classes of external research providers (i.e. external market and commercial sources) and
differing categories of SMEs (i.e. non-grant recipient).

Practical implications: Practical outcome benefits exist for policy and decision makers
in (1) AMSMEs, (2) Government funding bodies, and (3) Grant facilitators (CSIRO SME
Connect) and (4) Advisory Firms. The combinations and configurations of factors of
innovation that the AMSME should commit to innovation have been explored and managers
can make more informed decisions regarding resources they commit to the innovation
process. AMSMEs can therefore, effectively implement innovation using the innovation
framework.

Keywords: Australian manufacturing SMEs, Public sector partners, Product and process
innovation, Technological innovation

INTRODUCTION

Innovation has been defined and discussed in various forms and perspectives with a clear
consensus holding innovation as a priority for organisations to achieve competitiveness
and high performance growth (Abidin et al., 2011). Firms must effectively implement
innovation and continuously innovate to create new competitive advantages (Crossan and
Apaydin, 2010). Developing innovation as a source of competitive advantage has become
a strategic priority for small and medium sized enterprises (SMEs) (Brunswicker and
Vanhaverbeke, 2015, McAdam et al., 2014, Dumay, 2014). Australian advanced
manufacturing SMEs (AMSMEs) must carefully consider technological innovation in order
to create social and economic value through sustained and incremental improvements to
existing products (goods or services) in existing markets and to ensure a secure future
with breakthroughs in major, disruptive products and production processes. It is through
innovation that new-to-the-world, and subsequently new-to-the-firm, products and
methods of production are discovered and applied. Exploring factors that facilitate the
process by which SMEs can effectively implement innovation is therefore vital. The
combination of internal and external resource factors of innovation and the relationship
between them has a significant impact on innovation outcomes and ultimately the firm’s
competitiveness. Most SME managers face substantial resource constraints that heavily
influences their decision making (Freel and Robson, 2016). SMEs can overcome new
challenges by applying combinations of the internal and external resources available to
the firm as capabilities that serve as innovation inputs (Roos and O'Connor, 2015). By
successfully managing the inputs to innovation the AMSME can improve their innovation
outputs and outcomes, survive and perhaps even flourish despite resource constraints
(Sarasvathy and Venkataraman, 2011, Senyard et al., 2009). An example is where an
AMSME uses a government grant to obtain direct interaction with the scientists or
engineers with tacit knowledge or with access to equipment and routines required to
unlock the potential of the new knowledge.

The aim of this research is to conceptually determine and empirically test a framework to
effectively implement innovation within the AMSME sector to improve competitiveness. In
order to achieve this, firstly an investigation into the internal and external factors of
innovation was undertaken. Then, the research uncovered the extent that public sector
partners, when added to the internal resources of the firm improve innovation outcomes.
After this the investigation turned to the relationship between innovation (combination
and configurations of factors) and competitiveness. The question to be explored is, "How
can innovation be effectively implemented in Australian AMSMEs to improve
competitiveness?”

We organise the paper as follows. Next section provides a review of literature and
theoretical framework, enabling a lens to view both the firm and the phenomenon of
innovation. The study will then reveal the research framework to investigate how firms
can improve their competitiveness. The next section discusses the research methodology
adapted in this study. The results of the analysis is provided and discussed with the
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outcomes proving timely and relevant, with much current, political and industry debate.
The paper ends with a conclusion in the last section of the paper.

LITERATURE REVIEW

The nature of business competition in Australia has shifted over the past two decades, due
largely to increasing complexity of the global business environment coupled with changes
to customer preferences, government regulations, technology and competitors. This has
reshaped the previously distinct manufacturing sector to the services sector (O'Connor et
al., 2015, James et al., 2015). Pushed by prominent Australian academics aligned with
industry the Australian Federal government announced advanced manufacturing (AM) as
one of six sectors of strategic strength and competitive priority to Australia’s secured
future (Department of Industry, 2016). These advanced manufactures tend to be SMEs
and also have the distinction of rarely being profiled or discussed in the media. The Federal
Government estimates there are 2,500 globally-relevant and competitive AMSMEs that fall
under the newly assigned AM sector classification from sub-sectors including: food and
agribusiness, mining equipment and technology, engineering applications, precision
instruments, cyber technologies, defence, aerospace and transport, medical devices, blood
plasma therapies, and advanced materials and chemicals (Roberts, 2015). The pressing
impetus to innovate for AMSMEs arises from technology and market changes, both locally
and globally (Roos, 2015). It is through new knowledge, access to proven technology and
effectively implemented innovation that AMSMEs can help build, grow and maintain a
strong Australian manufacturing industry (Bennett, 2014).

It is now widely accepted in the literature that innovation is the combination of an inventive
process and an implementation process (application, commercialisation, exploitation) to
transform new knowledge into new economic or social value for defined stakeholders
(Hindle, 2009, Hindle and Yencken, 2004). This can be displayed in a simple equation:
Innovation = Invention + Implementation. Our study makes no pretence to further
understanding of the inventive process. Instead, focus will be centred on the
transformative, innovation implementation process. For the purposes of our study,
innovation is therefore defined as a dual process encompassing: "The creation of new
products, processes, knowledge or services by using new or existing scientific or
technological knowledge, which provide a degree of novelty either to the developer, the
industrial sector, the nation or the world and succeed in the marketplace” (Galanakis, 2006
p.1223). Our research has narrowed the focus of what is new, to include technological
type innovations, in the form of either products (goods and services) and/or process
(inclusive of new materials being used in the production process) (Camisén and Villar-
Lopez, 2014). “Technological product and process innovation (TPP) has been implemented
if it has been introduced on the market (product innovation) or used within a production
process (process innovation)” (Mortensen and Bloch, 2005 p.25). TPP account for nearly
50% of total innovation activities in the Australian manufacturing industry (Jayaram et al.,
2013).

There is a shortage of research into the way firms effectively implement technological
process innovation through combinations and configurations of resources, leading to new
or substantially improved products. The actual impact of process innovation as a factor of
innovation needs to be measured with regard to the aspects of speed, quality, flexibility
and cost efficiency. In the short run, investments in process innovations will likely require
significant internal resources and result in financial losses (Gunday et al., 2011). This
study will therefore focus on the lesser known impact of process innovation as a
production-oriented activity and how improved efficiencies lead to new or improved
products. Process innovations have an indirect effect on business performance through
new or significantly improved products and/or services (Hervas-Oliver et al., 2014, Piening
and Salge, 2015). This will enable the study of the interrelationship between product and
process innovation to be advanced (Camison and Villar-Lopez, 2014). Gunday et al. (2011)
also evaluated the in-firm innovation production process benefits and the resultant
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innovation performance and competitiveness of firms’ measures through production,
market and financial outcomes.

THEORETICAL BACKGROUND AND RESEARCH FRAMEWORK

In order to answer the research questions our study adopts the Dynamic Capabilities View
(DCV) as a perspective for examining the combination and configurations of internal and
external resources as innovation factors that enable a firm to build new capabilities which
allow them to effectively implement innovation (Teece, 2012). The widely accepted view
of Danneels (2016) is that first-order operational capabilities are defined as lower order
current technology-related (functional, technological, technical and production) or current-
market related (current-customers and markets) capabilities (Camisén and Villar-Lépez,
2014). Operational capabilities use knowledge that has a clear, immediate use in current
technologies and markets. This infers that they are specific to a particular technology or
existing customer base. Simply, the firm is able to make a living by serving its current
customers, in existing markets using their current technological processes and products.
New-technology and new-market related capabilities are considered second-order
capabilities and consistent with DCV as they enable a firm to build new operational
capabilities, which allow them to use new technology and serve new markets. If a firm’s
current-technology and current-market related capabilities are insufficient to exploit the
new knowledge then new-technology and new-market related capabilities must be
exhibited. The quality of the first-order capabilities (e.g., knowledge about its customers
and competitors and technological expertise) is then changed by the second-order,
dynamic capabilities. After implementation (process innovation) or successful
commercialisation of the innovation (product innovation) the firm must continue to
evaluate new knowledge in order to innovate and thus the cycle of first and second-order
capability assessment and enhancement repeats during the process of innovation
evaluation. Significant to our research the process innovations have also been considered
as second-order, dynamic capabilities in the literature (Piening and Salge, 2015).

New knowledge impact
. Technology-production impact
. Market-customer impact
Operational capabilities
. Current-market/customer capability
Current-technological/technical capability

Dynamic capabilities Competitiveness
Absorptive capacity Producti P i f
New-technology capabilities Innovation roduction/quality performance

New-market capabilities s Productnewness *  Financial performance
Production process innovation s Productimpact *  Marketperformance

Organisational . Competitive
- Innovation »
capabilities outcomes

Knowledge

Intensive Business
Services
(KIBS)

Knowledge sources/partners
External market and commercial sources
Public sector sources
General information sources
Other firms within the group

Figure 1: Conceptual framework of Innovation-competitiveness

The Open Innovation (OI) paradigm is viewed as an organisational innovation strategy to
increase the competitive advantage of a firm (Natalicchio et al., 2017). It is through the
critical dynamic capabilities, and in particular the absorptive capacity of SMEs, that
linkages are made with external sources of new knowledge and resources. Although SMEs
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are often more flexible and focussed on specific products/services, few have shown the
capacity to manage the innovation process by themselves particularly in knowledge-based
and high-tech industrial markets (Grimaldi et al., 2013). Chestbrough (2002) considers
the importance of accessing and exploiting external knowledge as an essential strategy to
support OI. SMEs however, have been largely neglected in the OI literature (Brunswicker
and Vanhaverbeke, 2015). The identification of different collaboration partners, and
reasons for these collaborations, will enable better understanding of the external factors
of innovation and thus will be important to this research project (Beckett & Chapman
2014; Bocken et al. 2014; Brunswicker & Vanhaverbeke 2015; Chatha, Butt & Tariq 2015).
External stakeholders and sources for transfers of knowledge/technology and resources
have been clustered by the Oslo Manual (2005) under external market and commercial
sources, public sector sources and general information sources. Knowledge-intensive
business service (KIBS) providers, such as public sector partners like CSIRO play a
fundamental role in innovation and competitiveness in knowledge based economies and
are now attracting a great deal of attention (Ciriaci et al., 2015).

RESEARCH DESIGN AND METHODOLOGY

Our study employed an interpretive, abductive approach to explore the innovation
implementation processes through DCV. Because of the emergent nature of this topic, we
opted for an exploratory multiple case study method. A qualitative case study methodology
was appropriate because it supports study of complex phenomena within a specific context
(Eisenhardt, 1989), in this case innovative AMSMEs. We examined the most recent
information available about the company’s strategy and the environment in which they
operate. In addition, the first author conducted semi-structured interviews with key
owners/managers to gain insight into the innovation implementation process within the
company. The first author modified the tentative framework iteratively by comparing the
case studies with theoretical foundations, the participant firms and grant facilitators. The
second, third and fourth authors maintained an outside perspective during the iterative
data collection.

Qualitative synthesists recommend that an in-depth synthesis of purposefully selected
studies is more valuable than a superficial synthesis of a large humber of studies. The
logic and power of purposeful sampling lies in selecting cases that are information-rich
and therefore can be studied in-depth (Suri, 2011). Key informants are required in order
to identify and gain access to information-rich cases. In order to do this an initial meeting
was held with the two Victorian based CSIRO grant facilitators as well as the director and
manager of the programme. The purpose was to understand the grant selection process
and to ascertain the importance of each sub-sector. In choosing the case studies that were
used in the study, all defined AM sub-sectors were considered and the expert
recommendation was made to focus on: (a) Food and Agribusiness (Food), (b) Medtech
and Pharmaceutical (Medtech) and (c) Advanced materials (Materials). CSIRO’s grant
programme manager contacted the facilitators who covered each sub-sector, across both
Melbourne and Sydney. The facilitators then provided a list of potential participant firms.
The owner or senior manager was identified as the contact point due to their intimate
knowledge of both the grant process and the company’s innovation process. From an initial
list of twenty participants, nine firms were contacted and five agreed to participate in our
study. Table 1 reveals the firm and participant details from exploratory study.

A case study protocol was developed to guide the data collection process (Yin, 1989). In
each SME, the principal researcher obtained informed consent and then interviewed one
key executive who had been directly involved in innovation implementation. The enterprise
as a single legal unit was selected and our study focussed on the particular innovation that
the firm had received the grant for. The interviews lasted about one hour and were
structured around the internal and external factors of innovation implementation and the
changes and outcomes the innovation produced. All interviews were digitally audio
recorded and later transcribed, verbatim by the principal researcher. In order to ensure
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validity the transcripts were then content analysed, using both Excel (manually) and then
NVivo (computer-aided comparative). Data triangulation was also utilised. The transcripts
were read and where required, amended by the participants. Case study interview
transcripts were written and then member checked by CSIRO’s facilitators, in consultation
with participants. Thematic analysis (Braun and Clarke, 2006) was considered a suitable
method for analysing our interview data for a number of reasons. From a practical
viewpoint, it assisted in organising the data and allowed for case study description of the
data set in rich detail. The themes within the dataset were identified and further analysis
unearthed relevant sub-themes and items (Clarke, 2016). As the various capabilities
emerged inductively from the field work, we again compared with the previous research,
conceptually substantiating the capabilities and their interrelation with innovation
implementation.

Table 1: Exploratory sample study details

(C) | Company (C#) description Respondents’ position, experience
. Heavy duty radiators/4 market segments | e Product Development Manager
ci (Materials) e 5.5 years in current role
¢ Company age 43 e Intimate product and strategic, market
. Employees (FTE) 25 knowledge
e Organic and recyclable building panels
c2 (Materials) . Founder/owner
¢ Company age 14 . 14 years as founder/owner
. Employees (FTE) 4 . Many years spent in steel industry
e Global wine market director
c3 e  Global yeast ingredients business (Food) | ¢ 5+ years in current role
e Company age 14 e Advanced production and global market
. Employees (FTE) 6 knowledge
e  Specialist chemical/polymer
ca manufacturer (Materials) e  Operations Manager
e Company age 8 e 8years in current role
e Employees (FTE) 11 e Advanced chemical/production knowledge
e  Pharmaceutical research company | ¢ Head of Drug Discovery
cs (Medtech) e 9years in current role
e Company age 20 e Advanced chemical and European market
e Employees (FTE) 25 knowledge

RESULTS ANALYSIS AND DISCUSSION

The five case studies applied technological process innovation that lead to new or
substantially improved products. All five cases manufactured a part or ingredient that fitted
into a value chain and the inherent new knowledge in their innovation differed substantially
across sub-sectors. The source of the new knowledge in four cases was externally
discovered/ sourced, providing evidence of the importance to SMEs of OI in accessing and
exploiting external knowledge (Chesbrough, 2015).

The overall pattern that emerges from these cases in relation to innovation is that all firms
were generally challenging the industry status-quo. They engaged in a constant quest to
find new ways to generate value for customers and gain a market advantage. They also
worked closely with lead customers and key suppliers to create these innovations. In doing
so they were seeking to secure and retain new business using approaches that other
competitors had failed to recognise. The innovation trigger in three cases was scientific
discovery, whilst in two cases regulatory changes provided the innovation impetus. The
qualitative findings were consistent with our preliminary understanding of the innovation
implementation process. In addition, the insights provided snapshots of the dynamic and
operational capabilities (Zahra et al., 2006). These findings enabled us to link between
kinds of innovations and impact on firm capabilities. In Table 2 we can see the impact of
each innovation on both the technology-production and market-customer capabilities as
either enhancing (conserve/entrench) or destroying (disrupt/render obsolete). This is
reflective of whether the technology-market already exists and is being exploited by the
firm or whether the technology-market is new to the firm.
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Table 2: New knowledge impact on capabilities of AMSMES

Critical themes/ items [C1|C2 |C3/C4 C5 Representative quotation
Production [Production C1. "We discovered that our own core baked process changes that
impact systems/ E|D |E|E|E solder alloy such that it actually puts a leaded layer, a led
(enhancing forganization concentrated layer in there".
(E),
Destroying (Skills (labour, C1. "What we did with CSIRO was, we had evaluated a number of
(D) managerial, |E | D |E | E | E |lead free, off the shelf lead free solders. We'd run a number of tests

technical) and we had set up a validation test here".

Capital ElplelplE C2. "We are looking for another facility and looking for plant and

lequipment equipment”.

Knowledge

and C3. "It helped us to understand that we actually have to manufacture

. E|D|E|E|E S . s

lexperience the yeast strain in a certain fashion".

base

Relationship

with ElplelElE C2. "So with the nature of your customer base - this is almost an
Market~  [cUstomer entirely new market".
customer  [2ase : i :
impact IChannels of C1. "We do a lot of export directly to Caterpillar globally... Caterpillar|
(enhancing distribution | E | D | E | E | E production now runs out of our Thailand plant, we export out of there
(E), and service as well".
Destroying [Customer Elp|g|E|E (62 "Bad fires they had their in Melbourne in 2011 T think it was
(D) knowledge (customers required)... alternative building methods".

Based on (Danneels, 2016, Garcia and Calantone, 2002, Abernathy and Clarke, 1993) we
have developed Figure 2. Figure 2 plots each of the 5 cases in either one of four quadrants,
primarily based on the outcomes of Table 2. Due to the small sample size and qualitative
nature of the research the exact X and Y axis coordinates are not considered. There are
however, recommendations for the management of each kind of innovation but they are
not included in this paper for brevity sake.

In support of the link between types of innovations and impact on capabilities, the
incremental innovation implemented by Cases 1, 3 & 5 served to further conserve,
entrench and build on both their current-market and their current-technology related
capabilities (Table 3). The technology-production impact, was evident in Case 1: With an
operating point at 230 degrees and a lead melting point at 189 degrees testing revealed
structural changes to the alloy that meant the firm were able to meet the requirements
with their current technology related capabilities. For Case 3 "it helped us to understand
that we actually have to manufacture the yeast strain in a certain fashion". They were able
to then draw on: "Our key expertise... to do high quality dry yeast manufacturing".
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Conserve/Entrench Existing
capabilities
(uses Current-technology capabilities)

Incremental Technology Market driven
innovation existing in firm innovation

New _co_nnections_gr_nong Connecting existing
existing capabilities technology to a new market

Conserve/Entrench Existing K isting f K Disrupt Existing/Create New
capabilities Market existing for .| Market new to Capabilities

(usesC;:uarEﬁ?tti-er:)a rket firm firm (requires New-market
P capabilities)

Connecting new technology to New connections among

existing market capabilities new capabilities
A
Technology Technology new to _ Radical
driven firm innovation
innovation

Disrupt/Obsolete Existing Capabilities
(requires New-technology
capabilities)

Figure 2: Link between kinds of innovations and impact on capabilities
Table 3: Operational capabilities of AMSMEs

Critical themes/ items g g g : (5: Representative quotation
E:;)tg:gggseaa:dom its slvlslsl Gt "Because of this new innovation the competitors we have
Current- competitors learned have all of a sudden gone".
market Distribution
capabilities channels or sales 1 sl €30 1. " still sell it to distributors who then on-sell it for us
force globally and all around the world".
zroe?';sitclﬁg or v/l [Cl: "The products are manufactured both in Thailand and in our
fapcilities plant (Melbourne)".
Current- — L n )
technolo Technological /1 /11, C3: "But on top of that you've also got all of the technology and
capabiliti?; expertise. IP that is part of dry yeast manufacturing.
Enagineering skills C1l: "Now the metallurgy of that - we kind of know is possible
ang resour%es v'| |V |Y|¥ from bonding two bits of copper together but we don't really have
) @any clue about how to get it to happen".

In contrast Case 2 implemented a production process that was entirely new to the firm
(Figure 2), the impact of which destroyed/replaced the current-technology related
capabilities. This is also reflected (Table 4) in new-technology related capabilities (setting
up new types of manufacturing facilities and operations): "We are looking for another
facility and looking for plant and equipment at the moment too". The incremental
innovations conserved/entrenched current capabilities and drew heavily on the current-
market capabilities of Case 1, 3 & 5. The radical innovation type of Case 2 however resulted
in a change in the "... nature of (the) our customer base - this is almost an entirely new
market". Significantly and in support of the disruptive potential of the innovation, "... the
competitors have all of a sudden gone”. The technology driven innovation implemented by
Case 4 aligned with the extent of new-technology related capabilities and current-market
related capabilities.
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Table 4: Dynamic capabilities of AMSMEs

Critical themes/items C1/C2/C3|C4/C5Representative quotation
Assessing the C3: "It includes our distribution and our global pricing, which,
potential of new VIV v Imarkets we are going to go into, which geographies we are going
New- markets. to act in, and which ones we are not going to be a part of".
market Setting up new
related distribution v v C2: “Being an entirely new market has meant new distribution”.
- [channels.
capabilities Researching new
competitors and s1vls|, G20 "We need to make" sure we produce a product that is fit for
purpose for all markets".
new customers.
Assessing the C1: "What we did with CSIRO was, we had evaluated a number of
feasibility of new | v v | v | vV |lead free, off the shelf lead free solders. We'd run a number of tests|
technologies. and we had set up a validation test here".
Recruiting
te:gr::izrlsalpeas it |v v C1l: "Actually we don't have the metallurgy capabilities to
New- . L understand this problem and do something about it".
is not familiar
technology with
(rzzla:ta)?lities Identifying C3: "So that gave us valuable insight into what the pros and cons
P promising new v v |¥Y|v|¥ were. And that we should be getting hold of this technology as fast]
technologies. as possible".
II’]r:v[\)II(tam(—:;tlonfg C3: "It helped us to understand that we actually have to
yp v | v | v Imanufacture the yeast strain in a certain fashion To enable it to|
production - : "
brocesses maximize the actual property that we are talking about".

Table 4 shows that regardless of the kind of innovation implemented all firms
demonstrated dynamic capabilities. This is consistent with an OI strategy where firms must
search for new knowledge outside of their own internal confinement (Natalicchio et al.,
2017). Case 2 however had previously been operating in the steel industry and was now
working with “a recycled product and also an organic product” that was "almost an entirely
new market”. "We are building the first of these units right now, literally we started
yesterday" (Case 1). Our ".. next step is to get validation and once we are through
validation we will go through the commercialisation process (with CSIRO)" (Case 2). "...We
had a vested interest and they obviously had a vested interest to get it out there
commercially into the wineries’ industry” (Case 3). In support of Chestbrough’s (2002)
open innovation paradigm all cases considered the importance of accessing and exploiting
external knowledge as an essential strategy to support innovation implementation.

KNOWLEDGE INTENSIVE BUSINESS SERVICES (KIBS)

The external resources that all SMEs lacked were technology & process technologies and
the human capital required to apply critical scientific skills. The point in which the CSIRO
(KIBS) intervened ranged from support for self-diagnosis to implementation of solutions.
In particular it was through CSIRO facilitated grants that AMSMEs connected to experts
with access to otherwise inaccessible testing and validation equipment and experts (Table
5). This was a significant factor in the SMEs building enhanced capabilities.

Table 5: Knowledge intensive business services

Critical themes/ items (1: (2: C3C4(5: Representative quotation

C2: With the University of Wollongong. We had a collaboration
grant where they obviously had the equipment and structural
knowledge on building materials. And they've built a proto-type|
Public sector for us.

sources CSIRO vIv1v1v |, |CLl: These guys [C$IRO metallurgists]... They were just really|

top notch metallurgists

C1l: We also know through service branches of the business,
both through the group and also through our own doings and
general knowledge of the market place, you know, who really|
has the biggest market share.

Universities |v' |V

Other firms within the group |v viv
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Table 6 shows the new knowledge was found to contribute to production process
innovation benefits including: increasing output quality in manufacturing processes,
techniques, machinery and software (“improved our quality metrics” Case 1; "... met the
standard or went above and beyond the standard"” Case 2; and "... maximize the actual
property” Case 3). Interestingly Case 2 was also able to decrease variable cost components
in manufacturing processes, techniques, machinery and software. "We are not importing
product anymore because we don't need it. We are doing it differently which ultimately
does the construction cheaper".

Table 6: Production process innovation benefits

Critical themes/items IC1/C2/C3(C4 C5 Representative quotation
Decreasing variable cost and/
_Jor increasing delivery speed in v C2: "The other thing that we are doing different too is we|
S Zdelivery related logistics are not auto planning... saves heat to cure it”...
B =processes
3 dIncreasing output quality in
S @manufacturing processes, sIlvlvs s, €l "Yeah I mean we've probably improved our quality
"5 Jtechniques, machinery & metrics".
& Esoftware
o - -
g ECD:rfﬂre:nstleTﬁgtsviann;t:alﬁuigsctturin C2: "We are not importing product anymore because we
geomp . 9 v don't need it. We are doing it differently which ultimately
processes, techniques, ) "
: does the construction cheaper".
machinery and software

Table 7 shows the production performance of the firms was therefore improved through
production conformance quality (Cases 1-5) and production cost (Case 2). This can be
expected to lead to market and financial benefits (Table 7) especially in the pre-production
stages of concept and R&D. This is consistent with the findings of Gunday et al., (2011).

Table 7: Competitive outcomes

Critical themes/items |[C1|C2/|C3 C4|C5 Representative quotation
o [Production (volume)| , | , C1: ...highest volume for customers like Kenworth and Caterpillar...
S S [lexibility Low volume for the current industry, high volume for us.
5 E - C2: "We are not auto planing it so we don't need to put the heat
25 Production cost Y onto it to get it to cure".
EFE’ g o vlv]v v F:3: S.o thgre measure will be if the property shows itself through
Conformance quality in a significant quantity
v C1: ..turning over in terms of sales per year or pretty close to it.
[Total sales 75% of the annual [turnover].
2 d v v C3: So it just has that level of buy as I said very much the market
©  oMarket share pull and it will give us an increasing customer base for sure.
8 = gCustomer v v C1: ..what we have done is protected our sales and are able to
S ¥ Ssatisfaction grow with our key customers
S g d v Cl: We do a lot more export directly out of here to Caterpillar|
L QEXport revenue* globally

CONCLUSION, IMPLICATIONS AND LIMITATIONS

This study provides new insight into the way AMSMEs implement innovation and the impact
that new knowledge has on capabilities. This research proposes an innovation reference
model / framework on Australian advanced manufacturing, SMEs and industries of
strategic importance. Research output identifies the significant internal and external
factors of innovation, for which there is currently no principal framework in Australia. This
enhances our understanding of the innovation implementation process and the interplay
between internal and external factors of innovation. Theoretically and practically the study
enriches understanding of the interrelationship between process and product innovation
as called for by Camison and Villar-Lopez (2014). The resource transfers provided by
external partners clearly do improve SMEs’ abilities to effectively implement innovation
and thus assist Australian manufacturing’s vital shift of focus from heavy industry to high
tech products based on sustainable and advanced processes. The findings of this study
can be generalised to other knowledge based economies.
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Practical outcome benefits exist for policy and decision makers in (1) AMSMEs, (2)
government funding bodies, and (3) grant facilitators (CSIRO SME Connect) and (4)
advisory firms. The combinations and configurations of factors of innovation that the
AMSME should commit to innovation have been explored and managers can make more
informed decisions regarding resources they commit to the innovation process. AMSMEs
can therefore; effectively implement innovation using the innovation framework and KIBS
can mentor them with an empirically tested framework. KIBS, such as facilitators of public
sector research-industry collaboration programs and AMSMEs increase their understanding
of how to improve process and product innovation output through identification and
collaboration with external public sector partners as sources of new knowledge.
Understanding the impact of innovation on a firm’s capabilities will allow AMSMEs and
practitioners to make an assessment regarding the attractiveness of the new knowledge
at the firm level. This will allow firms and practitioners to concentrate on the activities that
are likely to lead to radical, disruptive innovation as well as to successfully implement the
innovation that they have discovered. For KIBS, such as CSIRO who act as gatekeepers of
new knowledge, this framework can help them to determine AMSMEs who are in the best
position to implement and exploit inventions that they have access to.

Further research should focus on a much larger sample size of AMSMEs and include both
grant and non-grant recipient SMEs who have accessed more external knowledge/partners
and have actually undertaken commercialisation. The findings of this study can then reveal
an innovation evaluation framework that can also be tested quantitatively. Further study
is needed to link the importance of absorptive capacity (Ferreras-Méndez et al., 2015) to
each kind of innovation. Further research also needs to consider a wider range of KIBS
and the particular point of intervention, the knowledge/resource gaps that they fill and the
benefits to the firm. Whether the knowledge flows are inbound (outside-in), outbound
(inside-out) or coupled and the specific variation exhibited also requires more investigation
(Pisano, 2017).
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Abstract

Purpose: The aim of this paper is to conceptualise a structural model of environmental
sustainability for the O&G SC. Following the recommendation of Carters and Rodgers
(2008) that a conceptual framework should be underpinned by strong theoretical
foundation, we combined the relevant elements of the Institutional theory (Dimmagio and
Powell 1983) with the Natural Resource Based View (NRBV) of Hart (1995) to depict the
roles of regulatory pressures in driving supply chain innovations and environmental
capabilities towards competitiveness of O&G firms. This research proposes structural
model and relevant hypothesis to delineate the causal relationships among constructs.

Design/methodology/approach:This research adopts a theory building approach
(Meredith 1983) to develop a conceptual framework of environmental sustainability for the
O&G SC. The proposed model is based on a structured literature review which synthesised
the extant into four clusters (coercive pressures, resources, strategic environmental
capabilities and competitive advantage) that are considered relevant to the objectives of
the study within the two theoretical lenses (Institutional theory and NRBV). These clusters
were developed into various constructs that made up our model, based on hypothesis
developed from the extant literature. Finally, the managerial implications, value and
limitations of the study were highlighted.

Findings:In line with Liang et al. (2007), we found that regulatory pressure is a critical
factor in the O&G firm’s adoption of environmental practices, hence we depict this as the
antecedent of resources and environmental capabilities in our proposed model. We also
found that environmental capabilities can enhance the competitiveness of O&G firms.
Based on the above, an overarching model of environmental sustainability of the O&G
supply chain was developed.

Value:In the first instance, this paper has contributed to theory building process in the
field of GSCM/SSCM by developing a new theoretical model for the O&G SC. Unlike
previous models on environmental sustainability in the O&G industry, our study utilised
relevant components of existing theories propose a new model of environmental
sustainability in the O&G SC. Besides, our model depiction of clean technology as one of
the strategic environmental capabilities needed by O&G firms is very novel in the O&G
industry considering the global drive towards clean energy and renewables.

Research limitations/implicationsAlthough the model is purely conceptual at this
stage, its development have also contributed to theory-based research in the field of
supply chain management.

Practical ContributionOn empirical verification, this work can furnish the supply chain
managers with validated measurement scales to evaluate the strengths and weakness in
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their supply chain innovation and the impacts on environmental capabilities and
competitive advantage. It can also assist policy makers in the O&G industry to evaluate
the impacts of sustainability policies on firms’ acquisition of strategic resources and
capabilities.

1. INTRODUCTION

The O&G industry is reputed as a highly ‘pollutive’ industry with destructive impacts on
the natural environment. Indeed, various incidents and accidents that occurred across its
supply chains have caused devastating effects on the environment. Such example is seen
in the Piper Alpha oil spills which resulted into 167 deaths and huge financial costs.
Consequently, the O&G industry is a critical industry subject to stringent national and
international environmental regulations (Ahmad et al. 2017). However, whether these
regulations enhance innovations to develop environmental capabilities that are needed for
the competitive advantage of O&G firms still remains unclear. Whereas concerted efforts
are being channelled into energy transitioning from fossils to renewables, it is believed
that O&G will still play a crucial role in the global energy mix in the next decades (Ahmad
et al. 2017).

Therefore, “...in view of human dependence on non-renewable energy, which leads to the
oil industry’s continued existence, any effort to reduce the negative impacts of such a
destructive industry, however minimal, should not be undermined” (George et al.
2016:197). Based on the above, this study aims to propose a green oil and gas supply
chain management (GOGSCM) framework, based on the relevant elements of the
institutional theory (coercive government regulatory pressures) and NRBV (specific
resources, strategic environmental capabilities and competitive advantage) to depict how
O&G firms can enhance their competitiveness through their adoption of environmental
management practices. The remaining part of the paper is structured into various sections
which include theoretical basis, methodology, model development, hypothesis
development and conclusion.

2. THE THEORECTICAL FONDATION

2.1. Overview of the O&G supply chain

Typically, an O&G industry supply chain is made up of three segments namely, the
upstream, the midstream and the downstream sectors. While the upstream is concerned
with exploration and production of crude oil and natural gas, the downstream covers the
refining, distribution, transportation and marketing of the final O&G products to retail
outlets and final consumers. The midstream, which is the link between the upstream and
downstream activities has no production activities, rather it is comprised of the logistics
activities and facilities that move the crude and natural gas produced at the upstream to
the refineries.

Due to the nature of the O&G industry, the entire supply chain is prone to high risk of
environmental degradation. Surprisingly, little attention has been paid to sustainability
issues in the O&G supply chain despite its importance to the global energy consumption.
For example, while sustainability issues have dominated the fields of operations
management and SCM since the late 90s and early 2000, the first sustainability research
specific to O&G SC was conducted in 2007 (Lakhal et al. 2007). As at 2017, Ahmad et al.
(2017) found that only ten articles were specific to sustainable/green supply chain
management in the O&G industry. Our literature search covering the period between 2001
and 2018 also found twenty-two articles that are relevant to sustainability of O&G SC.
Although some of these studies have proposed frameworks of environmental sustainability
in the O&G SC, their frameworks are not often based on established theories such as the
NRBV and Institutional theory. This has therefore constituted an area of interest to this
study.

2.2. The Institutional Theory: Regulatory Pressures Perspective
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Institutional theory is based on the notion that structural and behavioural changes in
organisations are more driven by the need to acquire institutional legitimacy than
competition and desire for efficiency (Liang et al. 2007). Therefore, it is a theory that
delineates how specific external pressures drive organisations’ strategic choices.
Specifically, DiMaggio and Powell (1983) portend that three institutional isomorphism
namely the mimetic, normative and coercive pressures influence firms’ strategic choices.
Mimetic pressures arise from uncertainties which result into firms’ adoption of behaviours
of other institutions like successful competitors to earn legitimacy. On the other hand,
normative pressures occur as a result of the needs for firms to internalise societal norms,
usually defined by institutions such as professional bodies. Finally, coercive pressures
emanates from powerful organisations in a firm’s environment, with a capacity to either
sanction or reward actions taken by firms (DiMaggio and Powell 1983; Esfahbodi et al.
2017). Among others, such pressures can emanate from government institutions through
environmental regulations.

Government regulatory pressure is a special form of coercive pressures because it is based
on government institutions’ power to force certain requirements on firms (Braganza and
Franken 2007). Therefore, non-compliance with the imposed requirements can lead to
serious sanction against firms. For example, TJX, a retail multinational was convicted to
pay several million US dollars, for failing to comply with the US data security law. For this
reason, coercive regulatory pressure is adjudged to have greater impacts on firms’
strategic choices than other forms of institutional isomorphism. Indeed, the literature on
institutional theory In SCM suggests that government regulations play a crucial role in
organisation’s adoption of environmental management practices. Also, in the O&G
industry, Ford et al. (2014) found that regulatory pressures have impacts on
environmental practices. In view of the foregoing, government regulatory pressure is
considered by us as a critical driver of environmental sustainability in the O&G industry.

2.3. The Natural Resource-Based View (NRBV) of the Firm

Hart (1995) theorized the NRBV as a way of integrating the natural environment into the
Resource-Based View theory (RBV). Basically, the traditional RBV portends that the
competitive advantage of firms is dependent on their ability to acquire firm-level resources
and capabilities that are difficult to replicate by the competitors. However, Hart (1995)
contends that the future competitive advantage of firms will transcend beyond mere
acquisition of internal resources and capabilities but dependent on their ability to utilise
resources to develop strategic environmental capabilities. Specifically, NRBV posits that
organisations’ sustained competitive advantage is dependent on their ability to utilise their
tacit, causally ambiguous and socially complex resources to develop three types of
proactive environmental strategies namely pollution prevention, product stewardship and
sustainable development.

A review of NRBV adoption in research after fifteen years revealed that the strategic
capabilities of sustainable development has re-emerged into two categories namely clean
technology and Base of the pyramid capabilities (Hart and Dowell 2011). In the field of
SCM, NRBYV is a popular theoretical lens adopted to facilitate the incorporation of the green
and sustainable concepts. Also, NRBV has been confirmed as a relevant theory in the
context of sustainability of the O&G industry (Hastings 1999). Therefore, we also
considered the theory as a relevant foundation for our model development.

3. METHODOLOGY

This research adopts a theory building approach (Meredith 1993) to develop a model of
environmental sustainability for O&G SC. Following the procedures in Carter and Rogers
(2008), we commenced our research through a rigorous review of literature on O&G SC,
NRBV and institutional theory. We focused mainly on synthesising findings and identifying
themes in relation to the state of current research on NRBV and Institutional theory in the
context of O&G SC. Basically, the literature review was conducted using structured
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keywords (such as sustainability, supply chain, green, oil and gas, petroleum, NRBYV,
Institutional theory) on four electronic databases namely EBSCO, Emerald, ScienceDirect
and google scholar. The articles found were examined for relevance using two criteria
namely: (@) selection of only articles that study O&G SSCM and O&G GSCM (2) selection
of articles that study NRBYV, institutional theory in the context of SCM.

The relevant articles were synthesised into four relevant clusters from the two underlining
theories (NRBV and institutional theory) as depicted in Figure 1. Based on these clusters,
relevant constructs were developed in line with the objective of this study. From the extant
literature, causal relationships were established among constructs through hypotheses.
Finally, a structural model was developed and its managerial implications were discussed.
4. THEORECTICAL MODEL DEVELOPMENT

Based on the synthesis of the literature, our model is based on four research clusters
presented in Figure 1.

Government regulations

(Institutional coercive
pressures)
Strategic environmental . .
+ g Sustained competitive

capabilities advantage

(NRBV-based)
Resources
(Tacit, socially complex

and causally ambiguos )

y

Figure 9. Research cluster for model development.

Our adoption of government pressures as the only element of institutional theory in the
first cluster is based on the position of the literature that government regulations have
critical impacts on firms’ adoption of sustainability practices. Besides, both national and
international regulations are very crucial in the O&G industry because of the climate
change and global warming issues. However, there is a dearth of research on the impacts
of these regulations on O&G firms’ environmental strategies and competitive advantage.

In conceptualising the ‘resources’ cluster, we followed the principles of NRBV which posits
that firm can only derive competitive advantage from resources that are tacit, socially
complex and causally ambiguous (Hart 1995; Hart and Dowell 2011). Since intangible
resources are more difficult to replicate by competitors and same have been found to
enhance organisations’ green competitiveness, we follow the model of Kwak et al. (2018)
by adopting ‘supply chain innovation’ as the construct of our ‘resources’ cluster. This
variable constitutes an area of interest because the position of the extant literature on the
impacts of innovation on firms’ performance has remained inconclusive. Hence, there is a
need for further research in this area.

Our model follows the pattern of previous research on environmental sustainability in O&G
industry (Hastings 1999) to retain the original NRBV variables of pollution prevention,
product stewardship and sustainable development as our strategic environmental
capabilities (Hart 1995). However, considering the difficulty of operationalising sustainable
development in business research and its reclassification into Clean Technology and Base
of Pyramid (Hart and Dowell 2011), our model adopts clean technology as the third
variable under strategic environmental capabilities cluster. This is because clean
technology is considered as one of most topical issues in the O&G industry because of the
drives towards renewables and electric cars.

To delineate our cluster on competitive advantage, we follow the position of Porter (1985)
that firm’s competitive advantage are rooted in costs and differentiation. However, since
the O&G products are highly homogeneous (Ahmad 2017), we argue that product
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differentiation might not lead to competitive advantage for O&G firms. Therefore,
considering the negative environmental impacts of the O&G industry, we argue further
that ability of firms to minimise negative impacts of operations and products on
environment can be a source of competitive advantage in the O&G industry. Based on the
above, our model conceptualises economic competitiveness and environmental
competitiveness as the relevant constructs of our ‘competitive advantage’ cluster.

5. CONSTRUCTS

From the foregoing, our model identifies seven constructs namely coercive pressures-
government regulations, supply chain innovation (as the antecedents), strategic
environmental capabilities of pollution prevention, product stewardship and clean
technology (as the intervention strategies), environmental competitiveness and economic
competitiveness (as the outcomes). In this study, these constructs are defined as
presented in Table 1.

Constructs Definition Reference
Coercive Regulatory pressures exerted on firms by DiMaggio and Powell
Pressures governments and their agencies to ensure 1983; Esfahbodi et al.

compliance with environmental standards.

2017

Supply Chain

Any incremental or radical change within the

Arlbjgrn et al. 2011

Innovation SC network, SC technology or SC processes

(or combination of all) that can influence

environmental practices of firms.
Pollution Capacity to develop Process innovation for Hart 1995; Hart and
Prevention reducing emissions, effluents and waste Dowell 2011
Capabilities
Product Ability to develop measures for reducing the  Hart 1995; Hart and

Stewardship
Capabilities

environmental impacts of products on the
society throughout their life-cycle

Dowell 2011

Clean
Technology
Capabilities

Ability to adapt to disruptive change in the
industry by adopting technology than can
cause changes or diversification in processes
and products.

Hart and Dowell 2011

Environmental

Reputational benefits derived from

Hart 1995

Competitiveness effectively managing environmental impacts

of activities more than the competition
Economic Economic benefits arising from taking Porter 1985; Hart 1995;
Competitiveness proactive environmental measures ahead of Hart and Dowell 2011

competition

Table 2. Definitions of constructs.

6. HYPOTHESIS DEVELOPMENT

6.1. Coercive Pressures and Supply Chain Innovation

The beginning of the current millennium witnessed increased government regulations
targeted at making companies to implement Environmental Health and Safety (EHS)
practices, including cleaner production. Unlike the earlier ‘command and control’ approach
to regulations, convincing arguments in support of flexible regulations with capacity to
enhance innovations motivated governments in the developed nations to enact laws that
fosters organisations’ capacity to develop innovations (Zhu et al. 2016). Such example is
seen in Germany where government regulations has enhanced firms’ innovation to reduce
emissions, avoid hazardous substances and increase product recyclability. In the context
of SCM, Zhu et al. (2016) observes that IT products retailers in Europe successfully
leveraged on innovations developed by their Taiwan manufacturers to comply with EU
environmental regulations. Also in the O&G industry, Ford, Steen and Verreynne (2014)
found that environmental regulations enhances innovations in the Australian O&G
industry. Based on the foregoing, we hypothesize as follows:
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H1: Coercive pressures have direct and positive impacts on supply chain innovation
in the O&G industry

6.2. Coercive Pressures and Strategic Environmental Capabilities
Usually, firms generate pollution and other environmental footprints in their operations.
Traditionally, costs associated with these environmental impacts are generally treated as
externalities by firms (Demeritt 2009). However, through the imposition of regulations,
companies are increasingly been held accountable for the costs of negative environmental
impacts of their activities. Consequently, many firms are developing strategic capabilities
for environmental management practices (Zhu et al. 2016). For instance, the ‘take back’
law in Germany which holds companies responsible for life cycle management of products
have also compelled firms to implement product management and pollution prevention
techniques through cleaner production and more efficient house cleaning (Hart 1995).
Also, in the O&G industry, Sharma (2001) found that government regulations are
positively related to the adoption of environmental strategies. Therefore, we hypothesize
as follows:

H2a: Coercive pressures have positive impacts on pollution prevention capabilities

of O&G firms.

H2b: Coercive pressures have positive impacts on product stewardship capabilities

of O&G firms.

H2a: Coercive pressures have positive impacts on clean technology capabilities of

O&G firms.

6.3. Supply Chain Innovation and Strategic Environmental Capabilities
Generally, innovation enables firms to develop the necessary capabilities needed for
improving their traditional inefficient business processes and product. To maximise this,
many firms are leveraging on innovations generated through their supply chain networks
(Arbjorn et al. 2011). This is because many firms lack the sufficient knowledge to
effectively manage and respond to environmental issues from their product life cycles
(Hart 1995). Hence, they collaborate with stakeholders for innovations. According to
Ahmad et al. (2016), O&G firms develop product stewardship capabilities through
innovation generated alongside suppliers and logistics partners. On this note, we
hypothesise further as follows:
H3a: Supply chain innovations have positive impacts on the pollution prevention
capabilities of O&G firms.
H3b: Supply chain innovations have positive impacts on the product stewardship
capabilities of O&G firms.
H3c: Supply chain innovations have positive impactss on the clean technology
capabilities of O&G firms.

6.4. Strategic Environmental Capabilities and Competitive Advantages
The extant literature remains inconclusive on the nexus between proactive strategic
environmental practices and competitive advantage (Aragdn-Correa and Rubio-Lopez
2007). While some empirical studies established neutral and negative findings on the
nexus between the two variables, some others have yielded positive results. Arguably,
proactive environmental practices can result into competitive advantage in terms of cost
reductions and efficiency gained through eco-design, pollution prevention, cleaner
production, recycling and reuse of outputs (Hart 1995). For instance, Texas Instruments
Company is able to save $8 million annually through its product stewardship capabilities.
Also In addition to economic benefits, Hastings (1999) found that an improved
environmental reputation (eco-reputation) can confer competitive advantage on O&G
firms. Based on the foregoing, we therefore hypothesize that:

H4a: Pollution prevention capabilities have positive impacts on the environmental

competitiveness of O&G firms.

H4b: Pollution prevention capabilities have positive impacts on the economic

competitiveness of O&G firms.
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H5a: Product stewardship capabilities have positive impacts on the environmental
competitiveness of O&G firms.
H5b: Product stewardship capabilities have positive impacts on the economic
competitiveness of O&G firms.
H6a: Clean technology capabilities have positive impacts on the environmental
competitiveness of O&G firms.
H6b: Clean technology capabilities have positive impacts on the economic
competitiveness of O&G firms.

6.5. Environmental Competitiveness and Economic Competitiveness
According to Ismai et al. (2006), organisations that are perceived as environmental
friendly are able to experience higher patronage from consumers. Thus, higher
environmental reputation has a positive relationship with revenues accruable to firms. In
practice, companies that are involved in environmental issues are found to be exposed to
cash flow distortion (Klassen and McLaughlin 1996). Such occurrences also affect the
competitiveness of their value in the stock market. For example, the share price of BP
dropped sharply by over 50% upon the Deepwater Horizon oil spills in 2010 (Fodor and
Stowe 2015). In contrast, firms with higher level of eco-reputation are able to generate
competitive advantage in terms of cost reduction (Klassen and McLaughlin 1996).
Stemming from the above, we hypothesise that:

H7: Environmental competitiveness has positive impacts on the economic

competitiveness of O&G firms.

Having established the causal relationships among the constructs of our model, the
structural model of environmental sustainability of O&G SC is presented in Figure 2.

ANTECEDENTS INTERVENTIONS OUTCOMES

H2

Pollution prevention
capabilities

Coercive pressures

Hab

H6a

Clean Technology

Economic
A capabilities J competitiveness

Figure 10. Proposed structural model of environmental sustainability for O&G SC

Supply chain
iNnnovations

7. CONCLUSION

The purpose of this paper is to propose a structural model of environmental sustainability
for the O&G SC. Following the recommendations of Caters and Rodgers (2008) that
conceptual model development should be underpinned by sound theories, we have
logically conceptualised institutional theory as the drivers of the NRBV to establish the
causal relationships among various constructs identified from both theories. Among
others, our model is different from previous models on sustainability in the O&G SC
because it is based strictly on existing theories. Besides, the concept of supply chain
innovation as antecedents of environmental capabilities in the context of O&G SC
sustainability has not been explored in previous studies on O&G SC. Similarly, our adoption
of clean technology as a strategic environmental capability in the O&G industry is novel
because there is a dearth of research on this construct in the context of O&G SC. In terms
of practical implications, our proposed model can help the operations manager in the O&G
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industry to foster innovations in their SC towards compliance with extant regulations and
minimization of environmental impacts of operations and products. Also, in view of the
global efforts to shift attention to clean energy, our model, when empirically tested can
assist O&G managers to build capabilities for the development and adoption of clean
technology which can aid the production of clean energy. This will not only results into
environmental competitiveness, it will also enhance the level of economic competitiveness
of O&G firms. Notwithstanding the above, the limitation of this study include the fact that
the proposed model has not been empirically validated in the O&G industry. Our future
research will address this through a measurement model adapted from previous studies.
Further research can also explore the roles of mimetic and normative isomorphism as
drivers of strategic environmental capabilities in O&G SC.

Future research can develop measurement items for the constructs from the extant
literature. Also, a large questionnaire survey can be administered with the top
management officers of the O&G industries to test the hypotheses proposed in this
research.
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ABSTRACT

Purpose - To provide a scientific analysis of growth prospects in Additive Manufacturing
(AM), in particular to propose a model for market size estimation taking uncertainty into
consideration and a model of key processes and stakeholders in an AM supply chain.

Methodology - This research is based on a quantitative analysis of publicly available
market growth estimates and an extensive review of literature on existing supply chain
business models (e.g. Deloitte, 2019; Durach et al., 2017; Rogers et al., 2018). The
proposed model was pre-tested, using opinions and insights from three business
managers.

Findings - Although the AM market is growing rapidly, our estimates indicate that hype
currently greatly exceeds reality. Further, traditional manufacturing through established
supply chains will maintain its dominant role for the foreseeable future. Assessment from
three business managers working with AM products reveals that our proposed model is
potentially useful when mapping out the AM supply chain landscape.

Value - A sequential view of key aspects of the AM supply chain building upon previous
literature and experts’ insights is proposed for the first time.

Practical implications: First, the market analysis method provides a basis for estimating
AM market growth potential, which is an essential decision-making tool for practitioners.
Second, the AM Value Chain model provides a basis for the analysis of key market players
and opportunities for value creation, especially in certain section-specific applications.

Keywords: supply chain, 3D printing, additive manufacturing, business models
INTRODUCTION

Additive Manufacturing (AM) and its current and future impact on supply chains is currently
enjoying extensive media coverage as well as governmental support, however, current
adoption rates are not developing as rapidly as expected. According to the forecasts of
consultancies and market research organisations, the widespread AM adoption, along with
high market volumes that, as we approach the end of the estimation periods, seem rather
over optimistic (McKinsey & Co., 2017). Despite appearances to the contrary, when one
looks at industry data, AM currently represents a very small percentage of global
manufacturing, i.e. 0.06%, with traditional (i.e. conventional) manufacturing making up
the rest (Wohler's Associates, 2016). According to a global survey of 900 companies by
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EY (2016), 38% of participants stated intentions to incorporate AM into their production
processes. However, for the foreseeable future it is unlikely to completely replace
traditional methods. It is instead expected to either be used as an additional production
technology for otherwise uneconomical or ‘impossible to manufacture’ products, or be part
of a hybrid technology.

Adoption of AM technologies will impact the supply chains of businesses across a variety
of industries, therefore, a deeper understanding of market developments and
opportunities for value creation are valuable for practitioners that are either currently
adopting AM or plan to do so in future. This paper aims to look beyond the hype
surrounding AM by analysing the existing market growth forecasts and moreover
calculating revised and more reliable estimations of global market size and growth
expectations. Furthermore, we provide a basis for estimating the business impact of AM
in terms of supply chain management activities. To do so, we propose a model for the AM
value chain, based partially on the model developed by the German ‘Mechanical
Engineering Industry Association’ (VDMA e.V.).

BACKGROUND

Additive manufacturing is broadly defined as the collective terms for technologies that
enable 3D printing of physical objects (Conner, et al., 2014). As the technology developed,
business applications grew, meaning that AM progressed beyond its rapid prototyping
origins and is now increasingly being used for production items, with some sectors such
as aerospace and healthcare leading the way (Campbell, et al., 2012; Ozceylan, et al.,
2018). Following the advent of cloud computing-based technologies, mobile data and the
corresponding digitalization of supply chains, AM is now becoming a viable business option
(McKinsey & Co., 2017; Stratasys, 2017). While coverage of the technical aspects of AM
for applications such as engineering (Frazier, 2014; Villamil, et al., 2018), healthcare and
medical devices (Gibson and Srinath, 2015) is relatively plentiful, the business perspective
is lacking in. This is particularly the case in key aspects such as the impact of AM on
business models, supply chains and traditional manufacturers’ degree of ‘fit’" for AM
(Ozceylan, et al., 2018; Rogers, et al., 2018). Also, research that focuses on key partners
such as service providers and networks are scarce. Academic publications covering these
areas of AM are a more recent trend, as most were published from 2014 onwards (Durach,
et al., 2017; Oberg, et al., 2018; Sasson and Chandler Johnson, 2016). Therefore, there
is an imperative to improve upon the coverage of the AM market from a more holistic
perspective, and more specifically to better understand its implications on firms’ value
chains and supply chains.

I. Supply chain perspective

Porter (1992) proposed that a firm’s activities can be viewed as a value chain of primary
activities, such as operations and supporting activities such as procurement. As AM has
the potential of making processes such as design or distribution more collaborative,
questions regarding how these processes will be conducted in the future arise (Villamil, et
al., 2018). For example, collaboration is required between suppliers of AM raw materials
and equipment manufacturers, as materials must be compatible with machines and
production techniques (Oettmeier and Hofmann, 2016). Research on supply chain
collaboration suggests “social resistors” impose barriers to creating competitive
advantages through collaborative processes, e.g. users and manufacturers (Swanson, et
al., 2017). Therefore, rethinking processes to encapsulate the whole supply chain is
required to make organisations fit for AM (Frazier, 2014).

The current view from academia predicts considerable - and even transformative -
changes to supply chains. However, the consensus appears to be that AM will not replace
traditional methods but instead used to enhance traditional manufacturing (Durach, et al.,
2017; Sasson and Chandler Johnson, 2016). In brief, issues with AM are related to material
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technology (allowing a unit to be produced from different materials at once), production
speed and quality, legal issues (intellectual property, liability and warranties, and pricing
of printers materials and scanners (Gausemeier, et al., 2017). Entering the market for
such a technology requires dynamic and responsive supply chains for a sustained
competitive advantage but to date few manufacturers have a clear AM strategy or use
cases (EY, 2016). This paper addresses the aforementioned research gaps by proposing a
synthesis of market growth expectations and an AM Value Chain Model derived from
qualitative and quantitative research.

II. Market analysis

In line with the approach taken by Berekoven, et al. (2006), whereby they found reliable
and representative output data can be collected from external public sources provided the
samples are large enough, this research draws on freely publicly available secondary
sources used as a basis for a quantitative analysis of the growth in AM market. In
particular, we rely on reports prepared by management consultancies, AM businesses and
adopters, as well as market research organisations. These reports are included to ensure
sufficient coverage of differing perspectives in calculating objective market estimates.

To ensure a robust estimation of AM market size and growth can be calculated, simplifying
assumptions need to be applied. The year 2017 is set as the “present” owing to the time-
lag of published data. Although past data on market volumes differs, it is assumed here
that they are equal to the average of publicly reported estimates. Owing to inconsistent
and inseparable data all AM-revenues are treated equally, meaning there is no separation
made between B2C and B2B customers, as well as between revenues from sale of
equipment, technical consulting or other services. For future growth rates, two extreme
growth scenarios starting in 2016 are included in the calculations to frame forecasts,
namely, the optimistic scenario with a growth rate of 34% and the rather pessimistic
scenario with a growth rate of only 10%.

Estimates for growth rates are obtained via a two-step calculation. The compound annual
growth rate (CAGR) for the past four years is calculated using equation [1.1] (Anson, et
al., 2011). The same goes for forecasted market volumes from 2018 to 2022.

CIGR tn=to [Market Size, 1 [1.1]
(toitn) — Market Sizeto .

Uncertainty is included in these estimates by using two different growth scenarios in the
derivation of our (conservative) estimates. In this way, future estimates display a corridor
of possible outcomes, whereby our estimates will always be below public estimates or the
average of all estimates. Aggregated estimates are obtained by averaging annual data
according to equations [1.2] to [1.4].

. . > Public Estimates
@ Public Estimate =

NPublic Estimates [ 1. 2]

Growthy;g, + Growth,,,, + @ Public Estimates
3
Y. Public Estimates + @ Our Estimate + Growthy; s, + Growth,,,,

[1.3]

@ Our Estimate =

@ All Est.= [1.4]

NPublic Estimates +3

This generic and initial model yields robust estimates of market size and growth. The
rationale for this approach is that this research seeks to capture diverse public opinions,
and at the same time include the possibility of sharply declining market growth into the
final estimate. Using this methodology, the past CAGR from 2013 - 2017 calculated from
sample data and own growth scenarios (as mentioned above) amounted to 27% p.a.,
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mostly due to strong growth in 2013 and 2014. From then on, growth declined to 24 % in
2016 and 2017. The data suggests a slight increase that leads to a sustainable growth
rate of 26 % from 2018 - 2022. Absolute market volumes in 2017 lie between 7.1 and
8.6 $Billion. We thus arrive at a conservative estimate of 8.0 $Billion in 2017, which is
expected to rise to 25.3 $Billion by 2022. Owing to the speculative nature of the figures,
no likelihood is applied to any of these scenarios.

Derivation of robust AM market growth and size estimates
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FIGURE 1: Derivation of robust AM market growth and size estimates (2017 - 2022) (own
calculations, based on data from (3DPrintingIndustry, 2017; 3DPrintingIndustry, 2018;
ATKearney, 2015; MarketsandMarkets, 2016, MarketsandMarkets, 2014, oerlikon, 2017,
Orbis Research, 2017; RolandBerger, 2016; RolandBerger, 2017; UPS, 2016, Wohler's
Associates, 2016))

To date the market has been driven by growth of big players such as 3DSystems and
Stratasys, both based in the US. In particular, the development of more cost efficient
solutions drove past growth rates (UPS, 2016). As both grew much less than the rest of
the market from 2015 to 2017, they are partially responsible for the declining market
growth rates experienced (3D Systems, 2018; Stratasys, 2017). In 2019, however, 3D
printing’s growth phase is predicted to return with significant increase in sales by large
public companies including 3D printers, materials and services (Deloitte, 2019). Future
market growth should come from adoption of AM quality improvements, increased
production speed and material diversity (Sculpteo, 2018). Despite benefits that include
waste reduction, increased complexity of product geometry and high degrees of
customizability, widespread adoption has not yet happened. The challenges hindering
adoption include insufficient production speed, precision and material diversity, as well as
increased energy demand and product dimensionality i.e. objects that are too large for a
given printer (Villamil, et al., 2018). Also, if an otherwise modular production unit that is
now printed requires repair, the whole unit has to be replaced - instead of just the broken
part. Lastly, switching costs and necessary investments to adopt AM on a large scale are
still too high for many companies and manufacturing process standardisation and
certification are still developing (Frazier, 2014). Future growth rates are highly dependent
on whether these issues are tackled or not. Nevertheless, 19% of participants of a global
survey by Sculpteo express confidence in the market, as they expect to increase their
spending on AM by more than 100% during 2018. Another 20% expect to increase AM
spending between 51-100%, mainly for accelerated product development (Sculpteo,
2018).
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Although the different estimates in Figure 1 are clustered tightly, suggesting broad
agreement, scenarios on the upper and lower bounds are still possible. The central
tendency remains highly positive, but due to the hype surrounding the market estimates
require cautious examination. The main guide and the undisputed AM-reports market
leader, the annual *‘Wohler’s Report’ is highly anticipated by market observers. Apart from
the considerable depth of analysis in the reports, the central hypothesis for long-term
market growth could be questioned. While technically correct, it would take 15 years of
annual market growth of 34% in our ‘high’-scenario — and 46 years if growth slows down
to 10% p.a.

What this analysis clearly indicates is that AM is here to stay and in time, depending on
the nature of the industry, is likely to be an integral part of a manufacturing organisation’s
supply chain strategy. Therefore, identifying the sources of value creation within the AM
market, as well as understanding the corresponding supply chain implications will provide
useful insights for manufacturing companies when evaluating if and when to use AM.

III. Additive manufacturing value chain model
In this section, we present value creating activities and linkages between AM businesses.

On that ground, we analyse and integrate stakeholder groups to form the AM Value Chain
Model. The stakeholder groups are illustrated in Figure 2.

Reseach Technology Technical Hardware Service
. I - and . Networks Users
Institutes suppliers Consulting Providers
Software

FIGURE 2: AM Value Chain Model (own illustration, based on (ABN Amro, 2017; BCG, 2017;
EY, 2016; New and Payne, 1995; Porter, 1992; Rogers, et al.,2016; RolandBerger, 2013;
VDMA 2018a))

The proposed model, in combination with the results of the market analysis, allows a
deeper understanding of interrelations within the market. As AM enjoyed increased
management attention in recent years, businesses consider how and if AM could be
implemented. Given the availability of necessary resources, traditional manufacturers can
enter the AM market by means of acquisition (e.g. General Electric), the establishment of
networks or collaborations and development of own solutions (e.g. HP) and specialisation
in selected aspects of value creation such as processing software (e.g. Siemens) (Rogers,
et al., 2018). Furthermore, businesses already utilizing AM technology may also share
spare printing capacities on a contract basis via online marketplaces, (e.g. Jellypipe AG,
2018) and/or in business networks.

AM will substantially shorten traditional supply chains and allow businesses to skip several,
often costly, time and energy consuming steps in a manufacturing process and thus free
up working capital along the supply chain (Verhoef, et al., 2018). Two factors increasing
supply chain complexity in traditional manufacturing - regionalisation and customisation
- are expected to be addressed by AM.

In addition, AM adoption has the potential to ‘de-globalise’ mass production, as it enables
production close to a target market. Depending on the industry, AM may make offshoring
to benefit from lower labour rates obsolete (Gibson, et al., 2015; Hannibal and Knight,
2018). Warehousing costs are reduced owing to just-in-time production, part consolidation
reduces complexity, and part delivery is accelerated (Conner, et al., 2014). Time-to-
market, as well as response time to demand shifts is reduced because digital “inventories”
of product designs allow for quick adjustments (Stratasys, 2017). Further, although print
time generally depends on the complexity of the objects, the quality of print job and the
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materials being used, printers are getting twice faster than they used to be (Deloitte,
2019). Also, major issues of unknown proportions are intellectual property rights in the
context of customer co-creation and the digitalisation of products (Leupold and Glossner,
2016). An aspect not to be neglected is that for supply chain collaboration; platforms
facilitating an exchange between collaborators need to be established beforehand. This
brings forth an array of issues related to ‘social resistors’ in organisations (Swanson, et
al., 2017). As the Union of German academies (Union der deutschen Akademien der
Wissenschaften) asserts, there are many issues across various fields of research and law
that need to be addressed prior to AM being considered an economic and sustainable
production technology (Gausemeier, et al., 2017).

CONCLUSIONS, IMPLICATIONS AND A FUTURE RESEARCH AGENDA

This research aims to determine the business impact of AM by looking beyond the hype
surrounding the market and taking an objective view based on two aspects: key market
growth metrics and the supply chain. We present a generic estimation model for market
growth metrics that takes into account publicly available estimates and our own growth
scenarios. The analysis highlighted the wide variability of existing forecasts and proposes
a method of calculating aggregated growth estimates. Furthermore, in discussing the
probability of a large-scale AM adoption in mass manufacturing, this paper concludes that
AM is currently not advanced enough to be a viable alternative to large-scale traditional
manufacturing. There are markets and parts that justify switching to AM but each case
requires individual economic assessment of costs and benefits, and there will always be
parts that are best manufactured conventionally. This view is widely supported by
academic literature and existing business cases. Being able to assess the business case
for AM is vital for organisations across a range of industries, as savings can be made.
Sectors such as aerospace and healthcare are already showing increasing rates of
production level AM, as well as for spare parts and tooling. Businesses in these and other
high tech industries expect the technology to play an increasing role in the future, hence
the formation of industry networks.

The specific contribution of this paper is twofold. Firstly, the AM market analysis
calculations provide a basis for estimating AM market growth potential and hence are a
decision making tool for practitioners when assessing current and future developments of
the AM market. Secondly, the proposed AM Value Chain Model, provides the basis for
mapping out the key market players and opportunities for value creation. As estimated
growth rates show, the AM market is not yet stable or indeed saturated. Further research
is needed to better understand the role and positioning of AM market-participants across
the supply chain, as the line between technology supplier, service provider and consultant
can be fluid. Analysing the practical implications on supply chains through use case
business model transformation of AM-adopters in a global or regional context is also an
important next step, to test the practical applicability of the model in this dynamic and
disruptive market.
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ABSTRACT

In recent years logistics scholars have stressed the need for interorganisational
collaborative development as a means to sustain the competitiveness of a supply chain.
Existing literature is fragmented and there is a need for further categorisation and
systematisation on how to create, extend and modify resources in a supply chain. Dynamic
capabilities theory constitutes a promising ground for such a development. The purpose
of this paper is to present a systematic literature review on existing interorganisational
dynamic capabilities and propose a conceptual framework of these at different hierarchical
levels.

KEYWORDS: Dynamic capabilities, supply chain, network, learning

Due to space limitations, some references have been removed throughout this work-in-
progress paper version.

INTRODUCTION

In recent years logistics scholars have stressed the need for interorganisational
collaborative development as a means to sustain competitiveness, not the least from a
supply chain perspective. Grounded in theories such as the resource based view of the
firm (RBV) and the relational view (RV), dynamic capabilities has increasingly been
acknowledged as a promising theoretical lens for such development efforts. Dynamic
capabilities, typically defined as “the capacity of an organization to purposefully create,
extend, or modify its resource base” (Helfat et al. 2007, p. 4), has in a logistics and SCM
context been further conceptualised into “dynamic supply chain capabilities” (e.g. Defee &
Fugate, 2010; Beske, 2012). So far however, there is limited research on dynamic
capabilities beyond the intraorganisational firm perspective. In fact, even the overall
linkage between dynamic capabilities theory and logistics/SCM research is still thin (Beske,
2012). A sign of this is the lack of consistency regarding key terms. Forkmann et al. (2016)
argues that “existing literature on supply chain management uses a variety of terms to
describe organizational capabilities, but these definitions are often inconsistent with the
understanding of capabilities in the management literature” (Forkmann et al., 2016, p.
186).

The increased interest in interorganisational development is not only seen in a logistics
context, but also in management literature in general. Indeed, long term success of
companies and competitiveness is increasingly explained by valuable external resources
accessed via networks or other types of collaborative relationships. For instance, from a
knowledge-perspective, it has been argued that corporate innovation is increasingly
explained by interorganisational relationships; marketing researchers stresses that
networks of firms offer benefits beyond those of single companies, and service researchers
claim that service innovation increasingly is brought to the market not by single firms, but
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by a network of independent firms. In essence, a common trait for the literature on
interorganisational collaboration and development is the notion that interorganisational
dynamic capabilities is fast becoming fundamental for long term sustainable competitive
advantage. Thus, improved knowledge and structure regarding interorganisational
dynamic capabilities (DCs) could be an important prerequisite for understanding how to
successfully manage collaborative efforts in the supply chain.

Despite extant literature stating the relevance of interorganisational DCs, existing research
is still fragmented and ill-structured, with lack of empirical data (Schepis et al., 2017).
Overall, existing literature is not clear about the scope regarding interorganisational DCs
and for whom competitive advantage is created (i.e. the individual firm or a network of
firms, or a combination of these). To strengthen future analysis and understanding of
interorganisational DCs, there is a need for clarification of different hierarchal levels of
dynamic capabilities and a categorisation of the capabilities at these levels.

The purpose of this paper is to present a systematic literature review on existing
interorganisational dynamic capabilities and propose a conceptual framework of these at
different hierarchical levels.

As a means to strengthen logistics and SCM research on interorganisational dynamic
capabilities, this study goes beyond the research scope of logistics and SCM and
investigates interorganisational DCs in a broader context, including general strategic
management as well as industrial marketing research. More specifically, the paper sets
out to (1) conduct a systematic literature review in which interorganisational dynamic
capabilities are categorized and described, and (2) conceptually construct a framework of
dynamic capabilities at different hierarchical levels, ranging from those controlled by a
network of independent firms to those controlled by a single firm.

METHODOLOGY

The research approach for the paper was initiated by an initial screening of 20 articles in
the area of general strategic management, industrial marketing and logistics/SCM that
were occupied with interorganisational development of resource bases, see Figure 1. A
first draft to a conceptual framework of interorganisational DCs at 4 different hierarchical
levels was elaborated. As an umbrella term “interorganisational dynamic capabilities” was
established as a means to stress its underlying theoretical anchoring in dynamic
capabilities theory (e.g. Helfat et al., 2007) and its attention to the creation, extension
and modification of resources and capabilities across company borders and an extended
resource base. In relation to the literature reviewed, this term typically covers commonly
used terms such as capabilities of “strategic nets” (Mdller & Svahn, 2003; Schepis et al.,
2017) and “dynamic supply chain capabilities” (Defee & Fugate, 2010; Beske, 2012).

Based on the initial article screening and the tentative conceptual framework, a search
string was thereafter constructed to cover existing literature regarding interorganisational
DCs. A systematic literature review approach was followed, which rendered 36 articles that
were included in the review results. The review results were several, but are in this paper
limited to a thematic presentation of (1) antecedents to interorganisational DCs and (2)
classes of interorganisational DCs. The result from the review was thereafter reflected
against the developed conceptual framework as a means to further develop and
characterise the different levels included in the framework.
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Initial scanning of 20 articles in strategy,
marketing and logistics/SCM

N

Conceptual framework of interorganisational DCs
Level 0: Ecosystem capabilities
Level 1: Firm-based network capabilities
Level 2: Firm-based exploitation of external capabilities
Level 3: Firm-based internal capabilities

336 articles 56 articles 36 articles Literature review themes
. f = 1. Antecedents to
Data basis search ADSEract analysis | ey | Full paper analysis | —_— d e
interorganisational DCs
Search string: Inclusion criteria Exclusion mainly due to: 2. Classes of interorganisational
"dynamic capabilit*> AND - Grounded in DC theory - Not enough grounded in DC theory DCs
(network* OR ecosystem OR - Focus on ecosystem or network- - Focus on firm-oriented external cap.

"supply chain” OR interorgani*) oriented cap.

Figure 1: Overview of the research approach

ANTECEDENTS OF INTERORGANISATIONAL DCs

A number of antecedents to interorganizational DCs are suggested in the reviewed
literature. Below some of the major ones are presented:

Strategic Orientation: An appropriate strategic orientation towards the network and its
purpose can be a key enabler to dynamic capabilities, and highlights the strategic
intentions of a company entering a network and is based on individual goals, values and
vision (Beske, 2012). In a network, each company needs to clearly communicate its
specific orientation as it can affect the entire network (Beske, 2012). A variety of different
types of strategic orientations occurs in literature. For instance, a “Supply Chain
Orientation” can enable implementation of dynamic capabilities within a supply chain
(Defee and Fugate, 2010).

Learning and knowledge transfer: Whereas literature emphasize learning as well as
knowledge transfer to be a crucial dynamic capability (e.g. in the context of absorptive
capacity), research also underline learning and knowledge transfer as an important
antecedent for the creation of dynamic capabilities (Beske, 2012). In a dynamic
environment it is important that companies have the ability to learn and codify new
knowledge in order to achieve long-term competitiveness. A network can create both
formal and informal links between members in order to share knowledge in terms of
experiences and routines. Crucial for such sharing is technology-related tools and their
applications, but also harmony between technology and its exploitation among people.

Heterogeneity: Heterogenous members provide a diverse range of resources that can
create rare constellations of resources within a network (Beske, 2012; Cabenelas et al.,
2013), which in turn can enable members to create unique dynamic capabilities.
Heterogeneity in a network is also a key factor for formulation of new knowledge and the
knowledge exchange is often larger among members from different sectors.

Trust: To engage in an alliance or network, trust is essential in order for members to be
open about their strategy and operations. Trust is developed through continuous
collaboration among members and requires a large amount of time and resources to grow
(e.g. Beske, 2012). Trust is often reflected in expectations in terms of past experience,
leadership and intentions. Also, knowledge sharing depends highly on trust as a high level
of trust typically results in a higher degree of knowledge sharing among members (Beske,
2012).

DYNAMIC CAPABILITIES AT DIFFERENT HIERARCHICAL LEVELS - A CONCEPTUAL
FRAMEWORK

Below a conceptual framework of dynamic capabilities at different hierarchical levels are
developed. The different levels are elaborated based on (1) the control of the capability,
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(2) receiver of benefits (originated from the capability at hand), and (3) the existence of
interorganisational resource involvement, see Table 1.

Network or firm Receiver of benefits  Involvement of
level control external resources

Level 0: Ecosystem  Network level Network Yes

capabilities

Level 1: Firm-based  Firm level Network Yes

network capabilities

Level 2: Firm-based  Firm level Individual firm Yes

exploitation of

external capabilities

Level 3: Firm-based  Firm level Individual firm No

internal capabilities

Table 1: A framework of interorganisational dynamic capabilities

Level 0: Ecosystem capabilities

Network capabilities are controlled by a network of independent companies, beyond the
scope and control of an individual firm (hence the terminology of “level 0”). In contrast to
the other capability levels elaborated below, ecosystem capabilities should be placed above
the company level. They are hence naturally considered to be “external resources” from a
company perspective, as well as “self-organizing” (Butler & Soontiens, 2015). The
companies in the network are all, but to a varying degree, benefiting from these
capabilities.

Ecosystem capabilities typically exist in an environment that in a marketing context has
been labelled strategic business nets (e.g. Moéller & Svahn, 2003; Butler & Soontiens,
2015; Schepis et al., 2017). Schepis et al. (2017) understand a net “to be a distinct sub-
network formed by actors and bounded by their cooperation around a particular goal”
(Schepis et al., 2017, p. 2). A strategic business net is intentionally developed and
maintained for explicit purposes (Méller & Svahn, 2003; Butler & Soontiens, 2015; Schepis
et al., 2017), with a defined role or task against its environment (e.g. Cabenelas et al.,
2013)%.

The notion that ecosystem capabilities only occurs in a business net environment with
explicitly defined objective is in line with common definitions of DCs, as these are stressed
to be conscious and aligned with specific purposes (e.g. Helfat et al., 2007).

Level 0 capabilities can best be described as routines that are accepted and supported by
the member companies, i.e. they are not controlled by a single company. Some examples
of ecosystem capabilities provided by the literature review are:

Governance routines: Butler & Soontiens (2015) argued that “While networks have a
proven ability to offer firms collective benefits well beyond those of single operations, they
require the development of specific organizational capabilities” (Butler & Soontiens, 2015,
p. 478). In a similar vein, Cabanelas et al. (2013) emphasise that successful governance
of a network is of major importance. Such a governance typically includes clear division of
roles among network members, including decision-making procedures and
multidisciplinary teams in the network to foster commitment, and understanding.

In contrast to a general network, and based on the understanding of a strategic net, we
consider ecosystem capabilities to be operating in a closed system, with defined
boundaries as well as members (Schepis et al., 2017). This in turn implies that rules and
routines regarding the entering and exit of network members becomes part of the

1 A parallel can be drawn to logistics research literature, and the difference between a
supply chain on the one hand, and supply chain management on the other.
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governance routine (this could also be managed by individual companies, see below). In
fact, design of how multiple network members should interact is a key management
question (Butler & Soontiens, 2015), and appropriate governance routines could here
facilitate long term orchestration and development.

Monitoring routines: Another fundamental capability at the ecosystem capability level is
the ability to clearly demonstrate the effective performance of the network and its use for
the network participants (Cabenelas et al., 2013). Of particular importance is to provide
an understanding for the benefits such as financial returns for the different participating
firms. Thus, a crucial network capability includes an effective monitoring of the network’s
performance.

Standardisation routines: Standardisation enables efficient knowledge and experience
sharing among network members. “Interaction norms” and “governance mechanisms”
facilitate ongoing exchange among the network members (Schepis et al., 2017).

Level 1: Firm-based network capabilities

Firm-based network capabilities are here understood as capabilities managed by one of
the network member companies, but which benefits the network as a whole. As for the
ecosystem capabilities, the firm-based network capabilities are relying on a combination
of resources that go beyond company borders.

We acknowledge, in line with a rich existing research body, that individual firms could play
a crucial leadership role for the development and transformation of the entire network of
actors. In fact, as often highlighted in logistics and SCM research, an (often) powerful
channel captain could shape the performance of the supply chain (or network) as a whole.
In a marketing context, such a role take part in hub-driven nets (Schepis et al., 2017),
managed by a “hub firm” (Giudici et al., 2018) in which the management responsibility is
concentrated to a lead actor. In recent years this role has been emphasised. For instance,
in a digitalisation context, Helfat & Raubitschek (2018) argues that for leaders of digital
platform-based ecosystems, it is necessary to possess innovation capabilities,
environmental scanning and sensing capabilities and integrative capabilities. A crucial task
related to these capabilities is the shaping, and future performance, of the platform. Some
examples of firm-based network capabilities:

Boundary management: Forkmann et al. (2016) elaborate the dynamic capability of how
to manage the boundary of the network with the objective to manage relationships in the
network. More specifically, they explore the relationship initiating capability, developing
capability as well as terminating capability, that together emphasise the need for
managing network membership over time.

Visioning: A major challenge for the network and hence an important network-oriented
capability, is to create legitimacy for the overall network goals, and encourage individual
network members to contribute to the network, by aligning specific company goals with
the broader, overall goals of the network (Schepis et al., 2017), hence a “vision proximity”
is crucial (Cabenelas et al., 2013). For this, a visionary leadership is required.

Orchestration: Strongly related to visioning and the alignment of overall goals among the
network members, a key observation in literature is the need for a purposeful coordination
of resources and capabilities among members of the network over time. For instance,
Pitelis & Teece (2018) extends internationalisation theory with an orchestration theory,
claiming that there is a need for multinational enterprises to orchestrate “a global process
of value and wealth creation and capture” (p. 524) in a network of actors. Adner (2017)
develops the ecosystem concept and argues that the “ecosystem elements” of activities,
actors, positions and links must be orchestrated.

This orchestrating is typically conducted by a powerful, channel captain or similar, actor,
but also other less powerful players could have this role. For instance, Giudici et al. (2018)
investigates the role of a venture association and its orchestrating capabilities in a
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network. Their orchestrating efforts are geared towards a more supportive role towards
the network members, rather than managing as such.

Co-evolving: Except for orchestration of existing capabilities, there is also a need for an
ability among network members to co-evolve. In a supply chain context, Defee & Fugate
considers co-evolving to be a dynamic supply chain capability defined as “a DSCC held,
individually, by two or more supply chain members that facilitates the joint development
of new capabilities between supply chain-oriented firms that aspire to compete on the
basis of superior supply chain capabilities” (Defee & Fugate, 2010, pp. 190)

Knowledge management and learning: Another fundamental firm-based dynamic
capability is knowledge management and learning which benefits not only the focal firm,
but also other members of the network. For instance, existing literature on absorptive
capacity often overlooks the fact that collaboration and social integration is of major
importance for the absorption of external knowledge. Thus, absorptive capacity is not only
an issue for a focal firm perspective, but also for the network. By means of increased
collaboration, as well as desorptive capacities, successful absorptive capacities can be
ensured. Knowledge is also increasingly understood to not be possible to be acquired and
maintained internally, but in collaborative networks. For instance, in a supply chain
context, Defee & Fugate (2010) points out that knowledge accessing is a crucial dynamic
supply chain capability, defined as “a dynamic capability held by two or more parties that
fosters an understanding of the current knowledge resources possessed by each party” (p.
188).

Level 2: Firm-based exploitation of external resources

A network and its resources could also — and should be - exploited by individual network
members for their own interests and gains, for instance creation of firm competitive
advantage. Such capabilities have increasingly been highlighted in literature as necessary
complement to internal capabilities, see e.g. the relational view. For instance, external
knowledge acquisition is an essential ingredient in most companies of today, which is often
manifested in research regarding absorptive capacity or sensing capabilities, in which
external resources often plays a crucial role.

Level 3: Internal capabilities

Last, but not least, internal dynamic capabilities, constitute an important source for
development and adjustment towards environmental changes. Within the rich dynamic
capabilities theory, several seminal typologies of such internal dynamic capabilities have
been developed, the framework of sensing, seizing and transforming capabilities.

DISCUSSION

Dynamic capabilities exist in parallel at different levels ranging from individual companies
to wider networks. To identify the relevant levels, and categories of dynamic capabilities
at the different levels, constitutes an important foundation for future research in dynamic
capabilities theory in general, but it also serves as a platform for future logistics research.
The conceptual framework elaborated in this research is a first attempt towards such
understanding and knowledge building.

In logistics and SCM research the traditional unit of analysis has been the dyadic
relationship or supply chain, although the existence of a network of suppliers and
customers since long has been acknowledged. The need for moving beyond the single
supply chain has in recent years been accelerated by the era of digitalization, in which
larger networks of companies and their interdependencies become even more crucial to
understand. For instance, the emergence of digital platforms (Helfat & Raubitschek, 2018)
operated by e.g. Amazon and Alibaba has got increased attention in logistics and SCM
research recent years. Another example is the implementation of Internet of Things (IoT).
IoT typically renders advantages related to traceability and visibility in the supply chain
that helps to overview and predict flow of goods and information beyond the company
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borders, thus expanding the potential network of collaboration partners. So far, however,
little is known about the relationship between the occurrence and utilization of IoT devices
in networks of companies on the one hand, and collaborative development on the other
(such as interorganisational dynamic capabilities as is targeted in this paper).

Except for drivers related to digitalization, another example of the need for analysis beyond
the single supply chain is the emergence of closed loop supply chains, in which members
of the traditional forward supply chain are linked with new members in the reverse supply
chain. Together, they constitute a network of companies that needs to continuously update
their current logistics operations.

For practitioners, the research provides an important step towards an understanding for
how to improve collaborative efforts in a supply chain. In addition, it provides a
comprehensive understanding for some of the major building blocks regarding
interorganisational dynamic capabilities. Ultimately, it also improves understanding for
why a company should join, stay or possibly leave a network.

The research findings from this paper open up for several interesting learnings and future
research themes. First, this paper has taken a comprehensive scope in its search for
relevant literature mainly covering the three research disciplines of strategic management
theory, industrial marketing and logistics/SCM. A general learning from this research is
the limited referencing between above all industrial marketing on the one hand, and
logistics/SCM on the other. Both these research disciplines tend to originate from the same
strategic management sources but fails to link their current research to each other. In
order to avoid “reinventing the wheel again”, future research in both these research
disciplines could benefit from aligning their research efforts.

Second, in order to limit the scope of the presented literature review, only papers explicitly
discussing DCs have been included. Issues regarding joint collaborative development in a
supply chain can however be elaborated from alternative viewpoints. Future research
should therefore include additional theoretical lenses.

Third, current research, including this paper, has been geared towards the role of the
leading, most powerful members in the network, typically the channel captain position, or
the “hub firm” (Giudici et al., 2018). Future research should target the less powerful
members of the network and their role, benefits and incentives for being part of the
network (Schepis et al., 2017). As pointed out by Adner (2017) the role of the leader (of
an ecosystem) as well as the role of a follower must be understood.

Fourth, another related future research topic is the existence of complementary dynamic
capabilities at other network members, which further enhance network performance and
benefits for the network as a whole. For instance, an absorptive capacity in which a
network member exploit external knowledge may be enhanced by the existence of
desorptive capabilities at the knowledge providing company. Research remains unclear
regarding how this match between different dynamic capabilities among different network
members could interact and support each other.

Fifth, the review reveals that classes of interorganisational DCs should be considered to in
their context, in particular the characteristics of a value system/network is here
emphasised. Méller and Svahn (2003) conceptualise different value systems ranging from
stable, existing networks with well-known members and operations to emergent, future-
oriented networks based on more radical innovations. According to the authors, different
types of DCs are required for the different networks. Whereas operations-oriented
capabilities such as demand forecasting and cross-firm information systems are needed in
the former network type, network visioning and network orchestration capabilities are
needed in the latter. In addition, the role of learning and knowledge becomes different in
the different types of networks. Future research has continued the work provided by Méller
& Svahn (2003) but still this issue needs more research attention, in particularin a logistics
and supply chain context.
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Purpose of this paper:

For the successful realization of the hydrogen economy, this study performs comprehensive
design and analysis of the hydrogen supply infrastructure from economic and sustainability
perspectives.

Design/methodology/approach:

We develop a new optimization-based approach for the strategic design and analysis of a
renewable hydrogen supply system. For the system, we include the whole process stages
from using a wind-powered and methane-reforming hydrogen production, storage and
transportation, and fuel station as a final demand. We then develop a network optimization
model for the proposed hydrogen supply system using a mixed-integer linear programming
technique.

Findings:

Through the case study of Jeju Island, Korea, we illustrated the capability of the proposed
model by identifying the optimal hydrogen supply network (e.g, type, quantity and location
of facilities) and operational strategy (e.g., temporal flows of electricity and hydrogen
between different regions). As a result, we analyzed economic (e.g., major cost drivers)
and environmental performances (CO:z reduction and land occupation) of the proposed
supply network.

Value:

The proposed optimization-based methods are a very first comprehensive and practical
tool for designing a renewable hydrogen supply chain by dealing with various issues arising
during planning, design, and operation stages. And the findings from case study provide
are useful and easily applied to other application by providing a decision-making guidance
to stakeholders for planning hydrogen supply system.

Practical implications:

To illustrate the capability of the proposed approach, we present a real case study
pertaining to the design of the wind-based hydrogen supply (WBHS) system for the road
transportation sector of Jeju Island, Korea.

Keywords

Two-stage stochastic, wind power, planning, hydrogen supply, optimization
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1. Introduction

Hydrogen is one of the most attractive alternatives to the current carbon-based energy
system, since it can be produced from diverse resources and used as a carbon-free energy
source from the end-user perspective [1]. Not only is hydrogen an environmentally clean
energy resource, it is also an energy carrier that can convert energy from primary energy
sources to different end-user energy forms. A large number of studies in the literature
have dealt with problems regarding the design and analysis of hydrogen supply systems
and related infrastructure [2,3]. When it is produced from renewable energy sources (RES)
such as wind energy, the merits of hydrogen can be further enhanced. Even though RES
have many advantages, it has intermittent nature [4]. Due to intermittent nature of the
RES, energy supply system using renewable energy source leads to oversized equipment
and unnecessary operation. Many researchers have attempted to investigate the feasibility
of renewable hydrogen systems and to analyze the economics with regard to installation
and operation of renewable hydrogen supply infrastructure [5,6]. The design of hydrogen
supply systems using wind energy is highly complex owing to the presence of a number of
alternative options (e.g., different locations, timing, types) and parameter uncertainty (e.g.,
wind speed and wind direction). While many approaches and models have been developed,
no study comprehensively addresses all the problems that may arise in a renewable
hydrogen supply system with the intermittent nature.

Therefore, the purpose of this study is to develop a new optimization model with two-stage
stochastic linear programming for the wind-based hydrogen supply system, which be
capable of addressing all design issues (from the type of wind turbine, layout of a wind
farm and the number of wind turbine to supply chain problems) as well as operational
strategies.

Nomenclature

(a) Sets

[ the set of facilities

] the set of regions

k the set of wind farm layouts
I
p

the set of transportation modes
the set of probabilities

(b) Subsets

icl® electrolysis facility
iel® Storage facility
iel" wind turbine
el hydrogen transportation
(c) Parameters
. 0
GAJ' available area in region J€J", km?
DTjt Demand in region j during each time period 1, ton/day
Riptjk output power from a wind turbine i e I'"" in region jeJ with layout
k € K under probability pe P having wind farm layout ke K , MWh/d
gt probability of wind power during each time period { under probability
P peP
n; energy conversion efficiency of electrolysis i 15", %
M, the number of days in each period time t
§P- minimum capacity of production facilities 1 ton/day
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p

& maximum capacity of production facilities | ton/day

(d) Continuous variables

DE't amount of hydrogen delivered to the final demand in region j during
i

each time period t ton/day
amount of hydrogen produced from production facilities | in region |

during each time period {
) flow rate of hydrogen between regions jand j' during each time
Qi J
ii

period { by transportation modes |

Sijt amount of hydrogen stored in iel® in region | during each time
period {, ton/d

FCC facility capital cost, $

FOC facility operating cost, $/year

HTC hydrogen transportation capital cost, $

ETC electricity transmission capital cost, $

TAC total annual cost, $/year

ETOC electricity transmission operating cost, $/year

HTOC hydrogen transportation operating cost, $/year

(e) Integer variables

NP number of wind turbine i e 1"" in region | having wind farm layout

i jk
keK
2. Problem statement

2.1. Wind-based hydrogen supply system

To generate and design the comprehensive the WBHS system, we consider overall activities
from electricity generation and transmission to hydrogen production, storage, and
transportation. Figure 1 shows the schematic structure of the WBHS system, which consists
of two main divisions: wind to power generation and hydrogen supply chain.

Hy H,

production transport H, storage
Wind Electricity Electricity
farm storage transmission H, demand
Existing grid network H, production
W/
Major decision problems Major decision problems
N J \ J
Y Y
Wind-power strategy Hydrogen supply strategy
* The uncertainty of wind speed and wind direction * H, storage facilities location
* Wind farm location * H, facilities location
¢ Wind turbine type & number * H, facilities type & number
* Wind turbine height * H, delivery mode

* Wind turbine spacing & array

* Electricity storage facilities

Figure 1. Superstructure of the WPHS system and corresponding decision problems.

The power generation from wind energy includes two different important variables (i.e.
wind direction and wind speed). Wind turbine power output is proportional to the cube of
the wind speed. The power output is plotted against direction rather than wind speed. In
this study, we consider both the wind direction and wind speed to calculate wind turbine
output. These wind turbines have different wind turbines sizes and layout structures. Then,
the generated electricity is sent to the storage facilities to store. Note that storage
technology has the important role in RES-based energy supply system, since it can buffer
the intermittent of RES. The stored electricity is transmitted to hydrogen production

24th ISL Wirzburg, Germany, 14th - 17th July 2019 122



facilities to convert to hydrogen. In the hydrogen supply chain, we consider typical
hydrogen supply activities such as hydrogen production, transportation, storage. To
produce hydrogen, we consider only a single facility, called a water electrolysis plant with
different capacities. The facility converts electricity into hydrogen. Depending on time
period, hydrogen storage facilities store the hydrogen produced by the water electrolysis
plants and distribute the stored hydrogen to fueling stations in adjacent regions.

3. Optimization model

To achieve the goal of this study, we develop a new optimization model which is extended
based upon the previous works. The optimization model is proposed using a mixed-integer
linear programming (MILP) technique with two-stage stochastic programming and
implemented in GAMS environment with CPLEX Solver. The formulation of a two-stage SP
model is as follows:

Min () + E,{Q(x, 6)} (1)

xeR™ 6eR™
Q(x,0) = Myin f2(x,y,60)
st.h(x,y,0)=0; g(x,y,8) <0
yeR™

Where X is the vector of first-stage decisions which are made prior to the uncertainty
realization; y is the vector of second-stage decisions which are made after the realized of
uncertain parameters 6 which is described by a continuous probability distribution function
or a finite number of discrete scenarios through sampling approximations; h(x,y,&) and

g(x,y,0) are the vectors of equality and in equality constraints, respectively; and the

1
objective function contains the first-stage cost f (X) and the expectation of the minimum
second-stage cost Q(x,8) over all realizations.

3.1 Constraints

Figure 2 represents the structure of the optimization model for the design of the wind-
based hydrogen supply system. Flows of wind power and hydrogen are represented as
arrows and the technologies are presented denoted as nodes in the network. The main
assumptions and other constraints used in this study are mainly adopted our previous
work.

Wind power ' Hydrogen production '
R . P, => NP R |
iptj : i jt g i jk 77k9t p NP : Delivery oA
1 Lec—occ—cc—=——c———cc=o—c-—f-c———c-o—-——o-—coo-—coo-——ooo——oo==o 1—p
Land limit 1 Technology capacity 1 DE;,
) L !
GAJ‘ e Mt§piN|Dij = Pijt = MtgpiNRj : 5 3
A ' eman
_ ! Mass balance ! D' + < DE.
Probability _»: : ] ]
0<6, <1 | ZE:T F)ijt+ZIZQj'jlht+Zsijt—1:zZQﬁ'lht +2 Sy +DE| |
1 icl N icl® i icl® 1

Figure 2. The structure the optimization model.
3.2 Objectives function

In this study, the objective of the proposed model is to minimize the total annual cost of
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the WBPS system. The TAC (total annual cost) is consists of FCC (facility capital cost), HTC
(hydrogen transportation capital cost), ETC (electricity transmission capital cost), FOC
(facility operating cost), HTOC (hydrogen transportation operating cost) and ETOC
(electricity transmission operating cost):

TAC = FCC +CH(-3|-I(:: ~ETC | Foc 1 HTOC + ETOC (2)

4. Case study: the renewable hydrogen supply chain at Jeju Island

We apply the proposed approach to the design problem of the WPHS system at Jeju Island,
Korea. Jeju Island as the largest island is the southernmost part of Korea. Jeju Island is
one of the Korean provinces with the highest RES potential, in particular, wind power; 60%
of the wind potential in Korea is concentrated at Jeju Island[7].

600 - 315-345 15-45 ene
50 e

400- |=\ s

200 - Wind Speed (m/s)
. 20-30
i . 12-20
2 6-12
36
0-3

Frequency [%]

Wind speed [m/s]

() (b)

Figure 3. Characteristics of the wind data in west of Jeju Island: (a) wind rose; (b)
Weibull distribution.

As shown in Figure 3, the wind data in west of Jeju Island is processed with wind rose and
Weibull distribution, which is a widely used probability distribution for wind speed modelling
[8]. For each of the 12 direction sectors, the Weibull distribution can be used to derive 12
sector-wise Weibull distributions. From this distribution, n calculate the probability of wind
speed and wind direction.

In this study, the cost of the hydrogen technologies, including production, storage, and
dispense, are estimated based on the results of economic analyses in the literature as
shown in Table 1 [9].

Table 1. Technical and economic parameters of the hydrogen facilities

. Storage
Electrolysis Small Large
Capacity (ton/d) 1 5 15 5 15
Capital cost (10%%$) 14.7 25.4 49.2 13.3 25.8

Operating cost ($/ton) 27 27 27 15 15

In this study, we consider one mode of hydrogen transportation, a tank truck. The technical
parameters used for the capital and operating costs are summarized in Table 2[10].

Table 2. Capital and operating costs of a tanker truck

Capacity (ton/trip) 4
Average speed (km/h) 55
Mode availability (h/day) 18
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Load/ unload time (h/trip) 2
Driver wage ($/h) 23

Fuel price ($/kg of H>2) 3.4
Maintenance expenses ($/km) 0.1
General expenses ($/day) 8.2
Fuel economy (km/kg of H>) 80.5
Capital cost (10°%) 0.5

The delivery distances for the twelve regions at Jeju Island are measured as the real road
distance (center to center) as shown in Table 3.

Table 3. Delivery distance within and between regions.

R1 R2 R3 R4 R5 R6
R1 2 40 73 69 36 17
R2 | 40 2 33 38 42 43
R3 | 73 33 2 26 57 76
R4 | 69 38 26 2 33 59
R5 | 36 42 57 33 2 27
R6 | 17 43 76 59 27 2

5. Results and discussion
5.1 Optimal network of the WPHS system

Figure 4 summarizes the optimal configuration of the WBHS system with flows of hydrogen
and electricity. Region 1 has a significant number of wind turbines because of its high wind
speed. Due to the limited land size and land cost, the rest of the required electricity are
generated from the wind farms established in other regions. Although region 12 has the
second highest wind speed, the number of the wind farms is not relatively large compared
to other regions owing to high electricity transmission cost to regions 3 and 4.

System configuration and layout of wind farm Electricity production facility

[MWh/day] (unit number)
Average hydrogen transportation

Large  Small
457(30) g

6 Wind turbine
425 (38) 47(10) 1(3) 89 £

Spacing array (type)
Hydrogen production facility

9352 (427)

BB

124(14)  12Dx12D

- 256(28)
5Dx5D

817(44)

128(7)

31(7)

335(23) 1q(3) 12Dx12D 3 2 2N
B

Average electricity transmission

13

[Ton/day] (unit number)

Electrolysis

Hydrogen storage facility

120x120 &) % t 2 [Ton/day] (unit number)
Storage @
12Dx12D 6 4 “ 9 ™
3
B i R3
12Dx12D . 0 R2 y
Hydrogen[ton/day] Electricity[MWh/day] R6 R5

Figure 4. Optimal configuration of the WBHS system, and electricity and hydrogen flows.

Figure 5 shows the monthly changes in the produced, demanded and stored amounts of
hydrogen. This figure represents the optimal operational strategies for handling hydrogen
to determine the rates of hydrogen production and storage to deal with the intermittent of
wind energy in each month. Due to the high wind speed in November- April, hydrogen
production in November-April is higher than other period. The abundance of hydrogen
production against the demand in this period is stored in the storage facility to balance
production with demand at later. In particular, 372 tons of hydrogen is supplied by the
hydrogen storage system in March. The effect of hydrogen storage is also observed in
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WBHS systems. Therefore, establishing a storage system to balance hydrogen supply and
demand is clearly a more economically suitable strategy than a production-oriented
strategy.

400

w
(%)
o

w
o
o

N
wv
o

150

HYDROGEN(TON)
N
o
o

=
w1 o
o o

o

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

PRODUCTION DEMAND STORAGE

Figure 5. Amounts of hydrogen demanded, produced, and stored in different time periods
by the WBHS system.

The costs required to design and operate the WBHS system are summarized in Table 3.
The capital cost of the electrolysis is the main cost component: 44.7% of the total network
cost. The calculated levelized cost of hydrogen is 11.5$/kg of hydrogen. The cost of
hydrogen in WBHS system is very expensive than the cost of previous work [11]. Note that
the total cost is the network cost, which includes all the required infrastructure such as
electricity network. Moreover, the huge capacity of hydrogen storage system is needed to
deal with the intermittent of wind energy.

Table 3. Cost breakdown of the total cost of the WBHS system ($/year)
Capital cost

Wind turbine | 8.2.E+06

Electrolysis | 1.0.E+07

Storage facilities | 2.2.E+06

Hydrogen transportation | 4.2.E+05

Electricity transportation | 7.4.E+05

Land purchase | 8.0.E+05

Operating cost

Wind turbine | 3.8.E+05

Electrolysis | 4.5.E+04

Storage facilities | 5.6.E+03

Hydrogen transportation | 2.6.E+04

Total network cost 2.3.E+07
Levelized cost ($/kg of H2) 11.5
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6. Conclusions

In this study, a new design and analysis framework of the WBHS system under the
uncertainty of wind speed and wind direction was presented. The proposed model using an
MILP was developed to determine the optimal design and operation conditions of WBHS
system, which minimizes the total annual cost subject to various constraints. Furthermore,
we considered two types of energy storage system, which are electricity storage system
called battery and hydrogen storage system. In this study, the hydrogen storage system
is selected to minimize the total annual cost in Jeju Island. The land limitation in region
with high wind potential caused the erecting of additional wind turbines, even if in regions
with low wind potential. While the proposed approach is undoubtedly useful, further
research based on our results may proceed to address the practical barriers against the
establishment of the WBHS system.
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Abstract
Purpose
This study aims to examine how Supply Chain Management (SCM) affect the creation and
modification of the strategy of Hungarian Small and Medium Enterprises (SMEs).

Design/methodology/approach

After a detailed literature review, we set up our hypothesis: SMEs don’t pay enough
attention to their strategies. This is increasingly true of dealing with important factors such
as 1.) Supply Chain cooperation or 2.) Digitalisation. For data collection,we conducted a
question-based survey. The questions were directed towards the conformity of the
companies' “Strategy”, their (external) "“Supply Chain” and their readiness on
“Digitalisation”. In total, 273 valid responses were collected from Hungarian SMEs, with
focus on the highly industrialised North-Western region of the country. The survey was
answered by executives of companies of the production-, commerce- and service sectors.
The methodology applied for analysis of the data acquired was empirical analysis (SPSS).
In the current paper we highlight how far the cooperation with other SC members will
influence the creation/modification of the strategy of these companies.

Findings

Results of the study showed that nearly 50% of Hungarian SMEs have not changed their
company strategy in the past three years. (Rearranging their organizational structure has
been their lowest priority). However, SMEs that modify their company strategy more
frequently (every year or every other year), usually use the pull system rather than the
push system. It is true for both, the Supplier's and the Customer's side. They also use up-
to-date management tools e.g. VMI or postponement more frequently.

Value

This research shows a backlog of supply chain practices' implementation in Hungarian
SMEs. Strategic decision makers should be aware of the challenges SMEs are facing when
cooperating vertically or horizontally with other SC member companies. International
research benchmarks show that an appropriate strategy change has high impact on the
company’s performance.

Research limitations/implications

We are aware of the limitations of our research. For example, we didn't distinguish between
SMEs acting in the FMCG sector vs. industrial goods sector. The unique structure of the
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SME sector in Hungary makes benchmarking results also uncertain. As a next step we
would also need to fine-tune the given chain’s dominance influencing factor.

Practical Contribution

Findings of this study can be used by strategic-level management in SMEs to better
understand what tools their company could use in SCM operation, and whether they need
to reiterate their strategy to fit the market’s needs in the age of globalisation and time
based economy.

INTRODUCTION

In all countries economic growth is strongly supported by SMEs as the backbone of the
economy. Few examples of SME contribution are 1) job opportunities 2) being able to act
as suppliers of goods and services for large companies and organizations. SMEs in the *non-
financial business economy’ in Hungary account for slightly more than half of total value
added. It has been observed that SMEs have been the main players in Hungarian economic
activities, as they account for more than 99.8% of all companies and employ 69.7% of the
Hungarian workforce (SBA Fact Sheet, 2016).

Majority of the SMEs still have simple systems and procedures. They run the business more
flexibly, have immediate feedback, short decision-making chain, better understanding of,
and quicker response to customer needs compared to larger companies (Singh et al.,
2008). SMEs are competing one another from all over the world due to globalization and
liberalization which levelled up in the area of world economy. This situation puts SMEs
under intense pressure to stay up to date and innovative. Digitalization is one form of
globalization that affects almost every aspect of human activities today. This affects not
only companies’ strategy, but also their communication patterns, work styles,
transportation systems, and even the manufacturing processes including Supply Chain
Management (SCM) (Schwab, 2015; The Economist, 2012).

Since the biggest proportion of the companies in Hungary are SMEs, the majority of active
workforce in Hungary is also employed by them. Additionally due to their significant
contribution to the government economy it is important to ensure that SMEs can manage
their businesses efficiently. This can be achieved by adopting company strategies matching
the current globalization changes in the business environment, and by implementing
digitalization in their business processes.

This study will try to examine how SCM affect the strategy creation and modification of
Hungarian Small and Medium Enterprises (SMEs), through a review of a questionnaire
conducted with Supply Chain (SC) members in SME organizations. In the next section we
review relevant literature on our subject and develop our hypotheses on the relation of
digitalization, changes in organization strategy and SCM.
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LITERATURE REVIEW AND HYPOTHESES DEVELOPMENT

Hypothesis is a starting point for further analysis in any research. Several previous
researches related to strategies in organizations helped in the development of our
hypothesis. In this literature review, we will speak about 4 different hypothesis. Those are
organization strategies that relate to globalization, digitalization, supply chain/logistic and
push/pull strategy in supply chain system.

Changes in Organization Strategy towards Globalization

Strategy is defined as the adoption of a company towards competitiveness in its
environment. Some strategies are more successful in relation to organizational
performance than others (Hambrick, 1980). This study focuses on how SMEs change their
business strategy in a competitive market in relation to globalization and SCM.

Globalization is a term that is currently on the trend towards a world economy integrated
with all dimensions, namely economics, technology, politics and culture (Wagner, 2005).
On the other hand, globalization is a growing interdependency in terms of economic growth
which includes several actors, namely consumers, producers, suppliers and governments
worldwide. Relevance of market boundaries between domestic and international sectors is
reduced if their business develops overseas (Gary, 2000). Several researches have shown
the effects of globalization in some companies and identified the attributes which it
supported in a complex environment. The real issue these companies are facing is how to
balance between global integration and local responsiveness (Yongjiang, 2003). Most of
SMEs worldwide still have a local mind-set.

Changes in environmental factors greatly affect companies, so there is a strong urge for
the organizations to implement changes in their strategy. Strategy development and
implementation is the key to SME's success the world of globalization (Porter, 1980). The
company’s strategy reflects the short and long term challenges and opportunities within
the actual business environment.

For a small scale company the positive effect of changing the strategy is the improvement
of their global competitiveness. This happens due to improvements in their product quality
and reduction of delivery lead time (Singh, et al., 2010). However, SMEs are facing several
challenges related to globalization which also impact their organization’s strategy changes.
The areas concerned are more emphasized towards the need for improved management
skills, managing their global logistics, dealing with cultural and language differences,
increased cost, increased need for regularisation, etc. (Prater and Ghosh, 2005). Several
SMEs find that these factors make their organization more stagnant unless they change
their strategy. This leads to the following hypothesis:

H1l SMEs don't pay enough attention to their strategies

In this part, we were focusing on SMEs that have not changed their strategy in 3 or more
years or actually they don’t have any strategy at all. To prove that they don’t pay attention
to their strategy, we have collected their input about the last time they changed their
organization strategy.

Will Digitalization Appear in Your Strategy?

The effects of technology development are characterized by shortened product life cycle,
changed market forces and consumer behaviour that make the companies face new
challenges on the global competitive landscape (Livari, 2015). The advancement of
Internet and Information Technologies impact every aspect in the organization, many
business organizations including SMEs started to implement digitalization in their strategy
as a tool to improve their market and operational efficiency (Li, et al., 2009).
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The positive impacts of the internal organization’s digitalization lead to increased efficiency
including improved business processes, attaining better accuracy and quality, and
consistency by eliminating manual steps. Real time data can be accessed by using
digitalization integrating structured and also unstructured data, providing better views on
organizational data, and integrating data from other sources (Parviainen, et al., 2017).

This research examines how SMEs include digitalization in their strategy. Some SMEs have
a difficult time undertaking digital transformation. Organisations face struggles such as
transformation on lower levels which is not accompanied by the top management level, or
higher costs of implementing new internal processes reflecting in the product value. Based
on these facts, another hypotheses for digitalization is:

H2 SMEs usually do not include digitalization into their strategy

Digitalization is nowadays a strategic priority, it is crucial to set up large scale of initiatives
in any organization, society and industry. However, we had an assumption that SMEs still
not prioritize it to be inputted in their strategy, rather than other aspects. To measure it,
we are asking whether they already include this digitalization in their strategy currently.

Will Supply Chain Appear in Your Strategy?

Global competition is currently rising, therefore it is required for companies to always
innovate the process of managing their suppliers. Nurturing good partnerships with
suppliers is able to make the company more secure. SMEs are more vulnerable to
environmental changes due to limited resources, technology and lower bargaining power
which make them less likely to develop compared to big enterprises (Kumar, et al., 2014).
In this case, supplier relationship management (SRM) plays definitely a major role in SCM.

Productivity increment that occurs in manufacturing organizations is caused by the
implementation of lean production which eliminates unproductive practices within the
organization. Former ineffectiveness could have been caused by several aspects, such as
poor supplier performance, not sufficiently specified customer demand, and uncertain
business environment. Integration carried out by internal organizations with other parties
(suppliers and customers or distributors) is referred to as SCM. SMEs have a significant
impact on SCM where they can play a role as suppliers, distributors, producers and
customers (Singh, et al., 2008).

Based on case studies that occurred in Indian’s SMEs, it was shown that several issues can
occur due to insufficient management of on supply chain e. g. absence of good indigenous
supplier, fluctuating customer demand, necessity to invest in finished goods inventory.
However, studies show that SMEs focusing more on internal business and profit
maximization, working with limited finance and technological capabilities do not improve
their SCM process sufficiently (Thakkar, et al., 2012). Consequently our third hypotheses
below:

H3 SMEs generally don’t build specific Supply Chain Function into their strategy

It is a fact that SMEs are playing significant role in the country's economy, usually in
manufacturing industry, SMEs play the role of a supplier, a vendor or a distributor. They
are basically part of big enterprises' supply chain system. However, we had an opinion that
they do not consider supply chain when building their strategy. To prove our hypothesis
we were asking whether they include supply chain in their strategy or not.

Will Pull System Used by SMEs that Frequently Modify Strategy?

Increased productivity and efficiency are carried out continuously by manufacturing
companies with the implementation of new strategies, business processes and IT solutions.
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Best practices also allow companies to achieve on-demand manufacturing through the
implementation of pull production strategy (Zayati, et al., 2012). Many organizations also
race for optimizing their operational costs. The Pull system that focuses more on demand
as a drive is able to impact the organization by decreasing their inventory cost, reduce
variability faced by manufacturers due to lead time reduction and manage their resource
more efficiently (Singh and Ratha, 2016). SMEs that regularly change their organization
strategy usually used pull system in their SCM strategy that adequately in line with market
changes. Another hypotheses related to SCM is:

H4 SMEs that frequently modify their strategy implemented are more likely to use the
pull system in SCM

A general difficulty in management is e. g. the determination of inventory, what to order
and when. The type of inventory control system will depend on fluctuation of demand. The
pull system can help organizations to have enough inventory, not more not less that
required, to meet customer's demand. We assume that SMEs that frequently modify their
strategy usually use the pull system in SCM to make sure that their organization can avoid
any loss in terms of inventory cost. Based on this, we will do cross tab to see the
relationship between the frequency of strategy changes and SCM strategy of suppliers.

RESEARCH METHOD

In order to identify the effects of SCM on SME strategy, this research will conduct an
inferential statistical analysis. The sample in this study embraces micro, small, medium
companies and large corporations in Hungary. These belong to the industrial fields of
production (42,2%), commerce and trade (28%), and services (29,8%). The European
Commission defines micro companies as those with 9 or less employees, small companies
those with between 10 and 49 employees, whereas companies with between 50 and 249
employees are designated as medium-sized enterprises, furthermore the ones with more
than 250 employees shall be called big enterprises (Eurostat: Structural Business
Statistics).

Following this definition, a question-based survey was conducted. As SCM is of central
importance in the process of corporate strategy change, being the function where corporate
strategy change is initiated, therefore the questionnaires are able to capture valuable
insider opinions, which can explain how digitalization or globalization affects SMEs. The
questions were directed onto the conformity of the companies’ “Strategy”, their (external)
“Supply Chain” and their readiness on “Digitalization”. The questionnaire was conducted
with strategic leaders of these companies. A cover letter explained the details of the survey,
contact information and also instructions for completion of the survey. Respondents were
also informed that all information provided would be treated in the strictest confidence and
that only aggregated findings would be reported. A selection of 274 companies were
interviewed by the students of the Széchenyi Istvan University throughout 4 months in
2018. Those valid responses were collected from Hungarian SMEs, with focus on the highly
industrialised North-Western region of the country. The collected data is sufficient to be
able to do further analysis and make some conclusions.

Descriptive statistics are used to examine the division by company size. From the total
number of companies, we have 30% micro-, 39% small enterprises, 22% medium size and
9% big corporations. The questions aimed to reveal the strengths of the corporate strategy
by naming the functions in the organizational chart, as well as the interpretation of the
supply chain by defining the time of strategy changes. The analysis of the data acquired
was done by empirical analysis (SPSS). We are aware of the limitations of our research.
For example, we did not distinguish between SMEs acting in the FMCG sector vs. industrial
goods sector. The unique structure (the overrepresentation of micro-enterprises) of the
SME sector in Hungary makes benchmarking results also uncertain.
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RESULT AND DISCUSSION

Most of the questionnaire involved multiple choice questions. Additionally we asked that
respondents to rate their agreement with statements on a 5 point Likert scale (1 = rather
not, 5 = yes): "How do you rate your company’s strategy-consciousness?” Figure I shows
responses, differentiating between the groups of company’s size. Considering the high
number of respondents, the cross table divided respondents in too many groups, which
was not quite suitable for the analysis of the correlation. We decided to set up two
categories for the companies, we labelled the first group with employees who marked 1, 2
or 3 on the Likert scale “rather not conscious” group, and the second group indicating 4 or
5 as “rather conscious” of strategy. Based on the amount of responses received for the
individual evaluations within the scale, we could detect significance (p =0.013).

Total Enterprises S ON GO
Big Enterprises NG e ——
SMEs I IS

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

B Rather Not M Rather Yes

Figure I. Companies’ Strategy Consciousness towards Company’s Size
(Source: own development)

Based on Figure I, it can be seen that SMEs’ rate of strategy consciousness was 58,6%.
However, the result was not significantly different compared to the SMEs that were not
conscious with their strategy (41,4%). We can summarize that the result did not support
H1, nevertheless most of the SMEs were still not rule out strategy for their business.
Therefore, we can accept our first hypothesis: SMEs do not pay enough attention
to their organization strategy.

In terms of digitalization, respondents were asked whether they include digitalization in
their strategy or not: "Does the organizational chart include Industry 4.0 or digitalization
functions?”. The results are shown in Figure II. The response profile suggested that SMEs
do not include industry 4.0 or digitalization in their company strategy (77,4%). On the
other hand, it can be seen that big enterprises are more likely to consider industry 4.0 or
digitalization into their strategy (64,0%). The result was found quite significant
(p=0.000007). This finding supports our second hypothesis that states
digitalization is not included in the organization strategy.

Total Enterprises [
pig Enterprises GO G
sves S

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0% 80.0% 90.0% 100.0%

B No MYes

Figure II. Strategy of Industry 4.0 or digitalization towards Company’s Size
(Source: own development)

According to our third hypothesis, we have asked whether SMEs build specific Supply Chain
Function in their organization strategy or not. The related question was “Does your strategy
include logistics and/or supply chain chapter or sub-chapter?” Based on Figure III, it is
visible that 55.6% of SMEs do not have these chapters/sub-chapters in their strategy. On
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the other hand, we can also see that 72% of big enterprises have considered supply
chain/logistics to be part of their strategy. The larger size of the company, the more aware
on Supply Chain Function to be included in their organization strategy. At this point, we
can summarize (p=0.008) that our third hypothesis is relevant: SMEs generally don’t
build specific Supply Chain Function in their strategy.

Total Enterprises | S e —
Big Enterprises |2 00 200 —
sves S s —

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

ENo mYes

Figure III. Strategy of Supply Chain/Logistics towards Company’s Size
(Source: own development)

Since the normal variance was not adequate during the analysis about those SMEs that
frequently change their strategy assume pull system in SCM, we presented the results
using the Kruskal-Wallis test. This non-parametric statistical procedure is based on a
hypothesis test to assess whether some samples can be derived from the same distribution
(Spurrier, 1.D., 2003). The significant Kruskal-Wallis test shows that at least one sample
has a stochastic dominance over another sample (i.e. if one of the two groups is randomly
excluded, the chance of which group is 50-50% is significantly different) is removed.

In this case the nominal variables will be the answers to the question "When was the last
time the company’s strategy changed substantially?” The answers are denoted “lately” (1,
2 years ago, or using rolling strategic plan), and “long time ago” (3 or more years ago).
The ratio variable will be the numerical value given for the question: “Approximately how
many percent of the suppliers deliver according to pull system or push system?” Examining
both versions, we considered the normal distribution of these data, as variance analysis
works only with normal distribution. In this case, we cannot talk about normal distribution
because the mean is smaller than the median, so the distribution is asymmetric on the
right. The skewness (-0.294) furthermore the kurtiosis (-1.251) confirms it in Figure IV.

Supplier - pull Supplier - push

501 Mean =

N=239

Frequency
Frequency
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0 30 80 80 120 20 4 &0 80 100 120
Supplier- pull Supplier - push

Figure IV. Distribution of supplier strategy
(Source: SPSS)

According to the Kruskal-Wallis correlation study, none of these are significant. In this
case, we rejected our fourth hypothesis. Those SMEs that often change their
strategy are not necessarily operating with pull system in SCM.
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CONCLUSION

Benchmarking the SMEs Company’s strategy reveals an interesting paradox towards SC
and digitalization implementation. The survey findings reveal that SMEs in Hungary still do
not pay enough attention to their company strategy compared to larger business,
especially SC and the digitalization function. This finding has been well supported by a
previous study by Fawcett, et al. (2009) stated that SMEs are not actively pursuing SCM
as a strategic weapon. However, this current result still does not change their competitive
advantage in the market, showing that SMEs are still part of the big SCM loop, whether
they are in the role of supplier, distributor or retailer.

Our study offers three contributions: First, this study is among the few to research the
relation between a company’s strategy, its SC and digitalization functions. Importantly, we
investigate a setting with more detail of pull or push strategy in its SC system. Several
findings above should become a benchmark for decision makers. They should be aware of
the challenges SMEs are facing when cooperating vertically or horizontally with other SC
member companies. International research benchmarks show that an appropriate strategy
change has high impact on each company’s performance. Secondly, practical implications
can be used by strategic-level management in SMEs to better understand what tools their
company could use in SCM operation, and whether they need to reiterate their strategy to
fit market needs in the age of globalisation and time based economy. Thirdly, this research
contributes to the enhancement of study related to SMEs business management in
Hungary.

When interpreting this study’s findings, its limitations should also be considered. We didn't
distinguish between SMEs acting in the FMCG sector vs. industrial goods sector. The unique
structure of the SME sector in Hungary makes benchmarking results also uncertain. It will
lead to future research that the research will need to fine-tune the given chain’s dominance
influencing factor.

Another idea of future research is the enhancement of research methodology by including
refined methodology. Triangulation could also bring additional considerations in future
research. It is a powerful technique that facilitates validation of data through cross
verification from two or more sources. To elaborate insights and experiences we could use
qualitative method of case study or small group discussions with practitioners working in
enterprises. This way we could make sure that quantitative result from this study is also
being verified by practitioners.
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Purpose

One of the central ideas of Industry 4.0 is to increase flexibility. This involves collaboration
of artificial decision-makers (intelligent agents) and human workers in cyber-physical
social systems (CPSS). Information systems supporting those work processes must
become cyber production management systems to provide knowledge for socio-digital
coordination.

Knowledge includes capabilities for accomplishing tasks and an overview of the process
and organization structure (knowing who knows what). The latter is known as
organizational meta-knowledge which is crucial for coordinating distributed work involving
multiple parties with different capabilities. We identify the necessity of meta-knowledge in
CPSS from an interdisciplinary perspective of business informatics and organizational
psychology. This paper reviews research on work process planning according to where
meta-knowledge is generated or needed to facilitate developing new assistance
technologies for CPSS.

Design/methodology/approach

Conventional production achieves process performance through division of labor by
specialization. Manufacturing lines coordinate teams of specialized workers in repetitive
processes. However, Industry 4.0 introduces flexibility to increase efficiency (throughput
maximization, cost and effort minimization) and reliability (robustness against failure).
From an organizational psychology perspective, specialized teams only work efficiently if
they have common meta-knowledge. Flexibility changes the required meta-knowledge as
roles become re-assigned and task-related knowledge becomes re-located. Thus, it is
crucial to provide teams with up-to-date meta-knowledge about process and role
organization.

Findings

Three major planning and scheduling procedures affect knowledge. Given a workforce,
qualification management(1) provides workers with the capabilities to perform required
tasks. It includes hiring staff, buying machinery, training employees, or providing assisting
technology to guide workers through unfamiliar tasks. In CPSS, capabilities should also
include knowledge about how to interact in teams including artificial agents.

Knowledge requirements result from shift planning(2) which assembles teams that cover
a set of roles with the required team members’ capabilities. Since cooperation requires
meta-knowledge about capabilities of others to ensure process efficiency/reliability, shift
planning in CPSS must account for and provide that meta-knowledge.

The resulting team compositions constrain the optimal scheduling of jobs(3) to teams of
workers with given capabilities. In CPSS, meta-knowledge must be provided to human and
artificial decision-makers and updated in the case of role changes and re-scheduling of
tasks to maintain robustness against failures.

Value

The human perspective in socio-digital teams is currently underrated in optimization,
planning, simulation, and information systems design. We point out where to extend
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research and technology based on psychological findings to develop insights and tools for
knowledge management in CPSS for researchers and practitioners.

Practical Contribution

Assistance systems providing task-related knowledge must be extended with team
coordination functionalities including meta-knowledge. Human-agent-interactions with
those systems must be evaluated in experiments, simulations, and field tests

INTRODUCTION

One of the central ideas of Industry 4.0 is to increase flexibility and robustness in
interconnected manufacturing and logistics processes through adaptation [1]. By means
of distributed process control (e.g., cyber-physical and multiagent systems) [2] as well as
smart assistance technologies (e.g., augmented reality) [3], new opportunities arise for
reacting to system changes. These changes can be caused by internal or external dynamics
like non-availability of workers and machines or changes in demand and supply. For
example, material flows can be re-routed and manufacturing processes re-scheduled
dynamically by means of negotiation, local decision-making, and self-organization [4].
This allows for fast adaptation of work processes involving both artificial decision-makers
(i.e., intelligent agents) and human workers using a common information system
infrastructure to keep track of tasks, roles, and processes in a dynamic organization.

However, adaptivity in manufacturing requires extensive effort for coordinating distributed
and partly autonomous processes. Involving both artificial agents and human workers,
these are not only cyber-physical, but cyber-physical social systems (CPSS) [5].
Information systems supporting those work processes must account for that fact. They
must become cyber production management systems [6] which provide all parties involved
with the required knowledge for successful coordination and adaptation.

In logistics and manufacturing, knowledge refers to the required capabilities for ac-
complishing a task as well as to a certain overview of the overall process and organization
structure that task is located in. The latter is known as organizational meta-knowledge
which is crucial for coordinating distributed work involving multiple parties with different
capabilities [7]. This paper focuses on the role of meta-knowledge in CPSS from the
interdisciplinary perspective of business informatics and organizational psychology. From
that perspective, both the technical side of autonomous production systems and the
cognitive side of teams as knowledge processing entities are combined to contribute to
the design of information system infrastructures for Industry 4.0.

In particular, this paper identifies the necessity to support organizational meta-knowledge
with information systems in dynamic CPSS. This leads to the research question of how to
design such knowledge management information systems in a distributed decision-making
environment. The paper reviews research on work process planning according to where
meta-knowledge is generated or needed to facilitate developing new assistance
technologies for CPSS. To that end, it identifies three major planning and scheduling
procedures which affect knowledge in Industry 4.0, discusses existing work in that context,
and points out challenges for developing future information systems for CPSS.

Consequently, the remainder of this paper focuses on the analysis phase in the process of
design-oriented research in business informatics [8]. The following section introduces an
example application in Industry 4.0. It provides an analysis of the requirements of that
example with respect to knowledge management for human and artificial decision-makers
from an interdisciplinary point of view. From that perspective, the section points out the
role of meta-knowledge for successful coordination in cyber-physical social systems. It
reviews work in qualification management, shift planning, and job scheduling to identify
challenges for knowledge management in CPSS. The subsequent and final section then
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summarizes those findings and points out their implications for developing information
systems for CPSS in Industry and Logistics 4.0.

KNOWLEDGE MANAGEMENT IN INDUSTRY 4.0

Industry and Logistics 4.0 approaches are characterized by adding autonomy and self-
organization to manufacturing processes in order to increase their flexibility and
robustness. To that end, such approaches utilize technology like the Internet of Things,
multiagent systems, and augmented or even virtual reality to create cyber-physical
systems in which physical components are enhanced by decision-making capabilities.

For example, at the time the term Industry 4.0 was coined [1], Ganji et al. presented a
flexible manufacturing approach for automotive tail-lights that uses those technologies
[9]. In their case study, artificial agents represent both individual products as well as
assembly stations. To add flexibility to the manufacturing process, the product agents are
free to decide which final product variant their represented physical object should become,
depending on the current demand for each variant. They can even react to demand
changes during the assembly process and change their decisions. Additionally, the system
gains robustness by allowing for dynamic reallocation of assembly orders to an alternative
station if one or more stations become unavailable. Consequently, the described example
demonstrates how autonomous logistics control can transform a conventional production
line into a flexible assembly network as depicted in Fig. 1.

LLLLY

Figure 1. Example assembly network consisting of an input/output, five assembly
stations, as well as connections between them

Nevertheless, Fig. 1 also shows that the described example process is not fully automated.
Instead, human workers perform the actual assembly which is the case in most real-world
logistics and manufacturing scenarios. These workers have to cope with the increased
flexibility, making the overall manufacturing process less intuitive and foreseeable. If a
station becomes unavailable or product demands change, a worker will be faced with
changing assembly orders. Additionally, they might have to step in for and support their
colleagues to ensure the overall system’s capability of processing these orders. To that
end, coordination between human workers and artificial agents is necessary, making the
cyber-physical system in fact a cyber-physical social system [5].

The requirement for coordination and flexibility has drastic impacts on organizational roles
and knowledge management in CPSS. Workers need to have the required capabilities to
process different tasks and possibly switch between them on. Moreover, they need to
coordinate and form hybrid teams comprising both human co-workers as well as artificial
entities. From this perspective, workers play an active role in controlling manufacturing
and logistics processes which is one of the core ideas of Industry 4.0: Instead of being
governed in their work by automation, humans should be enabled by technology to gain
better control of their work processes. This, however, necessitates an understanding of
human teamwork as well as its challenges in order to facilitate designing such technology.
Thus, we adopt an interdisciplinary point of view including organizational psychology and
business informatics in the following sections to analyze knowledge management, its
challenges, and related concepts for CPSS in logistics.
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Organizational Roles and Meta-Knowledge in Cyber-Physical Social Systems

In Industry 4.0, flexibility is introduced into manufacturing and logistics to increase
efficiency (throughput maximization, cost and effort minimization) and reliability
(robustness against failure). From an organizational psychology point of view, these
performance factors are directly affected by role and knowledge structures within teams
of workers as they have major impact on their ability to successfully coordinate their
activities. As Timm et al. point out [10], knowledge refers to the required capabilities as
well as to the availability of information to conduct specific tasks. Such knowledge can
either be shared among team members (generalists) or it can be divided between them
(specialists). This distribution or division of knowledge in teams affects a team’s task-
processing efficiency, coordination, potential information overload, and its resilience
against disturbances [11]. While specialist (divided) knowledge can enhance the efficiency
by division of labor, generalist (shared) knowledge increases a team's ability to cope with
disturbances by means of redundant capabilities.

In the aforementioned logistics example application, knowledge and labor is largely divided
between the workers as they perform specialized tasks at the different assembly stations.
Nonetheless, some tasks can be substituted with others to compensate for non-available
stations by slightly changing product configurations. Thus, workers can step in for each
other as they also possess a certain amount of overlapping capabilities; i.e., shared
knowledge. This shows that knowledge is closely related to the organizational roles of
different workers [12]: Their assigned roles define their tasks within the organization
which, in turn, result in specific knowledge requirements. Vice versa, a worker’s actually
available knowledge can restrict them to certain roles or enable them to switch between
roles for increased organizational adaptivity.

However, specialized teams can only work efficiently if these teams have common meta-
knowledge about the organizational structure and the distribution of task-related
knowledge. Workers can only assist and step in for each other if they know their co-
workers’ tasks and roles in the process; i.e., with whom to coordinate in what manner.
Such a transactive memory provides a shared context for the performance of divided tasks
[13]. It contains knowledge about the location of expertise (knowing who knows what)
which facilitates coordination and further specialization [14]. Moreover, a transactive
memory increases both a team's performance in dynamic environments (which is crucial
for adaptive and flexible CPSS) and its ability to include new members [15].

In fact, the preceding considerations hold for both human and artificial team members. In
the application example, the agents representing products and assembly stations must
know with whom to coordinate the products’ routes through the manufacturing network in
order to maintain a correct assembly sequence as well as to avoid congestions, material
shortages, and idle times. In conventional production, Fordian manufacturing lines serve
as a physical device for coordinating teams of highly specialized workers in repetitive
processes; i.e., they embody meta-knowledge about tasks and their sequences in their
physical configurations. However, if external demand changes or a station becomes
unavailable in CPSS, schedules must be adapted which potentially leads to changing roles
of workers at other stations (i.e., alternative tasks must be performed in compensation).
This also changes the required meta-knowledge of workers as roles become re-assigned
and task-related knowledge becomes re-located. Thus, it is crucial to provide teams with
up-to-date knowledge about the current process and role organization. To that end, the
following section presents existing work and challenges for knowledge management in
CPSS from a business informatics perspective.

Managing Knowledge in Industry 4.0: Objectives and Challenges

With respect to the preceding discussion, existing work can be grouped by three major
planning and scheduling procedures which affect work processes as depicted in Fig. 2.
Given a particular workforce, qualification management has the task of providing workers
with the capabilities to perform required tasks. These requirements result from regular
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shift planning activities which take the composition of workers’ capabilities as input for
forming teams with specific role assignments for each member. In turn, team compositions
constrain the scheduling of jobs for manufacturing and logistics: efficient and reliable
processes require teams of workers with specific capabilities.

Long Term Short Term

Qualification Shift Job
Management Planning Scheduling — - - = Temporal Scope

Input
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Figure 2. Planning and scheduling processes which affect knowledge management in
Industry and Logistics 4.0

Qualification Management and Capabilities. To conduct any work in manufacturing
and logistics, it is necessary to have the right composition of staff with the required
capabilities. Qualification management provides personnel with task-related knowledge of
how to do things. This can be achieved by hiring specialized staff and buying new
machinery, by training existing employees, or by providing them with assisting technology.
In Industry 4.0 and CPSS, the latter is discussed. In particular, augmented reality (AR)
systems have been proposed to support workers in dynamically changing environments
and guide them through unfamiliar tasks [3]. As Quandt et al. show [16], these tasks can
range from process modeling and product development, over production processes and
navigation, to quality control and maintenance [17-19].

However, in CPSS, qualification management refers to the capabilities of both artificial
agents and human workers. In the example, product agents must be capable of navigating
and coordinating their actions with the station agents. If demands change or a station
becomes unavailable, they must re-schedule their processes through communication [20].
The challenge for information systems to assist human workers is to share information not
only between personnel but also with artificial agents and vice versa. Otherwise, processes
can become incomprehensible which endangers their reliability.

Shift Planning and Role Assignments. Since work processes consist of different tasks,
workers form teams in which these tasks are connected to specific roles. Each role is
defined by a set of tasks a person filling that role is supposed to perform [12]. The problem
of assigning roles to the available workforce is known as the nurse scheduling problem in
which teams must be assembled that cover a set of required roles with the team members’
capabilities [21]. For instance, a team with five different assembly roles as well as station
and product agents are required in the example. In CPSS, roles and team formation have
been primarily researched for structuring multiagent systems. These techniques draw
inspiration from human organizations, ranging from rigid hierarchies and more flexible
holarchies to dynamically established teams for particular tasks [22-23]. Selecting an
appropriate organizational structure is crucial for effective and efficient multiagent
coordination, particularly in dynamic environments [24].

Nonetheless, as pointed out above, cooperating in a team with distributed roles requires
meta-knowledge about the capabilities of other team members to ensure process
efficiency and reliability. Multiagent researchers have identified this need and developed
methods for agents to reason about the capabilities of their counterparts and to integrate
them into an organizational structure for the tasks at hand [25-26]. Still, this meta-
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knowledge has to be shared with others, especially in hybrid teams of humans and artificial
agents. Therefore, a challenge for information systems in CPSS is to provide not only task-
related knowledge but also meta-knowledge for successful teamwork.

Job Scheduling and Job Assignments. Given established teams, actual jobs and tasks
must be scheduled and assigned to team members to be performed at specific time
instances. Finding the best sequence of jobs to be assigned to workers or machines is
known as the job-shop-scheduling problem [27]. While there are numerous algorithms for
job-shop-scheduling in operations research [27], the inherent distribution and dynamics
of CPSS necessitates solutions based on communication which allow for distributed
decision-making and re-scheduling of tasks in case of changing conditions. In fact,
distributed planning and process monitoring is one of the classic research areas in artificial
intelligence and multiagent systems [28]. In this context, negotiation-based task
assignment, combinatorial auctions, and self-organization techniques have been
successfully applied to decentralized manufacturing control and logistics [4].

Nevertheless, distributed work process planning and control, again, requires meta-
knowledge about roles and capabilities. As Timm et al. demonstrate [10], specialized
teams with meta-knowledge perform better in distributed job-shop scenarios than
generalized ones. Hence, the required meta-knowledge must be provided to the team and
updated in the case of role changes and re-scheduling of tasks to maintain robustness
against failures. When human and artificial decision-makers work together, both need
access to this knowledge. From an information systems perspective, the challenge
amounts to where meta-knowledge should be stored and how it can be updated.

CONCLUSIONS AND IMPLICATIONS

This paper has identified the role of organizational meta-knowledge in cyber-physical social
systems for flexible production and logistics in Industry 4.0. It has adopted an
interdisciplinary perspective of business informatics and organizational psychology to
analyze knowledge management requirements for successfully coordinating distributed
activities. Using an Industry 4.0 example, the paper has shown where task-related
knowledge and meta-knowledge is required and provided in qualification management,
shift planning, as well as job scheduling. In that context, the challenges for knowledge
management are to explicate task-related knowledge and process information in hybrid
teams of human workers and artificial agents (who is capable of which task?), to achieve
the same for organizational meta-knowledge (who is responsible for which task?), and to
provide this knowledge where it is required when it is needed (who is currently available
for which task?). To the latter end, a dedicated infrastructure is necessary which facilitates
sharing both task-related and meta-knowledge between human workers and artificial
agents in Industry 4.0.

The technologies to provide task-related knowledge in practical applications are readily
available in the form of knowledge brokers [29], the Electronic Product Code Information
Services (EPCIS) in the Internet of Things [30] or the Directory Facilitator in multiagent
systems [31]. Nevertheless, the human perspective in socio-digital teams is underrated in
optimization, planning, simulation, and information systems design. Current approaches
to Industry 4.0 mainly focus either on complete automation or on assistance systems for
providing task-related knowledge to human workers. These latter systems should
additionally be extended with team coordination functionalities to include organizational
meta-knowledge. As this paper has shown, meta-knowledge is crucial for successful
coordination between specialist workers and agents. Therefore, interactions of humans
with such systems must be evaluated in experiments as well as field tests. Only if human
workers can gain control over their constantly adapting work processes, they will be able
to cope with ever increasing flexibility and change. This is the central challenge for
information systems design in Industry 4.0 on its way toward human-centric cyber
production management systems.
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ABSTRACT

Purpose of this paper:

Two major trends, electric mobility and digitalization, are going to transform the
automotive industry. Car manufacturers and suppliers alike are under increasing pressure
to adapt to these trends. This paper shows how German car manufacturers and their
suppliers assess electric mobility and digitalization in terms of supply network adaptability.
It is discussed if these trends follow evolutionary or revolutionary patterns.

Design/methodology/approach:

Adaptation can be seen as a process of evolution — in natural ecosystems as well as in
supply networks. Evolutionary Economics and Punctuated Equilibrium are combined into a
theory framework to analyze the adaptation processes of German automotive supply
networks. Data has been collected in four in-depth interviews with managers of German
car manufacturers and tier-1 automotive suppliers, respectively.

Findings:

Both car manufacturers and automotive suppliers see electric mobility as a trend that is
still in an equilibrium and can be dealt with slower, gradual modes of adaptation. However,
some experts have the opinion that this will only work until a tipping point is reached. In
contrast, the impact of digitalization on automotive supply networks is much less clear.
While some experts see a distinct revolutionary impact on the supply networks which
requires an abrupt adaptation to new scenarios, others follow a more conservative view
assuming a longer time allowance for supply networks to adapt gradually. The data
suggests that the former have a focus on the connected car/autonomous driving, while
the latter are following a more general approach that also includes “smartphone-on-
wheels” concepts. Irrespective of the impact on a company’s products, digitalization
changes the way a company works internally and collaborates with both its supply network
and its customers. Both car manufacturers and tier-1 suppliers agree that the supply
networks enjoy long phases of relative stability. Trends requiring a rapid, fundamental
adaptation are rare. This suggests that the theory framework that combines Punctuated
Equilibrium and Evolutionary Economics is a promising toolset for analyzing the adaptation
of supply networks.

Value:

This paper presents empirical insight from the automotive industry on how car
manufacturers and tier-1 suppliers prepare to cope with the trends of electric mobility and
digitalization. To the best of our knowledge, this paper is the first attempt to combine
Punctuated Equilibrium and Evolutionary Economics into a conceptual model for the
adaptation of supply networks as a response to fundamental changes.
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Research limitations/implications:
It needs more empirical data, from case studies for instance, to develop a more detailed
conceptual model of how supply networks adapt to long-term, fundamental changes.

INTRODUCTION

Germany is one of the largest car manufacturers in the world - and the automotive
industry is of high macroeconomic importance to the country: It is responsible for about
half the German trade surplus (DESTATIS, 2017a), is the country’s strongest exporter with
a share of 18% (DESTATIS, 2017b), and employs close to 830,000 people (DESTATIS,
2017c). In its 2016 annual report, the Association of the German Automotive Industry
(VDA) names two major trends - electric mobility and digitalization - that are transforming
the industry and pushing it into a “new networked world of mobility” (VDA, 2016). A recent
market survey sees a strong growth of electric powertrain solutions bringing suppliers for
the conventional powertrain under increasing pressure against a general background of
growing volatility in the automotive market (Berret et al., 2016). To cope with these
structural changes, automotive manufacturers have to develop new supply chain concepts
(Klug, 2013; Klétzer and Pflaum, 2017).

According to Lee (2004) successful supply chains have three main features: adaptability
(coping with long-term structural shifts in the market), agility (adapting to disturbances
and short-term demand fluctuations), and alignment (getting all involved partners to be
committed to a joint supply chain target system). As both electric mobility and
digitalization could lead to structural changes in the market, the adaptability of automotive
supply chains is in great demand.

Adaptation can be seen as a process of evolution - in natural ecosystems as well as in
supply chains. Hence, frameworks using concepts of the theory of evolution could be useful
to better understand mechanisms of adaptation in supply chains, e.g. Evolutionary
Economics (Nelson and Winter, 1982) and Punctuated Equilibrium (Eldredge and Gould,
1972), both proposed for this purpose by Ketchen and Hult (2007). In this paper, we will
combine these concepts into a theory framework to analyze how German OEMs and tier-
1 suppliers cope with electric mobility and digitalization.

The rest of the paper is organized as follows: The literature review focuses on (1) outlining
mechanisms of adaption in supply chains and (2) describing the challenges of electric
mobility and digitalization from a supply chain perspective. Then, a theory framework is
established than combines Punctuated Equilibrium and Evolutionary Economics. The
results from four in-depth interviews, which have been conducted with managers of two
OEMs and two tier-one suppliers, are presented. The paper ends with drawing conclusions
from these interviews and outlining directions for further research in this area.

LITERATURE REVIEW

Adaptation is the process to facilitate survival under changing environmental conditions
(Chakravarthy, 1982). In the supply chain context, the term adaptation is not used
consistently (Eckstein et al., 2015). Chan and Chan (2010) define adaptation as a
mechanism to cope with supply chain uncertainties. Chan (2003) suggests that
adaptability is a special form of flexibility that allows a supply chain “to respond to diversity
or change”, without making any restrictions on the type of change. Stefanelli et al. (2015)
define adaptability as the ability to follow a specific target without losing the ability to
pursue other targets at the same time, e.g. by being able to compete on both price and
availability of goods at the same time (Christopher and Towill, 2002). In this paper, we
follow Lee’s (2004) definition, which clearly distinguishes between short-term flexibility
(agility) to cope with, for instance, demand volatility or supply shortages and long-term
flexibility (adaptability), i.e. adjusting a “"supply chain’s design to meet structural shifts in
markets; modify supply network to strategies, products, and technologies”. Adaptability
has a strategic focus (Hilsmann et al., 2008) and requires sensing fundamental changes
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in the market environment as well as being able to adjust the supply chain’s configuration
accordingly (Eckstein et al., 2015). If necessary, past best-practice processes and legacy
structures must be abandoned (Ketchen and Hult, 2007) in order to regain competitive
advantage (Tuominen et al., 2004; Dubey et al., 2018).

The extant literature has collected many factors that have an impact on the adaptability
of a supply network, such as supply chain visibility (Dubey et al., 2018), information
systems that support the identification of fundamental changes in the market environment
(Ketchen and Hult, 2007), establishing supply chain portfolios instead of single supply
chains (Seifert and Langenberg, 2011), the ability to evaluate the needs of ultimate
consumers rather than direct customers (Lee, 2004), common standards in the supply
network that support smooth interaction (Reeves and Deimler, 2011), flexible product
designs (Lee, 2004), innovativeness (Eckstein et al., 2015), and a “built-in”, structural
flexibility in the supply network (Christopher and Holweg, 2011).

Chakravarthy (1982) distinguishes three states of adaptation: (1) ignoring the changing
environment, (2) reacting to the changes in environment, and (3) anticipating the
changes. In the latter state, scenario building and monitoring the supply network’s
environment for critical shifts are fundamental for adaptation. When a shift is detected
and a scenario becomes relevant, adaptation can be prepared and subsequently
implemented to again reach a stable operation of the supply network (Stefanelli et al.,
2015). Marin-Garcia et al. (2018) have suggested a scale for supply chain adaptability that
uses eight variables: (1) accommodation to changes in demand volume, (2)
accommodation to changes in production mix, (3) assessing production technology life-
cycles, (4) use of leading-edge technology in manufacturing plants, (5) monitoring of
global economies for potential new markets, (6) considering the needs of both immediate
and ultimate customers, (7) monitoring of global economies for new suppliers, and (8)
understanding the suppliers’ distribution process.

The trend to electric cars is changing the supply chains of automotive manufacturers: Even
though electric cars might share body and chassis modules with cars driven by combustion
engines, the powertrain (engine, gearbox, differential, and drive shaft) is quite different
(Ginther et al., 2015). Some of a car’s most sophisticated mechanical systems are
replaced by much simpler ones (e.g. the combustion engine by an electric motor) or even
become completely obsolete (the gearbox, for instance). On the contrary, electric cars
have much more electronic components. The battery system is a supply chain challenge
because it requires metals like lithium or cobalt, which are in limited supply (Olivetti et
al., 2017). Also, mining these metals imposes huge risks on the environment (Steinweg,
2011) while their criticality for the battery supply chain brings sociopolitical as well as
geopolitical risks. According to Bill Russo of Automobility, a Shanghai-based consulting
firm, the pure size of the Chinese market and the Chinese government’s strong support
for electric mobility on both the supply side and the demand side have the potential to
“suck the world’s [electric-vehicle] supply chain into China” (N.N., 2019).

Digitalization has two perspectives: (1) digitalization of manufacturing and supply chain
processes and (2) digitalization of the product. While the former perspective has been
covered in the literature in great detail, the latter one has been discussed much less. In
the past years, electronics in cars have changed from various uncoupled electronic control
units to highly integrated in-car networks. The vision today is the “connected car”
interacting with other vehicles and roadside infrastructure via both built-in and brought-in
smart devices (Coppola and Morisio, 2016). The emergence of apps in the car, a
“smartphone on wheels” (Werle, 2015), can be traced to various reasons such as (1) the
ongoing trend to be always connected and rely on services mediated by apps (Hofmann
et al., 2014), (2) loT-approaches to improve driving comfort and increase safety by
monitoring relevant parameters like tire pressure (Zhang et al., 2016), or (3) business
models aiming at making use of automotive “big data” (Murphy et al., 2013).
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Dealing with app developers as suppliers is a new challenge for the automotive industry.
First, app markets tend to be diverse and less controllable because apps can be built and
distributed in various ways, which might lead to a loss of technical control (Lengyel et al.,
2015). Also, the innovation models are based on co-creation and open-innovation
approaches (Dametto, 2018) to an extent that is unknown for any other component or
system of the car. Lastly, the business models that can be built on the “connected car”
vision seem to be very diverse and are not yet fully understood (Mikusz et al., 2017).

THEORY FRAMEWORK OF THE STUDY

Over the years, the ongoing externalization of operations has led to supply networks as
the predominant way of organizing the production of goods (Harland, 1996). Several
authors, e.g. Choi et al. (2001), Surana et al. (2005) and Pathak et al. (2007), have
suggested to use the theory of complex adaptive systems (CAS) as the underlying theory
of supply networks. Holland (1992) defines CAS as large systems with many simultaneous
interactions and three main characteristics: “evolution, aggregate behavior, and
anticipation”. Evolution is the basic means of adaptation, and “aggregate behavior”
underpins that, in the supply network context, the appropriate perspective is not the
isolated view on individual stakeholders but a holistic view on the supply network as an
entity. Its stakeholders anticipate structural shifts in the market and, by their response,
trigger a feedback mechanism that impacts the market situation.

For this paper, we assume that adaptation of supply networks can be explained using a
combination of Punctuated Equilibrium and Evolutionary Economics (fig. 1), as suggested
by Ketchen and Hult (2007). Punctuated Equilibrium (PE), developed by Eldredge and
Gould (1972), assumes stability as the normal state of an ecosystem. The ecosystem
works on maintaining the stable state, the equilibrium, but rare dramatic events in the
environment can bring it out of balance (punctuate it). The ecosystem responds with new
species that adapt to the new environment and subsequently finds a new equilibrium. PE
emphasizes a discontinuous change process: In the equilibrium phase only small,
incremental improvements are made while the organization’s deep structure (core beliefs
and values; products, markets, technology, and competitive timing; distribution of power;
and organizational structure and the nature of its control system) remains untouched
(Prevel Katsanis and Pitta, 1995). The deep structure only changes in the revolutionary
phase following the punctuation: Then, a strategic reorientation (Tushman and Romanelli,
1985) is necessary to regain competitive advantage.

Evolutionary Economics (EE), developed by Nelson and Winter (1982), deals with selection
pressure in markets. Resembling natural selection in ecosystems, supply networks that do
not respond with appropriate innovations to the changing environment risk their survival
(Geels, 2014). EE comprises three concepts: (1) organizational routine, i.e. well-proven
behavioral, process and technological patterns, (2) search, i.e. continuously evaluating
the organizational routine and looking for better alternatives, and (3) selection
environment, the markets in which an organization operates under mutual influence
(Nelson and Winter, 1982). “Adaptation through selection” is a process in which innovation
increases diversity, while selection due to, for instance, competition and regulation reduces
it. The literature shows only a few applications of EE in the supply chain field, for instance
to logistics capabilities that provide competitive advantage (Olavarrieta and Ellinger,
1997), outsourcing (Mahnke, 2001) or the management of sea ports (Notteboom et al.,
2013).
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Figure 11: Theory framework

RESEARCH METHODOLOGY AND DESIGN

Data was collected in four in-depth interviews in the German automotive industry: two
with senior managers of carmakers (labeled OEM-A and OEM-B, respectively), two with
senior managers and executives of tier-1 suppliers (T1S-A, T1S-B). All interview partners
are responsible for strategic supply network design and management. A field manual
guided the interviews, which was prepared on the basis of both literature review and
theory framework. The field manual comprised three main sections: (1) How do supply
networks adapt? (2) Does the theory framework fit into this picture? and (3) How does
the firm respond to electric mobility and digitalization, respectively? The interviews were
conducted and audio-recorded between October 2017 and March 2018. The transcriptions
were processed with qualitative content analysis (Mayring, 2000) using the QCAmap online
tool with a two-step coding process (initial coding table, which was then complemented
inductively).

ANALYSIS OF INTERVIEWS

T1S-A is one of the largest German automotive suppliers. On the one hand, the firm aims
at reducing process-related complexity by centralizing supply network decisions and
harmonizing IT systems, on the other hand the complexity of collaboration is increased,
e.g. by a higher degree of specialization and cultural diversity in the teams and regular
cross-team meetings. The idea is to match the increasing complexity in the market
environment with an increasing complexity of the organization’s capabilities. A campus-
like centralization of all supply network teams supports communication and coordination
across teams and helps to change the mindset towards openly accepting change as a
necessary condition for survival.

The managers responsible for the various material segments are the key for collecting
data, sensing long-term changes in the supply market environment and develop
adaptation strategies. Any approach to measuring success has to balance the firm’s short-
term with its long-term interests: “If the company is still alive in 2030, we know that it
has worked”. This is reflected in the idea that the company must be attractive for suppliers
and patronize an ecosystem in which the supplier network can survive, e.g. by providing
attractive terms of payment and long-term contracts to ensure financial stability of
suppliers as well as by avoiding a one-sided concentration of risks.
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On the demand side, the current focus is on those business units that are connected to
the powertrain and therefore are directly impacted by the electric mobility trend. These
business units develop scenarios, including extreme ones, and analyze the respective
impacts on their strategies. The business units systematically observe new technologies
and test the waters for new products and services, team up with suppliers in a co-
evolutionary way, including spinning-off innovative products into market niches
(resembling the theory framework’s search & evaluate process).

As in PE, the supply network is characterized by long phases of stability and a few
revolutionary events. Revolutionary events stand out by their extraordinary speed of
change. The firm sees the electric mobility trend still in the equilibrium, as sales volumes
in this segment are low. A tipping point would be an innovative battery system (cheap,
high capacity, and fast rechargeable).

Digitalization is about to change procurement. After decades of organizational stability, it
is expected that data analysts and market intelligence specialists will play a new and
important role in the procurement organization. However, it is not clear if this is just an
accelerated phase of the equilibrium or a first sign for revolutionary change.

T1S-B provides solutions to the automotive industry, for which it is also strong in the
after-sales market, but also to other industries. Adaptability of a supply network is
“ultimately hard to measure”, but certainly classical KPIs focusing on inventory or lead
time are not appropriate. The firm needs to provide an ecosystem for the suppliers to
survive, e.g. by guaranteeing fair prices for the supplied goods. Innovation in the
automotive industry is more driven by tier-1 suppliers than by the OEMs, i.e. the search
& evaluate process is rather established bottom-up than top-down.

The major impact of digitalization is that it automates and centralizes processes that have
been done before manually and were not coordinated globally. To increase its agility, the
firm is establishing an automated, real-time matching of production equipment (technical
capabilities, capacity), human resources (capabilities, capacity) and products (technical
requirements, demand) across its global production network. Suppliers are selected also
because of their abilities to provide data for this matching process and smoothly integrate
results from it into their own order fulfillment and manufacturing execution systems.

As the products of the company are less influenced by the developments toward an
electrical powertrain, the firm is able to just observe this trend from afar. Howsoever,
electric mobility is seen in a still evolutionary development that would require certain
technological and infrastructural breakthroughs, e.g. with respect to charging, to reach a
tipping point. Even then, the battery-powered electrical powertrain would still have to face
competition from rival solutions like the fuel cell. On the contrary, digitalization is seen as
already in a revolutionary phase as it is beginning to change the deep structure of the
supply network.

Within OEM-A's procurement organization, the material segments (e.g. body or interior
equipment) are responsible for identifying fundamental changes to which the supply
network needs to adapt. In addition, a central unit covers cross-segment issues.

The company recognizes that both electric mobility and digitalization will lead to
reorganization projects. The supply network will change because new technologies and
suppliers enter the market. As a consequence, also the firm’s supply management
organization has to undergo some restructuring, even though the core processes will
remain stable. Digitalization will bring about new business models like selling data
generated by cars.
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The operational planning for electric mobility is based on different scenarios (each
forecasting up to ten years) for the market penetration of electric engines. The materials
segments have to identify the scenarios’ impacts on their respective portfolios. In order to
stabilize the supply network, the firm aims at establishing long-term partnerships with
suppliers. This is also reflected in looking at the supply network as an ecosystem, in which
suppliers must be able to survive. Suppliers are continuously checked whether they can
cope with the trend toward electric mobility with respect to both technology and innovation
as well as for their financial stability in a changing market. To reduce the impact of the
electric mobility trend, the firm is developing flexible car architectures that can
accommodate combustion as well as electric engines. The firm has also set-up scenarios
for alternative drives, e.g. for fuel cells, even though the focus is still on battery-powered
engines.

In general, a revolutionary development is seen as “an accelerated evolutionary one”. The
development toward electric mobility still follows evolutionary patterns. The firm, however,
is aware that punctuation can happen suddenly if the cost-benefit-ratio for consumers
changes substantially. Likewise, a breakthrough of the fuel-cells technology would be a,
though very different, punctuation event.

Digitalization is going to have a much higher impact on the organizational structure. The
new suppliers, which are emerging because of the “autonomous driving/connected car”
trend, are different from the traditional suppliers: apps provided independently from
hardware, lower initial product maturity levels accompanied by frequent software updates,
much quicker time-to-market, and a growing interest to be paid by data generated by the
“connected car” instead of money. However, the development of digitalization is seen as
following evolutionary patterns. A punctuation event would be that technology acceptance
of autonomous driving reaches a tipping point. This tipping point is supposed to be far
away, as is a proper nationwide roadside infrastructure supporting autonomous driving.

OEM-B’s procurement is organized by material segments as well. The firm usually works
with mid-range requirement planning cycles covering two years. For special issues like
electric mobility this range is extended to three to four years. The trend toward electric
mobility will not only change the supply network but also the firm’s internal organizational
structure: Electric vehicles “have less components but need more raw materials”,
specialists for the involved technologies and materials need to be integrated, and the
responsibilities for the components of the electric powertrain have to be consolidated. The
most visible sign of the electric mobility trend in the supply network is a request for
quotation for batteries based on the extended mid-term requirement planning scenarios.
In R&D, the electric mobility trend has sparked projects for a flexible architecture for
electric vehicles, which also considers alternatives to the battery (e.g. fuel cells).
Currently, electric mobility is mostly driven by laws and regulations fostering
environmental protection, not by customer demand. The development is evolutionary as
(1) the small but increasing demand for electric vehicles comes on top of a still growing
demand for cars driven by combustion engines and (2) the development of (synthetic) e-
fuels, an alternative drive technology, already shows promising progress. However,
suppliers need to be carefully monitored if they are able to contribute to the electric vehicle
and are fit and financially stable enough to survive a fast transition.

Digitalization will have a higher impact on the organizational structure, as “new
stakeholders like app and web developers as well as start-ups have to be integrated and
cooperation within the supply network will change”. Procuring software apps is a new
challenge. In the past, software was an integral part of a device. Today, in many cases,
devices and apps are purchased separately. Hence the company has pooled and
consolidated car digitalization issues as a new segment in its procurement organization.
Likewise, the firm needs to build-up human resources in R&D for integrating digital
technologies into car architectures and developing concepts for making use of the data
generated in the “connected car”. The new type of suppliers that is emerging requires new
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forms of collaboration, as the firm’s established supply management platform is too
complicated for small companies. The development of digitalization is considered following
revolutionary patterns, as it is faster than what the company can cover easily: “It is going
to overtake us”.

T1S-A  T1S-B OEM-A OEM-B

electric mobility E E E E

digitalization | unclear R E R

E: Trend is following evolutionary patterns

R: Trend is following revolutionary patterns

Figure 12: Interviewees' evaluation of electric mobility and digitalization

CONCLUSIONS AND FURTHER RESEARCH DIRECTIONS

All interviewees agree that the trend toward electric mobility is following evolutionary
patterns (fig. 2). The interviews revealed the stabilizing factors keeping the supply network
in an equilibrium with respect to electric mobility: The trend is mainly driven by regulators,
sparse charging infrastructure, low consumer demand because of a non-convincing cost-
benefit analysis, and upcoming alternative technologies that challenge the powertrain
concept of a battery-powered electric motor.

For digitalization the picture is less clear, but the majority agrees that this trend at least
has the potential to punctuate the equilibrium. The OEM’s are consonant with each other
about the impact of digitalization on both the supply network and their organizational
structure. OEM-A having a focus on “autonomous driving” as the main force behind this
trend still sees the lack of roadside infrastructure as a key limiting factor for digitalization.
However, all OEMs have to cope with the consequences of the conceptual change of the
car architecture that is triggered by the vision of the car as a “smartphone on wheels”,
which is not limited to autonomous driving. Irrespective of the impact on a company’s
products, digitalization changes the way a company works internally and collaborates with
both its supply network and its customers.

The theory framework for this study - a combination of Punctuated Equilibrium and
Evolutionary Economics - has proved to be a useful concept for understanding the
mechanisms of supply network adaptability. Originally proposed by Ketchen and Hult
(2007) to be applied discretely to SCA, the interviews suggest that a combination of both
models is a viable approach.

For future research, the supply network’s adaptability with respect to digitalization should
be in the focus. More precisely, it should be analyzed (1) how the new type of suppliers
emerging can be best integrated into the supply network, (2) how the supply network can
be formed as an ecosystem that helps both manufacturers and their supply network to
survive a punctuation event, (3) how fundamental changes can effectively be sensed in
an organization that strives for stability, and (4) how the innovation and selection process
that precedes a new equilibrium can be best organized.
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Purpose

Blockchain technology is viewed by many businesses as the main technological innovation
borne out of a wave of digital crypto-currencies. It is currently believed that this new
technology has the potential to improve efficiencies, security and trust across a range of
marketplaces, however as with most radical disruptive technologies, considerable ‘*hype’
exists surrounding Blockchain declaring that it will have important Supply Chain
Management applications. This paper seeks to contextualise a range of issues to assist
understanding why from proof-of-concepts are difficult to scalable industry-wide
applications.

Design/methodology/approach

This paper is set out in sections, namely; a systematic review of literature of blockchain
publications from 2009 to date, with an extended focus on the ‘traceability’ to gain a
cursory insight into any important emergent issues before highlighting a range of key
factors to consider when developing blockchain supply chain pilots.

Findings

It is clearly evident that a myriad of research opportunities exist for blockchain applications
in areas of; systems integration, technology adoption, alignment with supply chain model
and frameworks, cost-to-serve and return on investment analysis, change management,
authentication/certification and most importantly operational considerations.

Value
We conclude that the migration of proof-of-concept to scalable industry-wide applications
will be difficult, if not impossible while the highlighted complex areas remain unaddressed

INTRODUCTION

Blockchain technology is viewed by many businesses as the main technological innovation
borne out of a wave of digital crypto-currencies, the most notable being Bitcoin (Min,
2019). This new technology is currently believed to have the potential to improve
efficiencies, security and trust across a range of marketplaces, most notably in the financial
sector and supply chain management (Tapscott, 2016).

As with most radical disruptive technologies, considerable ‘hype’ exists surrounding
Blockchain with the publication of numerous editorials and social media including Twitter
comments and YouTube videos, most of which declare that it will have important Supply
Chain Management applications (Baker, 2017). Whilst some venture capitalists and
multinationals are already funding projects in various supply chain verticals, (for example
diamonds (Kemp, 2017), maritime logistics (Wolfgang, 2017), raw material provenance
(Wallace, 2016; Kochar, 2017) and healthcare (Krawiec, 2017), limited research with
empirical evidence have been undertaken to either define or scope the tactical and
operational issues that blockchain technology must resolve before being an enabler of
pragmatic improvements in supply chains.
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This paper aims to use a systematic review of the extant literature to hypothesise, using
some issues identified with another emergent supply chain technology of the 1990’s, RFID
(Visich, Li et al. 2009), that many industry sectors will have limited success migrating from
proof-of-concept to scalable industry-wide applications, while many complex areas remain
unaddressed.

This paper is set out in sections, namely; a systematic review of literature of blockchain
publications from 2009 to date, with an extended focus on the ‘traceability’ to gain a
cursory insight into any important emergent issues. Further observations and trends in
industry observations are supported from cited references. The paper concludes by
outlining key factors to consider when transferring blockchain related project pilots to
industry-scale applications.

LITERATURE REVIEW

It is recognised that Blockchain technology is a relative new innovation, consequently for
this literature review exercise, a broad general search was applied to identify as many
journals as possible who have published relevant articles in the period 2009 to present
day. Broad high level two keyword searches, ‘Blockchain’ AND ‘an extra word’ -
provenance, traceability, transparency, RFID, IoT and literature. Limited exclusion criteria
was applied across via SciMago and Scopus databases, and Google Scholar.

To provide context to the following sections and discussion it is important to provide
definitions for ‘Provenance’, ‘Transparency’ and ‘Traceability’.

e Provenance
From the French provenir, "to come from", in supply chain terms it is the chronology
of the ownership, custody or location of a historical object that helps to confirm
authenticity and value. An example would be a manufacturer’s Certificate of Analysis
(CoA) or perhaps an official stamp and/or serial humber. When applied to a
blockchain context, this provenance represents an immutable record every time
ownership is transferred.

¢ Transparency
The act of recording the business processes that have been applied to the product
during its residence in the supply chain. For example, whilst quality of production is
clearly important, the notion of quality under time-of-production is another element
that cannot be sidestepped. This encompasses human rights, worker rights, labour
rights, working conditions, environmental impact and similar elements involved in
the supply chain that are not tangible. These data points represent important
business conditions and are not transitory data related to the product per se.

¢ Traceability
Is the capability to trace an item (both in terms of forward and reverse logistics) as
it transverses the supply chain. Multiple data points such as driver manifests,
shipping container codes, and ambient temperature data, all quite unrelated to the
product characteristics, can be collected and added to a blockchain. Recently the
absence or incompleteness of traceability has been behind different social and
environmental sustainability crises, tragedies and scandals affecting industries as
powerful and diverse as food, toys, meat production, apparel and pharmaceuticals
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(Garcia-Torres, 2018). It is for these reasons that block chain has gained significant
attention and focus as being a potential solution to address traceability issues.

The search of the extant literature resulted in six systematic blockchain papers, each of
which reflected a specific area of interest. The areas were (i) Reviewing the current status,
classification and open issues on applications (Cosino et al., 2019), (ii) Highlighting the
use of blockchain within cities (Shen et al., 2019), (iii) Assessing if/fhow blockchain
technology may disrupt existing business models (Nowinski, 2017), (iv) Consideration of
supply chain management integration issues (Queiroz, M., Telles, R. et al., 2019), (v)
Adoption challenges in both India and the USA (Querios M., 2019) while (vi) sort to provide
an insight into the implications of blockchain technology for future supply chains (Wang et
al., 2018), which was of particular relevance as it has applied a systematic and definitive
definition of applied ‘traceability’.

Since 2015 there has been a dramatic increase in the number of quality peer-reviewed
articles, however almost all journals still feel it necessary to describe the details of
blockchain technology - this may not be required to the same extent in in future journals
since referencing previous work should be sufficient. Notwithstanding this positive
development, as is highlighted in past studies, there is still a strong need for the generation
of supply chain case studies for this nascent technology.

Initially the ‘Transparency’ of products was the first key driver for blockchain research
(Tapscott, 2016). However, over the past couple of years, the focus is moving towards
‘Provenance’, with articles dealing with this concept emerging at a significant and
increasing rate.

Publication by Blockchain plus extra KeyWord
Year Total
Provenance Traceability Transparency Literature

2014 - 1 1

2015 - - 1 1

2016 8 2 17 - 27

2017 43 18 108 1 169

2018 163 81 308 3 552

2019 48 21 92 2 161

2020 1 1 - 2
Total Articles 263 122 528 6 913

% Articles by Type 28.8% 13.4% 57.8% 0.7% 100.7%

Table 1 - ‘Search Criteria’ by ‘Publication Year’

The exponential increased of papers on both provenance and transparency is highlighted
in Table 1, however, it is speculated the scarcity of studies on supply chain traceability
(Sander, 2018; Xiwei, 2019) is predicted to only marginally increase for the remainder of
2019, meaning the applicability of traceability on blockchain is less studied or reported.
Transparency was the initial focus of publishing interest, and continues to be the key driver
for blockchain research, where its research maturity is evidenced by publication in books
and book chapters (Table 2).
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Type Provenance Traceability Transparancy Total

Article 73 29 170 272
Article in Press 4 4 12 20
Book 1 - 13 14
Book Chapter 6 1 17 24
Conference Paper 152 66 264 482
Conference Review 10 15 9 34
Editorial 1 - 5 6

Review 16 4 33 53
Other - 3 5 8

Grand Total 263 122 528 913

Table 2 - *Publication Type’ by ‘Year’

The focus on the development of a ‘Traceability’ methodology may be a key determinant
if blockchain is to ultimately succeed as the ideal product tracking and recall system. For
example there are numerous data collection opportunities throughout a supply chain
vertical, therefore research is first required to map the essential data collection elements
required and with what collection mode e.g. RFID, IoT, scanners, OCR etc. for both forward
and reverse logistics, before defining a recall traceability methodology.

By and large the examples of blockchain in supply chain were rudimentary in nature and
the literature papers raised similar concerns in regard to the maturity of such study e.q.
“that there is a great concern about the infancy of blockchain technology and the paucity
of understanding on how it is applicable” (Shen, 2019; Querios, 2018).

Blockchain-enabled applications are very diverse (Shen, 2018), and this author briefly
discussed how blockchain could be potentially applied to drug and food supply chains,
while Cartier (2018) outlined a logical description of how the pre-and post-application of
blockchain technology solved numerous provenance and traceability issues experienced in
the gemstone industry.

Galvez (2018) and Cartier (2019) discussed examples of how smart contracts and the
adoption of radio frequency identification (RFID) technology, more commonly addressed
in IoT discussions, and how they were potential pathways for the development and
subsequent adoption of blockchain in the logistics industry. In these two papers, it was
speculated that, in a practical sense, a singular blockchain technology is not the immediate
solution to pressing supply chain problems, but the appropriate combination of a selection
of other emerging technologies can provide the providence, traceability and transparency
required for goods traversing complex supply chains.

DISCUSSION

Defining a blockchain solution for a supply chain requires both technically and operationally
generated knowledge. It appears that the notions of provenance, traceability and
transparency (PTT) are often incorrectly and inappropriately applied, since it is clear that
in many situations that they are often not synonymous.

In Cartier’s (2018) a logical description of how the pre-and post-application of blockchain
technology solved numerous provenance and traceability issues experienced in the
gemstone industry was outlined however more interestingly, this was the only article that
included a glossary of correctly defined supply chain management activities, and for this
reason this paper represents a significant source for future reference.

As a consequence, the following proposes a ‘new’ model to locate/contextualised the
terminology into three business structures, namely the Ownership, Corporate and
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Operational Layers where Ownership Layer equates to Provenance, and Corporate Layer
refers to Transparency whilst Operational Layer entails Traceability activities.

=

Blockchain Data
(collected across all three layers)
CORPORATE
Business Pr (Tr ency) LAYER
Governance, Working conditions, OH&S,
Corporate Social Responsibility (CSR)
Supply Chain Processes (Traceability)
Forward and Reverse Logistics O P E RATI O NA L
LAYER
Product Characteristics
(Provenance)
Certificate of Analysis,
Manufacturer’s Serial
number.
OWNERSHIP
LAYER

A )

Figure 2 - Blockchain PTT Hierarchy in Supply Chain Management

The term ‘supply chain’ can be sometimes be referred to via a number of terms. For
example in some countries it is described as ‘industrial engineering’ however terms such
as these were not present in the literatures ‘Keywords’. The only keyword that did exist
was ‘Supply’ i.e. Supply Chain Management which when applied resulted in just nine
journals, less than 1%, of the total journal count. This suggests that most studies to date
are by researchers are not aligned to the supply chain discipline.

It is speculated this limited focus is likely to be a contributing factor in the blockchain
community’s knowledge of the supply chain vertical. It strongly suggests that further
studies by researchers must be conducted by or including the supply chain practitioners
to focus where and how blockchain can be practically applied in the supply chain.

Blockchain and supply chain framework

It was noted there is a lack of adherence to theoretical models (Way, 2018) with only one
reference was made to the ‘Council of Supply Chain Management Professionals’ (CSCMP).
Further, whilst it is agreed that models exist, Queiros, M., Wamba, S. (2019) stated “...the
common approaches found in the literature were either conceptual, framework proposals
or case studies...which lacked understanding of how the enabler’s organisations need to
adopt them when concerned with behaviour, barriers and implementation benchmarks”
The extant literature showed limited adherence to any existing supply chain frameworks
hence it is speculated that this is one reason why the industry is unsure how to adopt the
technology. Consequently linking future research to well-defined supply chain frameworks
such as the SCOR Model?, could lead to improved industry understanding of block chain
adoption conceptual roots, and would ideally lead to more innovative, viable and scalable
industry solutions.

Systems Integration

2 Supply-chain operations reference model is a process reference model developed and endorsed by the Supply Chain Council
as the cross-industry, standard diagnostic tool for supply chain management
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Across the literature searches and case studies, no contributions made reference to the
range of existing supply chain management software applications such as NFC, WMS, TMS
and ERP3, which indicates the lack of systems integration of the blockchain technologies.
It is speculated there is still a heavy focus on creating a new and sole data repository,
which implies that blockchain is being represented as a replacement strategy rather than
a complimentary technology solution. Numerous ‘grey’ literature propose that blockchain
is not a ‘solution by itself’ but is part of a network of applications; this implies that there
are still significant research opportunities in this field of study.

Technology Acceptance

Information and communication technologies that changed the conventional processes and
business models such as Uber and AirBnB are popularly described as “disruptive”, and in
most literature reviewed, blockchain is no exception. However, the key focus of today’s
Supply Chain Manager is on applying pragmatic solutions to resolve critical operational
issues in the business, hence, describing blockchain as a ‘disruptive’ technology is the
antithesis of what is a supply chain manager needs to engage with on a day-to-day basis.
This paradoxical situation suggests that both the literature and presentations at
conferences, trade shows and information days, will need to re-market blockchain
technology to encourage adoption by supply chain professionals. Evidence of
disillusionment are surfacing as blockchain pilots stall, at least because of blockchain
immaturity (Leonard, May 2019).

One such way to engender stakeholders’ interest in order to keep them abreast of the
digital age, Querios (2018) referenced seminal studies in the area relating to ‘Perceived
Usefulness’ (PU) and ‘Perceived Ease-of-Use’ (PEOU). There is clearly an opportunity to
further understand how this approach may assist in this investigation’s primary research
question regarding the best way to consider how blockchain could be applied.

“A major barrier to large-scale implementation a block chain in the supply chain is
participation. Unlike finance insurance applications, in order to employ blockchain
technology to gain efficiency and transparency in supply chains, or players have to
cooperate” (Cosgrove, 2019). In this respect, this paper proposes a new term, the concept
of ‘Blockchainge Management’, derived from the merging of the words ‘Supply Chain’,
‘Blockchain” and ‘Change Management’ which will form pivotal role in any up-scaling of
blockchain solutions, just as Change Management does with most IT and Supply Chain
implementations. Both people and process mapping for both the ‘baseline’ and ‘to-be’
supply chain operations must be a major consideration when migrating from proof-of-
concept to industry-scale applications.

Trust in Blockchain
One key tenant of the advantages of blockchain is that it provides trust in an otherwise
trustless business environment. Notwithstanding this important issue, the study by
Querios (2018) highlighted that within the context of supply chain, trust has no effect on
behavioural intention to adopt the technology. Potentially therefore, this key selling point
for blockchain adoption is clearly not resounding with practitioners. It appears that the
focus towards showing how this IT platform can impact business via improving

3 Commonly used software application or technologies in supply chain management — NFC — Near Field Communication WMS
— Warehouse Management Systems, ERP — Enterprise Resource Planning, TMS — Transport Management Systems
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authenticating traded goods, lowering transaction costs and encouraging the sharing a
crucial data (Nowinski, 2017) is mandatory.

Authentication

Blockchain is an append-only database, meaning that once data is committed to the chain,
the process is irreversible. Consequently, collection procedures and associated monitoring
hardware (such as IoT, RFID, and temperature probes*) will present a key challenge in
developing means and rules for authentication (Nowinski, 2017). In addition, the quotes
“Data without meaning is useless” and "Remember, forge chains that have a meaning for
customers” (Montecchi, 2019), provide excellent reminders, when developing blockchain
solutions, to clearly understand what data points in the supply chain need to be recorded.
For example the sections on the chemical analysis of food (Galvez, 2018) and the
gemstone trade (Cartier, 2019) demonstrated how chemical analysis results could be
added to a blockchain to provide provenance confidence, and therefore significant
commercial benefit. It has been proposed that it would be beneficial for the discipline to
develop a “Universal Evaluation Model” (Galvez, 2018). The “Assurance Wheel of
Provenance Knowledge” suggested by (Montecchi, Plangger et al. 2019) as a new data
collection model designed to allow customers to determine what product data and
component ingredients are required to be collected. Similarly, for transaction records to
be useful, other supply chain management techniques of both life-cycle analysis (LCA) and
standardisation of key performance indicators (KPIs) are now being proposed (Rusinek,
2018). Hence, any scaling from a blockchain pilots to industry-deployment must the
thoroughly considered to avoid collecting irreversible data records.

CONCLUSION

It is important to note that while numerous references discuss block chain’s applicability
to supply chain management, there was a notable absence of any cost-to-serve modelling
which is a fundamental requirement before a supply chain will take on any new technology.
In short, any innovation in this discipline must be focussed towards cost reduction. It is
fundamental activity which cannot be overlooked both at the pilot stage and more
importantly prior to considering industrialisation of any solution. Clearly this represents
an avenue for further investigation.

Also there is evidence of a limited common understanding of the subtle differences
between provenance, traceability and transparency, and potentially how this impacts any
deployment strategy. The question of how well understood the supply chain management
discipline is within the burgeoning blockchain field also needs to be established. We are
asserting here that only when the nuances of the supply chain industry are well
understood, and key operational and business objectives are defined, should a blockchain
solution pilot commence. Without this step, it is anticipated it would be exceedingly
difficult to appropriately scale a pilot into an industrial-scale application.

It is clearly evident that a myriad of research opportunities exist for blockchain applications
in areas of; systems integration, technology adoption, alignment with supply chain model
and frameworks, cost-to-serve and return on investment analysis, change management,
authentication/certification and most importantly operational considerations.

4 RFID (Radio Frequency Identification) and temperature monitors, are hardware technologies used capture or store datum
points which when transferred or saved on the Internet are loosely grouped as the loT (Internet of Things).
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The initial hypothesis proposed is valid, in that, the migration of proof-of-concept to
scalable industry-wide applications will be difficult, if not impossible while the many
aforementioned complex areas remain unaddressed.
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Purpose

Blockchain technologies are expected to bring important changes to the supply chain
management (SCM) and logistics industries. This is mainly because of their high
transformational capabilities. However, extant literature is limited in the availability of
blockchain adoption and outcomes in the SCM. This study aims to bridge this knowledge
gap, develop a research model that investigates the relationship between blockchain
adoption and two organisational outcomes (job satisfaction and job performance) as well
as two inter-organisational outcomes (SCM transparency and blockchain benefits).

Design/methodology/approach

We developed a research model based on the diffusion of innovations, the Technology
Acceptance Model, the SCM and emerging literature on blockchain. The study was
validated using data collected from 738 supply chain professionals in India and the USA.
We analysed the model by means of structural equation modelling.

Findings

The findings identified major differences in behaviour in blockchain adoption, in job
outcomes, and in blockchain perceived benefits in the two countries. Additionally, this
study found that complexity and compatibility have a non significant effect on the
behavioural intention to adopt blockchain in both countries.

Value
This study is one of the first empirical investigations on blockchain adoption in supply chain
and its related benefits (e.g., job satisfaction, job performance, and supply chain benefits).

Research limitations/implications

With regards to the limitations of this study; scarcity of extant literature which impedes
reliable comparison tasks, low potential for generalising our findings as more
investigations are needed in other emerging and developed countries are some of the main
limitations.

Practical Contribution

Our study suggests that, managers need to consider job performance and job satisfaction
as mediators of blockchain adoption and perceived benefits, while integrating the
differences that may arise in this regard across countries. In addition, our findings suggest
that, in emerging economies like India, these relationships do not need any mediation,
which implies that perceived benefits are directly predicted by blockchain adoption.
Notwithstanding, in the USA, mediation is necessary, and managers should consider these
effects in their blockchain projects

INTRODUCTION

The unprecedented digital disruptions introduced in the Industry 4.0 era supported the
emergence of highly disruptive cutting-edge technologies (Liao et al. 2017; Pan et al.
2017). In this regard, blockchain is a paramount and disruptive technology that is already
provoking substantial changes in traditional business models. Since the introduction of
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blockchain technologies by Nakamoto (2008) in the cryptocurrency market, it has
remained a buzzword.

Very few studies have analysed the behaviour of supply chain professionals with regards
to blockchain adoption by considering and comparing perspectives from different countries
(Kamble, Gunasekaran, and Arha 2018). Consequently, there is still a gap in the
understanding of blockchain adoption and of organisational supply chain benefits. The
objective of this study is to minimise this gap, notably by shedding more light on the issue
while answering the following questions: What is the role of blockchain adoption among
supply chain professionals in different countries? What are the job outcomes and
organisational supply chain benefits provided by blockchain adoption? Is the adoption
behaviour the same across countries? To answer these questions, this study developed a
conceptual model combining well-known constructs from the Technology Acceptance
Model (TAM), the Diffusion of Innovations (DOI) theory, the emerging literature on
blockchain, and supply chain management. Supported by these classic studies (Rogers,
1983; Davis 1989; Venkatesh et al., 2003), we provided evidence showing the link
between blockchain adoption in supply chain, and its outcomes. Our findings identified
major differences in behaviour in blockchain adoption, in job outcomes and in blockchain
perceived benefits in the two countries. Additionally, this study found that complexity and
compatibility have a non significant effect on the behavioural intention to adopt blockchain
in both countries. These results bring important implications from managerial and
theoretical lenses.

THEORETICAL BACKGROUND AND RESEARCH MODEL

Diffusion of Innovation Theory and Technology Acceptance Models

The Diffusion of Innovation (DOI) theory (Rogers, 1983) defines innovation as ‘an idea,
practice, or object that is perceived as new by an individual or other unit of adoption’, and
diffusion as ‘the process by which an innovation is communicated through certain channels
over time among the members of a social system’. These definitions show that
communication is an essential tool through which new ideas are spread (Rogers, 1983).
The DOI consecrated five constructs that explain the innovations’ characteristics at the
individual level. Namely: relative advantage, compatibility, complexity, trialability, and
observability.

Regarding the Technology Acceptance Model (TAM), it was proposed by Davis (1989) as a
model to understand IT adoption behaviour, considering the individual level. TAM was
developed based on the Theory of Reasoned Action (TRA) (Azjen and Fishbein, 1980), with
a focus on the technology field. Concerning the TAM variables, two constructs are
responsible for understanding the intention to use, perceived ease of use (PEOU), and
perceived usefulness (PU). Furthermore, the TAM influenced and supported the
development of other robust IT adoption models (Venkatesh and Davis, 2000; Venkatesh
et al., 2003; Venkatesh, Thong and Xu, 2012). Figure 1 shows the proposed research
model derived from the extant literature concerning DOI, TAM, supply chain and the
emerging blockchain literature.

Constructs from DOI

Complexity

Complexity refers to ‘the degree to which an innovation is perceived as relatively difficult
to understand and use’ (Rogers 1983). In addition, complexity works as an obstacle for
the implementation of innovations (Y. M. Wang, Wang, and Yang 2010; Michaelides et al.
2013), while increasing the workload of the workers (Rajan and Baral 2015). According to
Rogers (1983), complexity and the adoption rate are negatively related. This leads us to
formulate the following hypothesis:

H1: Complexity negatively affects the behavioural intention to adopt blockchain.

Compatibility

Compatibility refers to ‘the degree to which an innovation is perceived as consistent with
the existing values, past experiences, and needs of potential adopters’ (Rogers 1983). In
other words, compatibility is related to the organisation's practices, considering the fact
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that they integrate new IT systems to their current systems and work practices (Hung,
Tsai, and Chuang 2014). Also, there is an interesting debate about inter-organisational
relationships and knowledge management (Chong et al. 2013). In this study, compatibility
reflects the level of integration of blockchain into the organisations’ current IT systems
and its impact on workers’ style and preference. Hence, this study proposes the following
hypothesis:

H2: Compatibility positively affects the behavioural intention to adopt blockchain.

Relative Advantage

Relative advantage refers to ‘the degree to which an innovation is perceived as being
better than the idea it supersedes’ (Rogers 1983). In this context, organisations need to
understand and consider the advantages obtained from technology adoption (Y. M. Wang,
Wang, and Yang 2010). Thus, firms that perceive higher relative advantages in blockchain
technology are more willing to adopt it. Therefore, this study proposes the following
hypothesis:

H3: Relative advantage positively affects the behavioural intention to adopt blockchain.

Constructs from TAM

Perceived Ease of Use and Perceived Usefulness

PEOU refers to ‘the degree to which a person believes that using a particular system would
be free of effort’ (Davis 1989), and PU refers to ‘the degree to which a person believes
that using a particular system would enhance his or her job performance’ (Davis 1989).
Recently, Kamble, Gunasekaran, and Arha (2018) approached these constructs in order
to understand the blockchain adoption in the Indian supply chain context. In line with
previous studies (Kamble, Gunasekaran, and Arha 2018) and (Miao, Wu et al. 2017), this
work considers PEOU as a predictor of the PU. In addition, attitudes towards a system
predict the intention to use it (Kamble, Gunasekaran, and Arha 2018).Thus, we propose
the following hypotheses:

H4: PEOU positively affects the behavioural intention to adopt blockchain.

H5: PEOU positively affects PU.

H6: PU positively affects the behavioural intention to adopt blockchain.

H7: Behavioural intention to adopt blockchain positively affects adoption.

Blockchain and Supply Chain Outcomes Constructs

Blockchain benefits, Job Performance, and Job Satisfaction

Blockchain perceived benefits refer to the degree to which the organisation perceives
blockchain as yielding benefits. Perceived benefits can enhance the supply chain in order
to provide more improved products and services (Lin 2014; Ranganathan, Teo, and
Dhaliwal 2011). The integration of blockchain to supply chain is known to give rise to a
number of significant benefits and improvements. Enhancements include cooperation
(Aste, Tasca, and Di Matteo 2017), security (Kshetri 2018; Tian 2017), transparency
(Kshetri 2018), and product traceability (R. Y. Chen 2018; Lu and Xu 2017; Biswas,
Muthukkumarasamy, and Tan 2017), among others. On the other hand, job performance
outcomes refer to the successful use of technology in worker related activities, including
efficiency. In the context of blockchain and supply chain, job performance can be enriched
by the elimination of intermediary processes (Kim and Laskowski 2017) and the reliability
and security of information sharing (Tian 2017) across the supply chain. Similarly, the
characteristics of job satisfaction can change at the technology implementation phase
(Bala and Venkatesh 2013), that is, job demands and control tend to be remodelled.
Consequently, job satisfaction among workers can change considerably, and cutting-edge
technologies can play a role in improving job satisfaction (Zhong et al. 2017). Thus,
blockchain in supply chain can remodel entire supply chain activities (Kshetri 2018), and
workers’ satisfaction with their jobs. Therefore, we propose the following hypotheses:
H8: Adoption positively affects blockchain benefits.

H9: Adoption positively affects job performance.

H10: Adoption positively affects job satisfaction.

H11: Job satisfaction positively affects blockchain benefits.
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H12: Job satisfaction positively affects job performance.
H13: Job performance positively affects blockchain benefits.
H14: Blockchain benefits positively affect supply chain transparency.

Mediators

Previous studies highlighting the relationship between job satisfaction and job performance
as mediators are scarce. To the best of our knowledge, the emerging literature on
blockchain has not yet considered this level of mediation. On the other hand, Sang et al.
(2012) studied the implementation of green supply chain management practices and
organisation performance; taking in to consideration job satisfaction and operational
efficiency as mediators in business performance. The results were highly supported,
indicating the power of the indirect effect of these variables on organisations’ performance.
As a result, we propose the following hypotheses:

H15: Job performance, as a mediator, influences the relationship between blockchain
adoption and blockchain’s perceived benefits.

H16: Job satisfaction, as a mediator, influences the relationship between blockchain
adoption and blockchain’s perceived benefits.
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Job
/@ NGl
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H*’(*)/H-.\/ HS()

HI12(+)

Job H13(+)
performance

Figure 1. Research model

;

Relative
advantage

Technology acceptance model

Blo
henefits

H9(+)

Perceived ease
of use

HS5(+)

Supply chain
transparency

Perceived
usefulness

Data Collection and Samples

We collected data through a leading market research firm in different industries from
supply chain professionals in India and the USA. The survey instrument was developed for
the items validated from extant literature (Y. M. Wang, Wang, and Yang 2010; Rajan and
Baral 2015; Hung, Tsai, and Chuang 2014; Davis 1989; Aloysius et al. 2016; Huang, Liu,
and Chang 2012; Kamble, Gunasekaran, and Arha 2018; Lin 2014; Ranganathan, Teo,
and Dhaliwal 2011; Bala and Venkatesh 2013). The scales were measured by a 7-point
Likert Scale ranging from 1 (strongly disagree) to 7 (strongly agree). We received 344
(241 males and 103 females) and 394 (285 males and 109 females) valid questionnaires
from India and the USA respectively. Regarding the demographic profiles of the
participants, it is interesting to point out that the gender responses from both countries
are similar. In India (70.1% of males and 29.9% of females) and in the USA (72.3% of
males and 27.7% of females).

RESULTS AND DISCUSSION

Reliability Tests

We assessed the reliability of the questionnaire by means of the Cronbach’s Alpha and
composite reliability. All values reported in Table 1 were higher than the threshold of 0.70
acknowledged by literature (Nunnally 1978; Hair Jr. et al. 2017). Therefore, the
measurement of all constructs confirmed their reliability. We performed a factor analysis
test for each country. In line with the literature (Hair et al. 2017), all values were higher
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than the threshold of 0.70 (Hair et al. 2017). In addition, the average variance extracted
(AVE) for each construct was higher than the 0.50 threshold (Y. S. Wang, Yeh, and Liao
2013; Q. Wang et al. 2016). In other words, when the value outperforms 0.50, it means
that the construct explains more than half of the indicators’ variance (Hair et al. 2017).
Moreover, the discriminant validity was measured to identify if the constructs are distinct
from the others (Fornell and Lacker 1981). Thus, the AVE square root for each construct
has to be greater than the correlations between the construct and all other constructs
(Fornell and Lacker 1981).

Variable Loadings CA CR AVE
Construct . ~ - ~
Label India USA India USA India USA India USA
BADOP BADOP1 0.849 0.883 0.821 0.887 0.894 0.930 0.737 0.816
BADOP2 0.873 0.914
BADOP3 0.853 0.913
BINT BINT1 0.878 0.930 0.840 0.921 0.904 0.950 0.758 0.863
BINT2 0.878 0.931
BINT3 0.856 0.927
COMP COMP1 0.855 0.891 0.830 0.882 0.898 0.927 0.746 0.809
COMP2 0.867 0.914
COMP3 0.869 0.895
CPLX CPLX1 0.883 0.889 0.844 0.873 0.906 0.922 0.763 0.798
CPLX2 0.877 0.891
CPLX3 0.859 0.898
JPERF JPERF1 0.854 0.906 0.818 0.895 0.892 0.934 0.733 0.826
JPERF2 0.860 0.905
JPERF3 0.854 0.915
JSAT JSAT1 0.877 0.925 0.849 0.915 0.909 0.946 0.768 0.855
JSAT2 0.867 0.915
JSAT3 0.885 0.934
PBENF PBENF1 0.790 0.877 0.837 0.898 0.891 0.929 0.671 0.765
PBENF2 0.818 0.886
PBENF3 0.853 0.887
PBENF4 0.816 0.848
PEOU PEOU1 0.849 0.868 0.853 0.907 0.901 0.935 0.694 0.782
PEOU2 0.836 0.893
PEOU3 0.825 0.888
PEOU4 0.822 0.886
PU PU1 0.823 0.888 0.847 0.907 0.897 0.935 0.686 0.782
PU2 0.815 0.892
PU3 0.861 0.873
PU4 0.813 0.884
RAVAD RAVAD1 0.803 0.851 0.860 0.906 0.899 0.930 0.642 0.727
RAVAD2 0.777 0.863
RAVAD3 0.852 0.863
RAVAD4 0.786 0.854
RAVAD5S 0.785 0.833

SCTRAN SCTRAN1 0.812 0.852 0.865 0.917 0.902 0.938 0.649 0.751
SCTRAN2 0.797 0.876
SCTRAN3 0.787 0.882
SCTRAN4 0.821 0.867
SCTRANS 0.809 0.855

Table 1: Reliability and validity tests

Note: CA = Cronbach's Alpha; CR = Composite Reliability. BADOP = Blockchain adoption;
BINT = Blockchain intention to adopt; COMP = Compatibility; CPLX = Complexity; JPERF
= Job performance; JSAT = Job satisfaction; PBENF = Blockchain perceived benefits; PEOU
= Perceived ease of use; PU = Perceived usefulness; RAVAD = Relative advantage;
SCTRAN = Supply chain transparency.
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Hierarchical Regression Analysis

Our proposed model combined DOI, TAM, blockchain and supply chain outcomes to explain
55.1% of variation in blockchain adoption in India and 59.5% in the USA. These results
are in line with a recent blockchain adoption study (Kamble, Gunasekaran, and Arha
2018), the results of which achieved 68.7% of variance in the behavioural intention to use
blockchain. In addition, the independent constructs explained 59.5% of variance in the
blockchain perceived benefits, and 45.5% of variance in supply chain transparency in
India, and 60.4% and 56.4% for the same in the USA. Therefore, the organisational and
supply chain outcomes were satisfactorily explained by the independent variables.

Structural Equation Model

We employed the SmartPLS software (Ringle, Christian M., Wende, Sven, & Becker 2015)
to test all hypotheses of the model. Table 2 presents the results of the test for data from
India and the USA.

H Path India : _U.S. India u.S. India : US India u.S.
Coefficient SD t statistics p values

H1 CPLX -> BINT 0.063 0.074 0.043 0.059 1.376 1.243 0.169 0.214
H2 COMP -> BINT 0.091 0.185 0.077 0.096 1.119 1.909 0.263 0.056
H3 RAVAD -> BINT 0.265 0.339 0.061 0.117 4.348 2.827 0.000 0.005
H4 PEOU -> BINT 0.285 0.328 0.074 0.108 3.934 3.110 0.000 0.002
H5 PEOU -> PU 0.761 0.801 0.032 0.028 23.985 28.641 0.000 0.000
H6 PU -> BINT 0.164 -0.092 0.078 0.103 2.132 0.878 0.033 0.380
H7 BINT -> BADOP 0.671 0.691 0.043 0.039 15.663 17.745 0.000 0.000
H8 BADOP -> PBENF 0.380 0.308 0.070 0.077 5.479 4.036 0.000 0.000
H9 BADOP -> JPERF 0.429 0.61 0.080 0.051 5.345 11.985 0.000 0.000
H10 BADOP -> JSAT 0.659 0.587 0.041 0.042 15.827 14.044 0.000 0.000
H11 JSAT -> PBENF 0.208 0.183 0.075 0.054 2.780 3.368 0.005 0.001
H12 JSAT -> JPERF 0.335 0.116 0.073 0.061 4.551 1.900 0.000 0.058
H13 JPERF -> PBENF 0.295 0.411 0.077 0.073 3.749 5.594 0.000 0.000
H14 PBENF -> SCTRAN 0.679 0.754 0.036 0.031 18.722 24.017 0.000 0.000

Table 2: Statistics for path coeficients

Mediation Analysis

A mediation analysis was performed according to previous literature (Hair Jr. et al. 2017).
For instance, neither H15 nor H16 were supported in the Indian context, which means that
JPERF does not mediate the relation between BADOP and PBENF (B = 0.257, p = 0.067),
and that JSAT does not produce any effect on mediation between BADOP and PBENF (B =
0.102, p = 0.326) in India. And on the contrary, all mediation effects were valid in the
USA, meaning that JPERF mediates the relation between BADOP and PBENF (B = 0.345, p
= 0.000) and that JSAT mediates BADOP and PBENF (B = 0.109, p = 0.016) in the
American context.

IMPLICATIONS AND CONCLUSION

In line with previous relevant literature (Q. Wang et al. 2016; Kamble, Gunasekaran, and
Arha 2018), our proposed model explained 55.1% and 59.5% of the variation in blockchain
adoption in India and the USA respectively. Also, the organisational supply chain outcomes
were explained in terms of variation at 59.5% and 60.4% for blockchain perceived benefits
in India and the USA, and at 45.5% and 56.7% for supply chain transparency for the same
countries. Thus, the validated model, and consequently our study, brings considerable
contributions to theory and practice. The results of tis study can unlock essential insights
for scholars and practitioners interested in advancing research on our robust model,
whether in blockchain contexts or in other adoption technology areas, considering the
organisational outcomes.
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Contrary to what we were expecting from the negative effect of complexity (H1) on the
behavioural intention to adopt blockchain, this hypothesis was rejected for the two
countries under study. In other words, complexity is not a good predictor of the BINT,
which contradicts the findings of other studies in technology adoption (Y. M. Wang, Wang,
and Yang 2010; Lean et al. 2009). Also, compatibility was not found to be a significant
predictor of the BINT, which is consistent with previous studies (Lean et al. 2009).

Our findings showed that the relative advantage (H3) and the perceived ease of use (H4)
were good predictors of the behavioural intention to adopt blockchain in both countries.
These results are in line with recent literature on technology adoption (Q. Wang et al.
2016). In the same way, hypotheses H7, H8, H9, H10, H11, H13 and H14 were
supported.This means the following: (i) behavioural intention exerts positive effect on
blockchain adoption (H7); (ii) blockchain adoption has a positive effect on blockchain
perceived benefits (H8); (iii) blockchain adoption exerts a positive effect on job
performance (H9); (iv) blockchain adoption has a positive effect on job satisfaction (H10);
(v) job satisfaction is a good predictor of blockchain perceived benefits (H11); (vi) job
performance exerts a positive effect on blockchain perceived benefits (H13); and (vii)
blockchain perceived benefits performs positive effect on supply chain transparency. These
results strongly contribute to advancing literature and serving as a reliable benchmark for
other studies on blockchain adoption and supply chain benefits in emerging and developed
countries.

Concerning the implications for practice, it should be recalled that managers need to
consider job performance and job satisfaction as mediators of blockchain adoption and
perceived benefits, while integrating the differences that may arise in this regard across
countries. Our findings suggest that in emerging economies like India, these relationships
do not need any mediation, which implies that perceived benefits are directly predicted by
blockchain adoption. Notwithstanding, in the USA, mediation is necessary, and managers
should consider these effects in their blockchain projects. From a theoretical point of view,
there is a need to investigate these effects in other countries thoroughly. With regard to
the limitations of this study, the main ones are the scarcity of extant literature, which
impedes any reliable comparison task; and a low potential for generalising our findings,
as more investigations are needed in other emerging and developed countries. Finally, our
proposed model and the findings obtained appear as an important contribution to
literature.
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Purpose

The Chinese e-commerce market is the biggest and fastest-growing in the world. Though
China’s internet penetration is only 53% (2016 figure), close to 16% of all retail sales in
China were from e-commerce, compared with UK (14.5%), US (7.1%) and South Korea
(11.2%), all of which have internet penetration exceeding 85%. More significantly, the
ecommerce market of China, already home to two of the world’s most-noted online
retailers - TMALL and Jingdong (also known as JD.Com) - is driven by the ubiquitous smart
phones.

Despite the significance of Chinese e-commerce, the majority of the e-commerce fulfilment
publications have been based on the experiences of companies in the western developed
economies. The operational practices of China’s e-commerce giants have not been
systematically documented, though there are no shortages of news clips, promotional
videos and online materials about different aspects of China’s e-commerce successes. This
study reviews the operational processes of Jingdong, examining how it organizes its
logistical processes to meet the large volumes of online consumer orders with delivery
speed and accuracy, to the satisfaction of its customers. Its objective is to build a theory
of ecommerce fulfilment, a logistical phenomenon fast becoming a supply chain norm as
Industry 4.0 takes hold.

Design/methodology/approach

Relying exclusively on secondary data sourced from the internet, this paper systematically
pieces together the vast array of fragmented information on the Chinese ecommerce giant,
Jingdong, to form a process model of ecommerce order fulfilment based on the company’s
logistical operations. Given the paucity of academic studies on Chinese ecommerce
practices, in particular Jingdong’s, this study will adopt an inductive grounded theory
approach to develop research propositions.

Findings

The study found that Jingdong’s success in the Chinese ecommerce market is the outcome
of a tightly-woven network of online-offline operations geared to satisfying the logistical
needs of individual customers. Jingdong is not only quick in embracing the latest in
technological innovations but also invests in research and innovations in ecommerce
fulfilment operations. Its order fulfilment processes feature an efficiently orchestrated,
centrally monitored, locally-controlled robotic systems strategically blended with human
intervention at critical articulation points. Leveraging on customer analytics to
continuously refine its last-mile delivery operations, the company places undue emphasis
on offering an unparallel, uniquely individualized, purchase-receiving, as opposed to
product-delivery, experience to all customers.

Value

The Jingdong’s ecommerce model, as demonstrated by many of its promotional videos,
has been an eye-opener to the logistics and supply chain community, in both academia
and professional practice. This paper offers an incisive synthesis on these well-illustrated
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operational information to identify the theoretical underpinnings of Jingdong’s ecommerce
order fulfilment practice.

Research limitations/implications

This study contributes to the growing literature on ecommerce order fulfilment within an
Industry 4.0 ecosystem driven by mobile phones in a country that is setting the pace, and
norm, for future retailing. Understanding the processes put in place by one of its
ecommerce giants to meet the evolving challenges of this new ecosystem offers refreshing
insights for theory development.

A major limitation of this study is that it is drawn exclusively from secondary data sources.
Future studies would benefit from an ethnographic investigation of Jingdong’s ecommerce
order fulfilment process.

Practical Contribution

Jingdong’s ecommerce order fulfilment operations are in a class of their own. With China
taking the lead in propelling ecommerce (or more appropriately m-commerce) to the next
level of social shopping in an Industry 4.0 ecosystem, findings from this study could
provide an insightful aid not only to budding ecommerce entities worldwide but also to
companies eyeing a piece of the lucrative Chinese m-commerce market.
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Purpose

It is obvious that industrial data has increased on a large scale over the last two decades,
manufacturing is entering the era of industrial big data and big data-driven intelligent
manufacturing. While Internet of Things (IoT) data would be indispensable part of
industrial big data in intelligent manufacturing supply chain [1]. The aim of this study is
to review the state-of-the-art of IoT big data in intelligent manufacturing both from
theoretical and practical perspectives to explore opportunities and challenges of extraction
of big data value. Firstly, we briefly provide an overview of big data of IoT in intelligent
manufacturing. Then, we highlight the importance of utilization of IoT big data in intelligent
manufacturing supply chain. The issue of value-adding of big data of IoT is proposed.
Secondly, we discuss some opportunities and challenges on big data of IoT in intelligent
manufacturing. Thirdly, we explore how manufacturing enterprises behave to improve the
level of intelligent manufacturing in terms of extracting the value of big data of IoT.

Design/methodology/approach

In this study, we integrate the content analysis method and in-depth interview together.
More precisely, based on content analysis, we firstly conduct a comprehensive literature
review on IoT big data in intelligent manufacturing supply chain. Then, we make in-depth
interviews with different manufacturing enterprises. Through exploring the gaps between
the actual problem facing by manufacturing enterprises and the theoretical study, we
discuss the opportunities and challenges on the extraction of big data value in intelligent
manufacturing.

Findings

In this study, we can understand the gaps between theoretical research and practical
application in the utilization and valuation of industrial IoT big data. We identified key
opportunities, challenges and knowledge gaps. Some suggestions are given to improve
the intelligent level of manufacturing in terms of utilization of IoT big data.

Value

Industrial big data is an important strategic resource for the transformation and upgrading
of manufacturing industry [2]. While IoT would be the new and fastest-growing sources of
industrial big data [3]. Therefore, the utilization of IoT big data, in particular big data
valuation would be the key in implementing intelligent manufacturing supply chain. The
results of this study will provide some suggestions from the practical and theoretical
perspectives. For instance, some measurements should be done for manufacturing
enterprises to enhance the application of IoT and the big data analytics. In addition, the
requirement of specific techniques, tools and methods to improve the extraction of value
of IoT big data is given.
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Abstract

Purpose of this paper: This paper describes a Multi-criteria Key Opinion Leader Selection
(MKOLS) model for digital marketing in the Business to Consumer (B2C) e-commerce
business. It aims at selecting an appropriate Key Opinion Leader (KOL) in supply chain to
target different customer segmentations based on branding position and product feature.
Design: The MKOLS model makes use of the data collected from the social media platform
and e-commerce business environment for decision making in the KOL selection problem.
A hybrid approach with decision tree analysis and fuzzy analytic hierarchy process (FAHP)
is introduced for multi-criteria decision making. Due to the limitation of FAHP in handling
a large number of decision alternatives, decision tree analysis is integrated into the model
for classifying KOLs into different groups before pairwise comparisons.

Findings: To demonstrate the feasibility of the proposed model, a case study is conducted
in an American-brand headphone company. The tailor made MKOLS model helps to
facilitate the KOL selection process so as to target young consumers in the online supply
chain e-commerce platform.

Value: In the era of digitalization, supply chain planners face tremendous challenges in
transforming their operation strategies through e-platform. Traditional marketing
strategies are no longer able to attract the young generation effectively via television,
print and broadcasting media. Adopting inappropriate promotion strategies will waste
company resources due to the lack of a suitable platform to connect with young customers,
and will narrow the target market. Therefore, choosing appropriate communication
channel, i.e. KOL, for catching young peoples’ attention is critical. This paper contributes
to a practical approach for identifying KOL for digital marketing, which is an emerging
trend in today’s e-commerce market.

1. INTRODUCTION
In recent years, there has been increasing use of social media platforms to attract potential
customers in the Business to Consumer (B2C) e-commerce environment. This scenario
generates a challenge for supply chain planners to upgrade and transform their marketing
strategies via digital exposure to reach the public, especially for the young generation of
users who are familiar with internet services and digital activities (Killian and McManus,
2015). While the usage rate of the Internet is increasing and covers most of the age group,
it is beneficial for the development of digital marketing in the supply chain. Digital
marketing can be classified into online and offline channels. Traditional marketing via
television and broadcasting media belongs to offline channels, while online digital
marketing via websites, social media, mobile and search engine optimization, is a recent
trend in promotion (Kolter et al., 2016). Differing from traditional offline marketing
strategies, promotion on the Internet provides direct interaction with the target customers.
Facing diverse social media platforms, choosing an appropriate communication
channel, the Key Opinion Leader (KOL), for catching public attention, is critical. KOLs
usually define themselves as experts in specific areas. They have developed a strong social
network with a wide range of audiences and followers, who are willing to listen to their
advice and recommendations, in social media platforms. In order to maintain a high
popularity, KOLs are always active on social media and blogs, and interact with their
followers frequently. Political figures, columnists and social media celebrities are examples
of KOLs (Weeks et al., 2017). However, KOLs are usually not well-known to the public.
Without a systematic approach for considering multi-criteria in decision making, it is
challenging to select an appropriate KOL suitable to the companies or the products. In
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addition, companies usually have specific requirements in targeting different customer
segmentations, based on the branding position and product features. A large number of
choices of KOLs makes it difficult to choose the right one. Therefore, in this paper, a multi-
criteria KOL identification (MKOLS) model is proposed to select a suitable KOL for
promotion in the e-commerce supply chain. This paper is organized as follows. Section 2
covers the past literature related to digital marketing in the e-commerce supply chain,
KOL selection, and decision making approaches in classification and multi-criteria analysis.
Section 3 presents the design of the MKOLS model. Section 4 presents a case study to
illustrate how the proposed model works, followed by the results and discussion in Section
5. Finally, the conclusions are drawn in Section 6.

2. LITERATURE REVIEW

With the fast advance in information technology, B2C e-commerce retailing is the trend in
today’s supply chain management. Instead of focusing on operations planning, the e-
commerce environment brings new attention in exploring business opportunities in the
downstream supply chain through online platforms. In the era of digitalization, customer
behaviour changes, which increases the difficulties in fulfilling their expectations and
demands. Customers can search for relevant product information on the web, compare
different products based on peer review comments, and then place an order at either the
online shop or physical store. At the same time, the marketing strategy has to be upgraded
from offline channels to digital marketing in order to link customers in an effective way.
According to Godey et al. (2016), a successful marketing strategy can outperform
competitors in terms of profit making and brand image establishment. By connecting
companies and potential customers, the social media network provides a platform to
promote products and services in an informal and interactive environment.

Making use of KOL in the e-commerce supply chain is an up-to-date marketing strategy
for attracting people who always use social media. According to Bamakan et al. (2018),
opinion leaders are the information providers who have knowledge in a particular product
domain. They are willing to communicate and have the ability to influence others. KOL
selection is a crucial activity which affects the success of the promotion strategy. In order
to identify a KOL, Li et al. (2013) considered the expertise, novelty, influence, and activity
of KOLs. Aghdam and Navimipour (2016) evaluated the trust value between the opinion
leaders and their followers. Later, Jain and Katarya (2019) identified opinion leaders in
online social networks, both global and local communities. However, it was found that
most attention was paid in identifying opinion leaders. Limited research focused on how
to select a suitable KOL for achieving the ultimate target.

With the ability to consider multiple criteria at the same time, the fuzzy multiple criteria
decision-making (MCDM) approach provides a systematic flow to solve the e-commerce
problems in selecting the most suitable KOL. It is commonly used to solve complex real
world problems, and explicitly evaluate multiple and conflicting criteria for alternative
approaches (Gavade, 2014). Fuzzy Analytical Hierarchy Process (FAHP), a fuzzy MCDM
approach, is the extension of AHP which deals with the fuzziness of data in decision
making. Wang et al. (2012) addressed the inadequacy of pure quantitative decision
making process using the traditional AHP, and stated that the application of fuzzy logic is
useful in tackling the situation when the criteria are qualitative and difficult to quantify.
Although FAHP is able to convert the input from linguistic judgement for determining the
alternatives based on multiple criteria, the major drawback is the long computational time
in the evaluation process. The pair-wise comparison process become huge if the number
of alternatives increases. Therefore, in order to reduce the complexity, decision tree
analysis is proposed to first classify the alternatives into groups before pair-wise
comparisons. Decision tree analysis is widely used in classification and describes
sequences of interrelated decisions. From the marketing and promotion perspective, a
company can make use of decision tree analysis for making direct marketing decisions, or
selecting effective strategies (Karim and Rahman, 2013). According to Min et al. (2011),
decision tree analysis is a promising tool in attribute reduction which enables the
categorization of customers into pre-defined groups with similar behaviour patterns in the
form of tree structure. Therefore, by integrating decision tree analysis with FAHP, it
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enables consideration of multiple criteria in decision making, while the efficiency of the
computational process can be increased. Hence, this study contributes to a practical
approach for identifying KOL for digital marketing which is an emerging trend in today’s
e-commerce market.

3. DESIGN OF THE MULTI-CRITERIA KEY OPINION LEADER SELECTION MODEL
In order to select the most appropriate KOL for promotion in the e-commerce business, a
Multi-criteria Key Opinion Leader Selection (MKOLS) model is presented in this section.
The design of the MKOLS model is shown in Fig. 1, and consists of three modules: data
collection, decision analysis for classification, and multi-criteria KOL selection.

Data Collection Decision Tree Analysis for Classification Multi-Criteria KOL Selection

Data Preparation ( End )
Entropy Calculation Rearrange the alternatives in
Information Gain
Calculation

Gain-Ratio Calculation

Construct the hierarchy
structure of the fuzzy AHP

Construct the fuzzy AHP
Evaluation and Validation of comparison mafrix

the Decision Tree

descending order

Calculate the value of fuzzy

Multiply the normalized
synthetic extent ?

value of criteria, sub-criteria
and alternativs

Decision Tree Development

Caleulate the degree of
possibility

Yes

Tnish pair-wise
comparison?

Calculate the normalized
weight

Node with any
Attribute for
lassification?

Selection of the Attribute
with Maximum Gain Ratio

E-Commerce Supply Chain

Fig. 1. Design of the Multi-criteria Key Opinion Leader Selection (MKOLS) model

3.1 Data Collection

In this module, data related to the background of KOL and social media platforms are
collected. Currently, social media platforms such as Facebook, Instragram, Youtube and
Twitter are widely used on the Internet. By using these platforms, KOL can share the
updated news via text or video, and communicate with their followers through live
broadcasting. Therefore, data such as the number of followers of each KOL, the number
of views in live broadcasting, the number of responses of each post shared by the KOL,
can be collected for analysis. In addition, interviews and site visits to the case company
are required to understand the requirements and in defining the criteria of KOL selection.

3.2 Decision Tree Analysis for Classification

After identifying a set of KOLs, decision tree analysis is conducted in classifying them into

different groups, based on their characteristics. The decision tree is a common data mining

technique in decision making. In this study, the J48 decision tree is used, which consists
of four basic steps.

() Identify the attributes (S) and the total number of samples (P) for each attribute.
There are m class labels: Ci, Cz,...,Cm and each class has Pi samples where 1< i
<m. Count the number of samples in each class for data preparation before
calculation.

(i) Calculate the entropy to reflect the model’s degree of chaos. The entropy of S
relative to each attribute classification is calculated using (1).

E(S) = X, — 2 log, > (1)

(iii) Calculate the information gain using (2). The information gain of each attribute is
used to measure the effectiveness of attribute classification. V(A) is the set of all
possible values that each attribute may take. S;is a subset of S where attribute A
takes its /™ value. The step is repeated for each attribute.

G(S,4) = E(S) = Tievia 1y E(S) (2)

(iv)  After calculating all the information gains of the attributes, the attributes with the
highest information gain is selected as the most favourable attribute (root node),
and branches are created according to its possible values. The nodes of the decision
tree refer to various attributes of the data, while the branches between the nodes
represent the possible values of each feature.
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After implementing the above steps, the derived model is represented in a tree structure.
It can be easily converted into rules for classification. The classification accuracy can be
evaluated by the fact data and the percentage of tuples in the correct levels. Therefore,
the company can assign a class label to new KOLs according to the derived decision tree.

3.3 Multi-Criteria KOL Selection

In this module, an extent analysis method on FAHP is used for KOL selection. It is able to

consider multi-criteria which allows the manager to compare each KOL based on a number

of criteria before making a decision. Six steps are included for KOL selection,

(i) Construct the fuzzy AHP hierarchy to decide how KOLs are evaluated. The alternatives,
criteria and/or sub-criteria are identified in the form of a hierarchy structure to achieve
the goal of KOL selection.

(ii) Prepare the fuzzy AHP pair-wise comparison matrix. After developing the hierarchy, a
comparison matrix is constructed by comparing the importance of each criteria with
respect to the goal. A questionnaire is designed for the interviewee to compare the
importance of the criteria (Ci). Since the response given by the interviewee in KOL
selection consists of vague values, a set of triangular fuzzy numbers N in terms of the
lower bound (/iix), most possible number (mj«x) and upper bound (uix) are used for
representing the /" and j® criteria of the k " respondent. After the questionnaires are
collected, a t x t pair-wise comparison matrix is constructed. Table 1 shows the pair-
wise comparison results for t criteria with k responses. An average value of the
responses from k decision makers are used as an input for KOL selection.

Table 1. Pair-wise Comparison Results for t Criteria with K Responses

C: C> Ct
C: (1,1,1) K™! (Z l12krzm12krzulzk> K™ <Z l1tk:Z mltkrz ultk)
kEK keEK keEK kEK kEK kEK
C | K™ <Z u12k_1:zm1zk_lpzl1zk_1> (1,1,1) .| KT (Z thermZtkvz u2tk>
kex kex kek kek kek kek
C | K (Z ultk_l,Zmuk_l,z lltk_1> K™ (Z uztk_ermZtk_er lztk_1> (1,1,1)
Kek kek Kek kek kek kek

(iii) Calculate the value of fuzzy synthetic extent Sl-h for criteria i in the ht™ level of hierarchy
using (3).
Sih = th=1NiE ® (Zit=1 th=1 Niﬁ . (3)
(iv)Calculate the degree of possibility (P). With the fuzzy synthetic extent values, the
degree of possibility of one criteria over another,s; = (I;, m;, w) = S; = (|;, mj, u;) is
calculated using (4). The minimum degree of possibility of S; over S; for each element
Ci, where i # j, is then calculated using (5).

1 m; > m]-

P(Si = Sj) B (mi—up-(m;j=-1jz) mp S myu; 2 l] LF] (4)
0 Otherwise

d(C) =minP(S; = S;) Vj, i+ (5)

(v) Calculate the normalized weight of each element in the k™ level of the hierarchy using
(6). The steps iii to v are repeated for all sub-criteria and decision alternatives.

w(ck) = d(ck) x (T, d(ck) ™) (6)
(vi)Rank the decision alternatives based on their priority weight. The normalized weight
vectors of criteria, sub-criteria, and alternatives are multiplied with each other to

obtain the priority weight of all decision alternatives. The KOL with the largest priority
weight will be selected.

4. CASE STUDY

To demonstrate the feasibility of the proposed model, a case study is conducted in an
American-brand headphone company, which manufactures and sells professional
headphones to their customers, with good sound quality and an attractive outlook. As a
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fashionable headphone, the headphone design of the case company is stylish and elegant,
using Italian design concepts, which can attract customers who have high regard for the
headphone’s outlook. The company also offers tailor-made decoration pieces for customers
who wish to own a unique headphone. Since it is noticed that the e-commerce market is
growing rapidly and the sales from the online platform keep increasing, the case company
has also started to plan for promotion in the e-commerce platform. Therefore, a pilot study
is conducted to illustrate how the MKOLS model is applied.

4.1 Decision Tree Analysis for Classification

In this step, the decision tree approach was used to classify KOLs into seven types based
on three categorical attributes. They are target customers, recognition and brand level.
Target customers refer to the specific age-group of followers that the KOL focuses on.
Recognition determines whether the KOL is well-known internationally. If the KOLs are
active and famous all over the world, they are classified as having international
recognition. On the other hand, the KOLs are defined as local if they are only active in
their own country or region. Brand level is defined depending on their value. Depending
on the data attribute value of each KOL, the decision tree analysis is conducted using
software WEKA. The attribute having the largest gain ratio among all the attributes is
selected as the node attribute in the ultimate decision tree. With 10-fold cross validation,
the dataset is divided into 10 pieces, and each is held out in turn for testing, with the
remainder for training. It can reduce the variance of the estimate. From the result, the
correct classification is higher than 90%, which indicates that the result is acceptable. Fig.
2 shows the decision tree for KOL classification. By comparing the gain ratio for the
attributes, the target customer has the highest gain ratio, and hence is selected as the
first split in the construction of the decision tree. Three branches, i.e. all, middle-aged and
young, are created by the split. As shown in the figure, KOLs with middle-aged target
customers belong to Group 1. For KOLs targeting all customers, they can be further divided
into four groups, i.e. Group 2 to Group 5, based on their recognition and brand level. In
targeting young customers only, the KOLs who have local or international recognition
would be classified into Group 6 or Group 7 respectively. Based on the promotion needs
of the newly launched headphone, the manager can go through the decision tree and
select a group of potential KOLs for marketing purpose.

Target Customers
Middle-aged oung,

All

Local International Local International

Comige) [CGpT)

High Low High Low

[ Group2 ][ Group3 ][ Group4 |[ Group35 ]
Fig. 2. Decision tree analysis for classifying KOL into groups

4.2 Multi-Criteria KOL Selection

After selecting a group of potential KOLs, multi-criteria analysis is conducted to select the
most suitable KOL for promotion. Fig. 3 shows the hierarchy structure for KOL selection in
the e-commerce business. It consists of four levels: goal, criteria, sub-criteria and decision
alternatives. The goal is defined as KOL selection, which is to select an appropriate KOL
for new product promotion. Five criteria are defined in Level 2, Popularity (Ci1), Influence
(C2), Social Media Management (Cz), Personality (Cs4) and Cost (Cs). Except Cost (Cs), sub-
criteria are further identified in the hierarchy structure for KOL selection.
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Level 1: Goal Key Opinion Leader Selection

Level 2: Criteria " \{ e
’ Popularity (C;) H Influence (C,) ‘ I Social Media Management (C3) I ‘ Personality (C,) ‘
Level 3: Sub-Criteria l l l l

l Number of Followers (Cy;) l |'l’rusl Value ((~:|)l | Interaction (Cs;) H Expertise (Cs;) [ Reputation (Cs;) Cost (Cs)

[ Average Pageview (Cy,) | | Choice of Active Platform (Cs;) [

Target Age Group 1mogs (Co)
l Follower’s Response Rate (C,3) I (Ca) | Post Update Frequency (Csy) I age (Ca

Level 4: Decision Alternatives | KOL, (Ay) ] | KOL, (A,) | | KOL, (As) ]

Fig. 3. Hierarchy structure for KOL selection in e-commerce business
Popularity (C1) refers to the state of being liked and supported by followers and the general
public. The KOL is said to have high popularity if he/she is widely recognized by most
target customers. To measure the extent of popularity, three sub-factors are identified,
including the number of followers (Ci1), average page-view (Ci2), and the follower’s
response rate (Ci3). In the e-commerce industry, KOLs build their own peer marketing
network by attracting people to follow their sharing posts or social media webpage.
Therefore, by measuring the number of followers, we can determine whether the KOL is
popular in the peer group so that the message can be spread to a large humber of people.
For the average page-view, it measures the number of times that the social media page
is visited by the general public. There is a larger chance of the message reaching the target
consumers with high average page-view rates. Lastly, the follower’s response rate
measures whether the follower replies to the message delivered by the KOL. A higher
response rate suggests that the KOL can attract the followers’ attention on the products
being promoted.

Influence (C2) refers to the effect brought by the content shared by the KOL. Two sub-
criteria, trust value (C2:) and target age group (Cz2), are defined. Trust value (Cz:1) is an
important measure in digital marketing, which determines if the KOL is able to build trust
with the followers. The KOL can achieve successful promotion easily if he/she can maintain
a higher extent of consumer trust. For the target age group (C22), each KOL usually has
his/her own target group of followers. Some KOLs focus on the teenager market, while
some may target mature adults. The level of influence may not be the same for different
age groups.

Social Media Management (C3) provides a unique criteria in the e-commerce business
environment. Due to the increasing popularity of social media, KOL can communicate with
the public using social media. It includes four sub-criteria: interaction (Csi), expertise
(C32), choice of active platform (Cs3) and post update frequency (Css). Interaction (Csi1)
determines whether a frequent interaction is conducted with the followers. For expertise
(Cs2), although most KOLs have similar practices in digital marketing, i.e. to share the
content online, or to have live broadcasting to communicate with their followers, their
expertise/focus areas are different. KOLs usually have their own specific focus areas, such
as beauty, travel and tourism, or electronics products. The promotion strategy in social
media varies with different focuses. Therefore, choosing a KOL with relevant expertise
would increase the chance of success in promotion. For the choice of active platform (Cz3),
there are many social media platforms on the Internet, including Facebook, Instagram,
Youtube, Snapchat and Twitter. These platforms have different characteristics: some can
share time sensitive photos and videos while some can attract attention using status
updates and hashtags. In addition, KOLs may manage more than one social media
platform to reach target audiences. Lastly, the post update frequency (Cs4) measures the
number of times that the KOL would update the social media page. It could maintain the
popularity if the KOL updates his/her page more frequently.

Personality (C4) refers to the internal characteristics of a KOL. It can be divided into
reputation (C41) and image (Cs2). Reputation (Ca:1) determines whether the KOL has built
a good reputation for branding promotion in the industry. For image (C42), depending on
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personal character, the KOL establishes a different self-image so as to attract the attention
of the public. The KOL is preferred if his/her image matches the needs of the brand.

Cost (Cs) is the last criterion for KOL selection. It determines if a reasonable cost can be
used to invite the target KOL for promotion. This cost includes all related expenses for
promotion, such as equipment cost for video shooting and live broadcasting, and the
remuneration of the KOL.

After identifying the hierarchy structure for KOL selection, the key decision makers, i.e.
two senior marketing managers in the case company, are invited to make the judgement
on the choice of KOL based on the given criteria. The average value of their feedback is
used as the input to construct the pairwise comparisons matrix. Fig. 4 shows the pairwise
comparison of (a) five criteria to goal; (b) sub-criteria to corresponding criteria; (c)
alternatives to sub-criteria/criteria, in KOL Selection. By following the steps of the extend
analysis method of FAHP, the normalized weight values of the 3-level comparison are
obtained. Table 2 shows the summary of the normalized weight values. The weights of
each criteria and sub-criteria are calculated to determine the most important. By
multiplying the criteria weighting and the alternatives with respect to each sub-criteria,
the overall weight values of each KOL can be obtained.

C1 c2 c3 C4 C5 C11 C12 C13
(&l 1 1 1 2 5! 4 0.33 05 1 1 2 3 3 4 5 Ci1 1 1 1033 05 1 0.33 0.5 1
c2 025 0.33 0.5 1 1 1 033 05 1 1 2 3| 1 2 3 c12 |1 2 3 1 il 1] 0.33 0.5 1
c3 1 2 = 1 2 3 1 1 1 1 2 3|1 2 3 €13 |1 2 3 1 2 3 1 1 1
C4 0.33 0.5 1 0.33 0.5 1 0.33 05 1 1 1 1 1 2 3 (b)(i) Pairwise Comparison of Sub-Criteria to Popularity (C.)
C5 0.2 025 033025 033 05| 033 05 1| 033 05 1| 1 1 1
(a) Pairwise Comparison of the Five Criteria to Goal
21 Cc22 c31 C32 c33 C34 Cc41 Cc42
c21 1 1 1 1 2 3 C31] 1 1 1033 05 1 [0.33 05 1|1 2 3 Ca41 1 1 1] 1 2 3
Cc22 0.33 0.5 1 1 1 1 c32) 1 2 3 1 1 1 0.33 05 1|3 4 Li C42 0.33 0.5 1 1 1 1
(b)(ii) Pairwise Comparison of Sub-Criteria to C33| 1 2 3| 1 2 3 1 i 1)1 2 3 (b)(iv) Pairwise Comparison of Sub-Criteria to
Influence (Cz) C34]033 0.5 102 025 033/033 05 11 1 1 Personality (Cs)
(b)(iii) Pairwise Comparison of Sub-Criteria to Social Media Management (Cs)
Al A2 A3 Al A2 A3 Al A2 A3
Al| 1 1 1 (033 05 1 1 2 3 Al 1 1 1/2 3 4 1 2 4 Al 1 1 1|02025033] 1 2 3
A2 | 1 2 B L 1 1 4 5 6 A2|025 033 051 1 1|0.25 0.33 0.5 A2 Bl 4 5[1 1 1 ]0.17 0.2 Q.25
A3]033 05 1 |0.17 0.2 0.25] 1 1 1 A3]1025 0.5 112 3 4 1 1 1 A3 033 05 1/4 5 6 1 1 1
(c)(i) Pairwise Comparison of Alternatives to Ci, (c)(ii) Pairwise Comparison of Alternatives to Ciz (c)(iii) Pairwise Comparison of Alternatives to Cis
Al A2 A3 Al A2 A3 Al A2 A3
Al | 1 1 1 (033 05 1 |2 3 4 Al 1 1 1]02 025033 2 3 4 Al | 1 1 1 1 2 3 ]0.17 0.2 0.25
A2 1 2 3 1 1 1 3 4 S A2 3 4 S 1 1 1 1 2 = A2 10.33 0.5 1 1 1 1 4 S ]
A3 |0.25 0.33 05(0.2 025 0.33|/1 1 1 A3 ]0.25 0.33 0.5|0.33 0.5 1 1 1 1 A3 4 = 6 |[0.17 0.2 0.25] 1 1 1
(c)(iv) Pairwise Comparison of Alternatives to Cz: (c)(v) Pairwise Comparisen of Alternatives to Czz (c)(vi) Pairwise Comparison of Alternatives to Ca:
Al A2 A3 Al A2 A3 Al A2 A3
Al 1 1 1] 1 2 3)0.2 0.25 0.33 Al 1 1 1 2 3 4017 0.2 0.25 Al 1 1 1|0.17 0.2 0.25 1 2 3
A2 033 05 1) 1 1 1|2 & 4 A2 10.25 0.33 0.5 1 1 1) 1 2 =) A2 4 S 6| 1 1 1 033 05 1
A3 3 4 5/0.25 033 0.5 1 1 1 A3 4 5 6| 033 05 1| 1 1 1 A3 033 05 1| 1 2 3] 1 1 1
(c)(vii) Pairwise Comparison of Alternatives to Cs (c)(viii) Pairwise Comparison of Alternatives to Css (c)(ix) Pairwise Comparison of Alternatives to Cas
Al A2 A3 Al A2 A3 Al A2 A3
Al 1 1 1 1 1 1 2 3 4 Al 1 1 1(2 3 4 |0.17 0.2 0.25 Al 1 1 1 /0.25 0.33 0.5 |0.17 0.2 0.25
A2 1 1 11 1 1 4 5 6 A2 |10.25 033 051 1 1 3 4 5 A2 | 2 3 4 1 1 1 3 4 5
A3 |0.25 0.33 0.5/0.17 0.2 0.25( 1 1 1 A3 4 5 6 |0.2 0.25 0.33| 1 1 1 A3 4 5 6 | 0.2 0.25 033| 1 1 1
(c)(x) Pairwise Comparison of Alternatives to Ci; (c)(xi) Pairwise Comparison of Alternatives to Ca: (c)(xii) Pairwise Comparison of Alternatives to Cs

Fig. 4. Pairwise Comparison of (a) Five Criteria to Goal; (b) Sub-Criteria to
Corresponding Criteria; (c) Alternatives to Sub-criteria/Criteria, in KOL Selection

Table 2. Normalized Weight Values of 3 Levels Comparison

Criteria with Sub-criteria with I - . Alternatives with respect to Sub-
respect to Goal respect to Criteria Criteria Weighting criteria (KOL;, KOL>, KOL3)
(C11) 0.200 (C11) 0.064 0.24, 0.75,0
(C1) 0.321 (C12) 0.351 (C12) 0.113 0.56, 0, 0.43
(C13) 0.449 (C13) 0.144 0.13, 0.36, 0.49
(C21) 0.692 (C21) 0.140 0.38,0.61,0
(C2)0.203 (C22) 0.308 (C22) 0.062 0.35,0.64,0
(C31) 0.218 (C31) 0.064 0.10, 0.46, 0.43
(C32) 0.365 (C32) 0.106 0.22, 0.35,0.41
(€3)0.292 (C33) 0.349 (C33) 0.102 0.28, 0.18, 0.53
(C34) 0.069 (C34) 0.020 0.18, 0.55, 0.25
(C41) 0.692 (C41) 0.108 0.33,0.66, 0
(C4) 0.156 (C42) 0.308 (C42) 0.048 0.22, 0.34, 0.42
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| (C5) 0.029 | / | (C5) 0.029 | 0, 0.58, 0.41

5. RESULTS AND DISCUSSION

By adopting the MKOLS model, it is found that KOL2 had the highest value among the
three alternatives. Hence, the case company should invite KOL2 for promoting the newly
launched product to the target customers. Besides, it is worth to investigate which
criteria/sub-criteria have a high weights during FAHP analysis. As shown in Table 2, the
overall weights of all criteria in KOL selection are given. Among all 12 criteria/sub-criteria,
the follower’s response rate (Ci3) and trust value (Ca2:) have the highest weights
contributing to 14.4% and 14% of total weights respectively. It implies that the case
company concerns as to whether the KOL has a high follower’s response rate in the social
media platform, so that the promotion can be delivered to the public and arouse their
interest. In addition, the KOL with high trust value implies that the followers tend to believe
the opinion delivered from the KOL. Hence, it could influence the followers to make a
purchase by providing positive feedback to the promoted product.

In this study, decision tree analysis is performed before using the FAHP approach. This
is because the computation time of FAHP greatly depends on the number of alternatives
involved in the hierarchy. The more alternatives involved, the longer is the time needed
to obtain the answer. Therefore, by conducting decision tree analysis, a list of KOLs can
be classified into groups based on their characteristics. One group consists only of a small
number of KOLs for selection. It could effectively shorten the time required to conduct
pair-wise comparison.

6. CONCLUSIONS

Due to the rapid development of e-commerce in recent years, increasing attention has
been paid to invite KOL in digital marketing so as to attract young customers. By
establishing a peer network on the Internet, KOLs can make use of social media platforms
to express their opinion in products and share used experience to the public. Therefore,
selecting an appropriate KOL for catching young people attention is critical. In this paper,
a multi-criteria key opinion leader selection model is proposed to evaluate the suitability
of KOL for promotion. A pilot study was conducted in an American-brand headphone
company to illustrate how the proposed model can be applied in selecting KOL for
headphone promotion. By integrating the decision tree analysis and multi-criteria analysis
using FAHP, it is found that the computational time in conducting pair-wise comparison is
greatly reduced. To conclude, this paper contributes to a practical approach for identifying
KOL for digital marketing which is an emerging trend in today’s e-commerce market.
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Abstract
Purpose
B2C e-commerce is fast spreading all over the world. If compared to the offline market, it
opens new challenges for companies, and one of these is higher complexity of the logistics
activities. In particular, one of the most critical processes in the logistics field, due to its
impact on both costs and service level, is the last-mile delivery - i.e. the “final leg” of the
order fulfilment, aimed at delivering the products to the final consumer. More in detail, a
very significant issue is that of the failed deliveries, i.e. the deliveries not accomplished
due to the absence of the customer. They both imply high costs for e-commerce players
- that need to re-schedule them - and have a negative impact on the satisfaction of
customers. A way to face this issue could be scheduling the deliveries based on the
probability to find customers at home. A promising alternative for gathering data on the
customer presence is represented by Internet of Things devices, whose diffusion has been
significantly growing in recent years.

Design/methodology/approach

The solution presented in this paper aims at building presence profiles of customers based
on data collected through smart home devices (e.g. smart home speakers) able to detect
people presence at home during the day and along the week. In addition, the work
develops the analytical formulation of a Vehicle Routing Problem that schedules deliveries,
aimed at reducing not only the travelled distances - as it happens in traditional VRPs -
but also the number of failed deliveries. More specifically, the routing algorithm is
composed by two sub-stages. First, it carries out a pre-allocation of customer orders to
specific time-windows, based on the probability of the customers to be at home when
deliveries are performed. Second, the algorithm finds the sequence of customers to be
visited during the day that optimises the routing.

Findings

The application of the model to a case in Milan shows that the proposed solution implies a
significant reduction of missed deliveries — about -16% - with respect to the traditional
operating mode (in which the probability of finding the customer at home is not considered
while scheduling the deliveries). Accordingly, even if the pre-allocation of customers based
on probability increases the total travel time, the average delivery cost per parcel
decreases.

Value

This work provides both academic and managerial implications. On the academic side, it
contributes to the literature while developing an innovative probability-based Vehicle
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Routing Problem that, differently from other existing works, exploits new technological
trends (e.g. the diffusion of smart-home devices). On the managerial side, it proposes a
novel solution for scheduling B2C last-mile deliveries that relies on the use of smart home
devices, and that has a significant impact in both reducing operating costs and increasing
service level

INTRODUCTION

B2C e-commerce has been significantly growing during the last decade, and the number
of online shoppers has been increasing in different industries and markets. This widespread
trend is expected to continue in the future, also due to the changing shopping behaviour
of customers (van Duin et al., 2016). In 2018 online sales have been worth more than
€2,500 billion worldwide. China, Europe and USA are the major markets and together
account for about 85% of the overall value (B2c eCommerce observatory, Politecnico di
Milano).

Despite the intangible nature of online transactions, the management of logistics plays a
crucial role in determining the success of companies selling products online (Mangiaracina
et al., 2015). Moreover, the logistics service offered by e-tailers has emerged to be one of
the key factors influencing the customers’ decision to shop at them (Morganti et al., 2014).
Within the logistics field, it is the last-mile delivery (LMD) that has captured the attention
of both academics (whose contributions on the topic have been flourishing) and
practitioners (who have been striving to find strategies to efficiently and effectively
manage it). LMD represents the “last stretch” of the order fulfilment, aimed at delivering
the products ordered online to the final consumers (Lim et al., 2018), either at their home
or at a collection point (Gevaers et al., 2011). It has a significant impact on both efficiency
- since it is very expensive — and effectiveness - since it constitutes the interface with the
final customer, who directly perceives the associated service level performances.

The dominant B2C delivery mode is represented by the so called “attended home delivery”,
that requires the customers to be at home to collect the parcel and sign a delivery receipt
before the courier leaves for the next destination (Han et al., 2017). This being the context,
the eventual absence of the customer makes couriers not able to accomplish the delivery.
This phenomenon - “failed deliveries” - is addressed by both academic and managerial
efforts, since it has strong negative effects on LMD performances. On the one hand, it
implies high costs for e-commerce players, which need to re-schedule the deliveries; on
the other hand, it significantly affects the satisfaction of customers, who do not receive
their parcel.

A possible way to reduce the occurrence of this problem could be scheduling the deliveries
based on the probability to find the customers at home. A promising alternative for
gathering data on the customer presence is represented by Internet of Things devices,
and more in detail by smart-home devices, whose diffusion has been significantly growing
in recent years also in less mature markets. Considering for example Italy, in 2018 IoT
market has registered a 32% growth with respect the previous year, while, focusing on
smart-home devices, the value increases up to +35% (Osservatorio Internet of Things,
Politecnico di Milano).

This trend and the ability of smart-home objects to easily collect data thus generate new
opportunities to exploit the potentialities of such devices in improving the LMD
performances, from both the efficiency and the effectiveness perspectives.

LITERATURE REVIEW

The ever increasing number of online shoppers is very demanding in terms of delivery
effectiveness (Agatz et al., 2011) and the quality of logistics services has become crucial
in improving customer satisfaction (Qu et al., 2015). Among the most relevant
performances for B2C deliveries, there are both speed and punctuality. On the one hand,
once customers place an order, they are not willing to wait too much before receiving their
parcels (Xu et al., 2008). On the other hand, many e-shoppers are interested in receiving
their parcels at the most convenient time for them (Yang et al., 2017) and delivery delays
may strongly affect their intention to repeat the purchase in the future (Qiu et al., 2011).
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Besides effectiveness, efficiency of LMD is a very challenging issue for both retailers selling
online and logistics operators. As a matter of fact, the last stretch of the order fulfilment
is the most expensive part of the delivery process, and the related costs may amount up
to half of the overall logistics costs (Vanelslander et al., 2013).

One of the most discussed issue of LMD inefficiencies is that of the failed deliveries, which
occur when a home delivery is not completed since the customer is not there to collect the
parcel. There is strong agreement in recognising how failed deliveries strongly impact on
both efficiency — increasing the operative costs faced by companies — and effectiveness -
reducing the service level seen by the customer (Wu et al., 2015). As a matter of fact, on
the one hand, missed deliveries must be assigned to a subsequent delivery tour, and
sometimes two or even three attempts may be necessary to succeed (Gevaers et al.,
2011), thus increasing the operative costs faced by companies. On the other hand, they
reduce the service level seen by the customer (Wu et al., 2015), who cannot promptly
receive the products. In addition, missed deliveries also have environmental implications:
their re-scheduling may increase the vehicle flow, with negative impacts on traffic,
congestion and CO2 emissions (Kedia et al., 2017).

These being the premises, scientific literature shows many attempts to develop strategies
aimed at maximising the so called “hit rate”, i.e. the rate of successful deliveries, and
more in general at improving LMD performances.

Some authors propose the introduction of unattended delivery modes, such as parcel
lockers (lockers usually grouped into structures located in public places, where customers
are able to retrieve their parcel using a one-time password) or pickup points (institutions
such as stores providing storage services) (Wang et al., 2014). Both these solutions allow
to perform the delivery without the need of the customer being present to collect the
parcels, and to increase the delivery density, while aggregating many deliveries in the
same point of destination. The same advantages may be reached through the
implementation of another innovative option proposed by more recent studies, i.e. in-car
delivery: parcels are delivered within the trunk of the customer’s car while it is parked in
public places, such as supermarkets. Some novel initiatives may be found still relying on
geo-localisation of the customers themselves through the GPS embedded in their
smartphones: after issuing the orders, customers wait for parcels to be delivered in their
hands wherever they are.

Nonetheless, home delivery still represents the first choice of the majority of e-customers,
and thus still gains the interest of both practitioners and academics. Some authors propose
e-commerce players to rely on the crowd, i.e. to outsource the deliveries to a network of
“common” people, who typically grant higher flexibility. Among them, Akeb et al. (2018)
suggest implementing a solution for which, in case customers are not at home, parcels
may be collected by a neighbour, who will deliver them to the recipient in a subsequent
moment. Another research line consider the so called time-windows management and on-
appointment deliveries: customers choose a specific time-window (from 1 up to 2 hours)
during which the parcels will be delivered (Agatz et al., 2013). Though, when customers
choose the preferred delivery time option, they influence the sequence of the destinations
to be reached in the tour and, as a consequence, companies are not able to optimise the
delivery route (as it instead happens in traditional VRP tours).

A last emerging and promising trend takes into account data mining and data analytics
tools for those data about the customer presence at home, in order to schedule deliveries
and consequently improve the success rates (Florio et al., 2018; Pan et al., 2017).

OBJECTIVES AND METHODOLOGY

This work proposes a solution aimed at reducing missed deliveries through the
understanding of the customer presence profiles, based on data collection performed by
smart home devices (e.g. smart speakers), which are technically able to detect people
presence at home. The main goals of the research are two. First, understanding how the
probability distribution to find customers at home may be integrated in the Vehicle Routing
Problem. Second, evaluating the effect on both effectiveness (hit rate) and efficiency (LMD
cost) of implementing such a solution with respect to traditional VRPs. In other words, the
following research questions have been addressed:
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RQ1 How can customers home attendance profiles be integrated in the VRP for LMD?

RQ2 What is the impact of this innovative VRP on LMD performances?
In order to answer these research questions, two main steps have been carried out. First,
an analytical model - based on both the travelled distance and the expected probability to
find the customer at home - has been developed. It aims at maximising successful
deliveries and computing the associated delivery cost and hit rate. Second, the model has
been applied to a realistic scenario in Milan area, where costs and hit rates have been
computed both for the proposed innovative VRPAP (Vehicle Routing Problem with
Availability Profiles) and for the traditional VRP cases, to compare the performances of the
two options. Three methodologies have been implemented to support the model
development and application: literature review, semi-structured interviews with
practitioners (both e-commerce retailers and logistics service providers, such as express
couriers) and the analysis of secondary sources.

MODEL DEVELOPMENT

The proposed solution is based on five different ways through which smart-home devices
may detect the presence of one customer at home:

(i) Home Assistant interaction with customers or detection of any conversation in the
house;

(ii) smart appliances interaction with customers or detection of customer presence (e.g.
thermostat);

(iii) smartphone pairing with the Home Assistant via Bluetooth connection;

(iv) smartphone pairing with the Home Assistant via Wi-Fi connection;

(v) smartphone localisation detection via GPS.

These interactions can be monitored in a discrete way (unit of analysis: one minute), and
the customer home attendance is marked as positive if at least one of the five conditions
is verified. Based on the collected data, customer home Availability Profiles (APs) may be
built (associating to each moment of the day the probability of the customer being at
home), and periodically updated. The APs of those customers to be visited in a delivery
tour have to be provided in input to the VRP, to let the algorithm select the optimal
sequence of deliveries (i.e. the sequence maximising the hit rate).

VRPAP (Vehicle Routing Problem with Availability Profiles)

The VRPAP algorithm is composed by two sub-stages.

(i) First, the algorithm performs a pre-allocation of customers to different time-windows
(in which the day is divided) based on their APs, maximising the probabilities to find the
customers at home.

(ii) Second, the algorithm finds the overall sequence of customers to be visited during the
day to optimise the routing. More in detail, it first considers separately the clusters - i.e.
the output of the pre-allocation phase - and then defines the optimal sub-routing for each
of them. The sub-routing corresponds to the sequence of customers minimising the
following multi-objective function, which includes both the probability of failed deliveries
and the travel time.

K N N K
min { [Zzzcvar53,iijkDi5tDcij(1+(PjTW) (1) + CVe.kZlgk(Z) }

k=1i=1j=1

The first element of the formula (1) computes the overall variable cost of the delivery tour

for each used van k, which depends on the following:

- Tw: unit of time considered for the optimisation (i.e. in which the daily delivery time is
divided and for which the probability of the customers to be at home are estimated);

- Cvar variable cost per minute for each travelling vehicle k (including fuel and driver);

- 0s3,ijtwk: Boolean optimisation variable that indicates whether an arch i-j (connecting
two subsequent customer locations i and j) is travelled by van k within the time interval
Tw (i.e. if the vehicle moves from the i-th customer to the j-th customer during Tw);
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- DistDcj: travel time between each couple of i-j customers. Since the routing is defined
for each cluster, this travel times are reported into matrixes that are different for each
cluster (i.e. there is one matrix for each time-window, associated to the customers to
be visited in that time-window).

- @jmw: estimated probability of unsuccessful home delivery for the i-th customer visited
during Tw (i.e. estimated probability that the delivery has to be rescheduled in a
subsequent delivery tour). The higher this probability, the higher the associated
distance to be travelled in order to successfully deliver the order to the i-th customer.
It works as a penalty that deters the scheduling of deliveries in moments in which they
will most likely fail.

The second element of the formula (2) represents the fixed cost for each used vehicle: the

“activation” cost per van (Cve) is multiplied by the total number of vans g« gk is an array

of k Boolean variables, to which the algorithm associates the value 1 in case van k is used

during the tour, 0 otherwise.

Once the sub-routings that minimise the cost function have been defined for all the clusters
of customers, the overall daily routing is derived based on the combination of the sub-
routings in subsequent time-windows (the ending point - i.e. the last customer to be
visited - for cluster Ci is set as the departing point for cluster Ci+1).

Once the LMD problem has been solved, the associated performances may be computed,
both in terms of hit rate and cost. The cost per delivery is estimated dividing the overall
cost (fixed cost of the van + variable cost depending on the travelled time) by the number
of successful deliveries.

MODEL APPLICATION

The main goals of the model application are to evaluate the effect of the proposed VRPAP
on LMD performances, in terms of both efficiency (delivery cost) and effectiveness (hit
rate), and to compare it with a traditional (i.e. only based on distances) VRP. The model
has been applied to a realistic context in Milan (Italy). The used two-step methodology
(development of analytical model and implementation to a realistic context) is widely
adopted in literature dealing with LMD innovations (e.g. Qi et al., 2018).

The context of application has been defined based on the following assumptions and data
(which were mainly derived from interviews to logistics service providers - express
couriers — but also relying on literature and secondary sources).

- The total considered planning horizon is 2 days with 8 working hours each (from 9 a.m.
to 1 p.m. and from 2 p.m. to 6 p.m., considering a 1-hour break between 1 p.m. and
2 p.m.). This is line in with fast e-commerce deliveries, which are typically
accomplished within two days from the moment the order is issued. Each working day
has been divided in 4 2-hours slots (corresponding to the clusters for the pre-
allocation), associated to 16 customers each. The time bucket considered for the
optimisation (and thus for the computation of the customers’ attendance probability)
Tw is 30 minutes.

- The delivery area is a 5 km? area in Milan (Italy), in which the total number of
customers to be visited in two days is 128. These destinations are served by one transit
point, located outside the delivery area - 3.3 km far from the perimeter, in
correspondence of a real e-commerce depot. The distances between the depot and the
customers, and those among the different customers - needed to build the travel time
matrix DistDcj; — are the real ones, estimated thanks to integration of Google Maps API
in the spreadsheet used for the computations.

- Customers have been clustered according to three main Aps profiles: (a) people
receiving products in a place where the delivery is almost always successful, e.g. house
with concierge or offices, (B) people who issue orders based on when they are expected
- barring unforeseen circumstances that may still occur - to be at home to collect the
parcel and (y) people who place orders independently from the probability of incurring
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in failed deliveries. The split of the customers into these three groups and the
corresponding values of home attendance probabilities are reported in Table 1.

% of total number of Average home attendance
Customer .
customers probability
a 50% 99%
B 30% 83%
Y 20% 53%

Table 1: Customers’ profiles

- The performances and characteristics of the van are the following: fuel consumption 7
I/100km; fuel cost 1.52 €/litre; average speed 23.6 km/h; fixed daily “activation” cost
per van 150€; variable cost per minute 0.05€/minute.

Based on these data and these assumptions, the LMD problem has been solved both
through a traditional VRP (only aimed at minimising the travelling distances/time) and
through the innovative VRPAP (considering both the minimisation of distances and the
maximisation of the probability to find the customer at home).

Traditional VRP Innovative VRPAP
Total travelled time [min] 408 446
Average hit rate [%] 82 97.9
Delivery cost [€/parcel] 3.05 2.57

Table 2: Results of the model application

Table 2 shows the results of the application to the base case scenario, which lead to two
main considerations. First, the total travelled time per tour is higher in the innovative
VRPAP case with respect to the traditional VRP. In fact, the objective function of the
traditional VRP minimises the overall travelled distance — and consequently the associated
time - for a specific delivery tour. The VRPAP combines instead the distance minimisation
with the hit rate maximisation. Accordingly, if a customer is associated to a very low
probability to be at home in a specific moment of the day, the delivery is moved to a
previous/subsequent time-window (where this probability is higher), even if it results in a
higher travelled distance. Second, the innovative VRPAP allows to significantly reduce
missed deliveries with respect to the traditional operating mode (97.9% successful
deliveries vs 82%), thus improving effectiveness performances.

The positive effect stemming from the reduction of missed deliveries overcomes the
disadvantage linked to the higher travelled time, and implementing the VRPAP thus results
to be beneficial. As a matter of fact, the delivery cost per parcel - which is estimated
dividing the total cost by the humber of successfully accomplished deliveries - is lower in
the innovative VRPAP case with respect to the traditional VRP (about -16%).

CONCLUSIONS

This paper proposes and evaluates the performances of an innovative solution that collects
data about customers’ presence at home and integrates them in scheduling last-mile
deliveries. A VRP has been designed that first clusters customers based on the probability
of finding them at home, and then defines the optimal sub-routes - i.e. the sequences of
customers to be visited - for each cluster. Based on these results, the algorithm finds the
overall optimal routing (RQ1). The application of the model to realistic cases in Milan (Italy)
has shown that the proposed solution implies a significant reduction of missed deliveries
with respect to the traditional operating mode, in which the probability of finding the
customer at home is not considered while scheduling the deliveries (RQ2).

This work provides both academic and managerial implications. On the academic side, it
contributes to the literature developing an innovative probability-based Vehicle Routing
Problem that, differently from other existing works, exploits new technological trends (i.e.
the diffusion of smart home devices). On the managerial side, it proposes a novel solution
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for scheduling B2C last-mile deliveries with a significant impact in both reducing operating
costs and increasing the service level.

This work has some limitations, which could be overcome through further developments.
First, the model considers just one way to integrate the two optimisation objectives
(probability maximisation and distance minimisation), in which the pre-allocation is only
based on the probability to find the customers at home. It could be useful to evaluate
other ways to pre-allocate customers, for instance including also the evaluation of the
distances among customers to create clusters. Second, results of the model application
rely on the definition of three clusters of customers, whose percentage are considered as
fixed. Further research efforts could be aimed at evaluating the effect on the LMD cost per
parcel of potential variations in the percentages of customers belonging to the different
classes.
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Abstract

Factory of the Future (FoF) is an immanent paradigm within the field of supply chain
management. It is about the use of innovative and emergent digital technologies within
supply chain operations and captures the whole organization towards a new corporate
culture of interdisciplinary cooperation, collaboration and knowledge exchange. It
transforms single organizations from “ordinary” manufacturers and isolated production-
islands to fully integrated stakeholders of service networks, supply- and value chains. This
article at hand investigates into the Factory of the Future paradigm. Based on 96 case
study interviewees, conducted in five Alpine Space countries (Austria, Germany, France,
Italy and Slovenia), it explores and descriptively presents the path towards a smart Factory
of the Future.

Introduction

Since the emergence of the fourth industrial revolution, supply chains stakeholders
experience increased innovation activities towards internally and externally interconnected
Factories of the Future (FoF). FoF, as represented within this article at hand, is a vision
that blurs traditional boundaries in organizations: it is a “new industrial revolution” [1]
and requires a re-design of organizational and operational structures [2], incl. the
increased integration of all supply chain stakeholders equally into supply chain services
and processes [3]. Objective of FoF’s are not only to be smart and technologically mature
but highly performing, environmentally friendly and clean as well as social sustainable [4].
Within this article, FoF’s are considered as service systems that again consist of a variety
of heterogeneous service systems (network of independent but interrelated service
systems). Service systems are the main abstraction of the theory of Service Science [5]
and, related to Alter [6] a bundle of resources: system participants, information,
technologies, processes & activities, products/services, customers, environment,
strategies and infrastructure. In this sense, service systems exist to produce goods and/or
services for service customers.

Due to the fact that strategies to evolve to a smart FoF are not sufficiently understood,
the research motivation and purpose of this article is to explore and describe the path how
an ordinary” manufacturer and isolated production-islands evolve to a fully integrated
stakeholder in global service networks and supply chains. The empirical base of this article
consists of 96 case study interviews conducted within the Interreg Alpine Space BIFOCAIps
project. BIFOCAlps main objective is to boost collaboration and synergies among main
actors of the Alpine Space Region innovation system for a sustainable, smart and
competitive development of Factories of the Future within the region. This research is
accompanied by research question about how ordinary supply chain stakeholders can
innovate and evolve to smart Factories of the Future. Subsequent to this article, this
research question is split into three clusters of interest: investment into digital
technologies, ability in perceiving and facing the path towards digital transformation and
knowledge transfer and collaboration towards the innovation and evolution towards smart
Factories of the Future.

This article is structured among three sections. Section two presents applied the research
design and research process. Section three presents a narrative literature review about
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the theory of Service Science, the co-authors literately access towards the Factory of the
Future paradigm. This section’s objectives are to present the status quo at a glance as
well as the interconnection of Service Science and Factory of the Future. Section four
presents the case study analysis. This section is about the descriptive presentation of the
findings and value of conducted case study research. Section five concludes this article at
hand and provides a short outlook for future research.

Research design

This research is guided by the case study approach of Eisenhardt (1989) [7] and
Eisenhardt & Graebner (2007) [8]. Case study research, as Eisenhardt & Graebner [8]
highlight, typically exploits opportunities to explore a significant phenomenon under rare
or extreme circumstances. It is embedded in rich empirical data and “can richly describe
the existence of a phenomenon” [8]. Following this case study approach, we first decided
to conduct a narrative literature review about FoF’s and its theoretically field of Service
Science. The findings out of this literature review support to case study research: to go
into the case study partners’ organizations with a well-defined knowledge and,
additionally, to ask (more) targeted questions (what is known, why does it differ, etc.).

The empirical base of this article at hand consists of 96 heterogeneous organizations within
the field of manufacturing (industrial organizations, academic institutions and regional
policy maker organizations in the Alpine Space: Austria, France, Germany, Italy and
Slovenia). Managers out of these organizations have been interviewed by use of semi-
structured interview-guidelines about a) investment into digital technologies, b) ability in
perceiving and facing the path towards digital transformation and c) knowledge transfer
and collaboration towards the innovation and evolution towards smart Factories of the
Future. The interviews are conducted in 2017 and last ~1,5h each.

Multi case study analysis Findings

Grounded Theory New/grounded theory

Single case studies Multi case study report

Austria: 23 case studies  ——
96 single case studies,

pre-structured among
France: 20 case studies investment into digital
technologies, ability in ——+ Open . . Recommendation for
perceiving and facing a new coding Axial coding actions
Italy: 20 case studies business model for digital —
I transformation, knowledge Strategic policies
transfer and collaboration
Germany: 17 case studies  —— towards the innovation and
T evolution towards smart
Factories of the Future

Selective
coding

Slovenia: 17 case studies  —

Figure 13: Research Design

As depicted in figure 1, all 96 single case study reports are merged to one multi case study
report, which reflects the unit of analysis of this article at hand. This multi case study
report experienced a structured analysis by use of the Grounded Theory methodology (e.g.
[9]-[11]) and its open-, axial- and selective coding scheme. Open coding, as used in this
scholarly article, is an indiscriminate coding to break-up of data and information through
analytical crystallization of (described) phenomena and its characteristics. This coding
scheme gives an unstructured access to data and compiles a variety of unconnected
concepts and categories. Axial coding is the compilation of a phenomenon-oriented
connection-related model. Aim of the axial coding scheme is to compile and to compare
constantly qualified relations between previous observed concepts and categories. The
selective coding scheme aims to integrate developed theoretical concepts into core
categories [9]-[11]. The coding have been conducted with Atlas.ti — a specialized software
for quantitative and qualitative research.

Body of knowledge at a glance: Service Science and Factory of the Future
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Service Science is a relatively new academic discipline in the field of information system
research ([12], [13]). This discipline is multidisciplinary and combines, according to Maglio
& Spohrer, “organization and human understanding with business and technological
understanding to categorize and explain service systems” [14] (socio-technological
orientation [12]). Service systems, the main abstractions within this theory [5], are socio-
technical systems [12] and “dynamic value cocreation configurations of resources (people,
technology, organizations, and shared information)” [14].

Service systems are both: providers and clients of service that are connected by value
propositions in value chains, value networks, or value-creating systems [14]. Value
creation in service systems is enabled via the configuration of actors and resources [12]
as well as the interaction within and between. While Wieland, Polese, Vargo, & Lusch
(2012) [15] differentiate between "“Goods-" and "“Service-" design (the traditional
perspective vs. service as fundamental basis of economic exchange [5])), Alter ([6], [16])
represents the perspective that all systems are works systems - no matter what they
produce (because it is not important for work/service systems [6]). In Alter’s perspective,
service systems are work systems and thus vice versa [17]. Service systems are service-
oriented because they exist to produce products and services for customers [18].

The concept of service systems support to understand ICT-, ICT reliant- and non-ICT
systems in organizations. Service systems seem to be everywhere [19] or in the
perspective of Maglio & Spohrer: “The smallest service system centers on an individual as
he or she interacts with others, and the largest service system comprise the global
economy [...]" [14]. Information systems, projects, self-service systems and automated
systems as well as — object of investigation in this article — Factories of the Future are
special cases of work systems.

Factories of the Future, as the association of German engineers in collaboration with the
American society of mechanical engineers [21] highlight, is a “product” of continued
adoption of advanced manufacturing technologies into industrial processes. FoF’'s base
upon the extended enterprise approach wherein business stakeholders (suppliers,
customers and other business partners) are pro-actively involved [22]. This approach
toward the collaboratively creation of value is major principle in the discipline of Service
Science. FoF is a global trend® and an emergent field of organizational investments. As,
for example, McKinsey&Company [23] identifies, FOF captures investment opportunities
into new materials, product design, manufacturing technologies, IT and business models.
These categories covers a broad range of innovative technologies, such as advanced
robotics, additive manufacturing, digital manufacturing, big data, internet of things, etc.
[21]. Additionally, FoF aims to implement flatter management structures accompanied
with highly skilled and IT liberate workforce [22]. Thus, the FoF paradigm is an excellent
example of a socio-technical service system: a service system wherein people and/or
machines perform processes and activities using information, technology, and other
resources to produce products and services - the essence of Service Science.

Case study analysis: findings & value

Based on this literature review and/or similar/extended knowledge, researchers of
particular BIFOCAIlps project partners entered the empirical field of manufacturing. In
total, researchers interviewed 96 representatives of organizations within the field of
manufacturing. Of major interest within these interviews are the case study partners’
investment into digital technologies, ability in perceiving and facing the path towards
digital transformation and knowledge transfer and collaboration towards the innovation
and evolution towards smart Factories of the Future. As already identified within the

> Initiatives identified, e.g. USA (Advanced Manufacturing Program), European Union
(European Factories of the Future Research Association), Germany & German speaking
countries (Industry 4.0), Great Britain (Factory 2050), Japan (Science & Technology
roadmap), South Korea (Vision 2025).
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BIFOCAIps project, critical success factors towards a Factory of the Future are strategy,
technology, capacity for innovation, ecosystem support for innovation and skills and
change management [24]. The applied case study reserach goes beyond this critical
success factors. It explores individual activities and explores recommendation for actions
and strategic policies. This section presents achieved research results: it contributes to
both - practice and academe - and presents new theory about the innovation and
evolution toward a FoF and contributes to a better understanding how “ordinary”
organizations within the field of manufacturing can become a smart FoF.

Investment into digital technologies

As the empirical research turns out, all case study partners are aware about ongoing
digitalization resp. the digital transformation in their particular field of business. Most case
study partners already got in touch with emergent Industry 4.0 technologies as, for
example, artificial intelligence, augmented and virtual reality, 3D printing, autonomous
driving as well as technologies captured under the roof of Internet of Things (IoT): sensors,
cameras, interconnectivity of artefacts and objects, RFID, NFC, additive manufacturing,
predictive maintenance, etc. Target, as observed is not only to establish the Factory of the
Future but also a smart office and administration: thus, the development of a new
corporate culture towards digital innovation and digital transformation in organizations.

The case studies reveal a broad repertoire of investment opportunities into digital
technologies. The easiest form of investment are the renewals and replacements of IT and
its infrastructure. Examples of investments into digital technologies, as observed in the
case studies, capture the exchange of desktop computers with mobile devices (laptops),
exchange of ERP server-client technologies with ERP cloud technologies, opening of
proprietary IT systems and development of interfaces for increased (real time) data
exchange (with service customers and suppliers; horizontal and vertical data integration;
ERP/MRP integration, integration of IoT and other technology into ERP and MRP),
modernizing of the organization’s tools (e.g. microprocessors into machines,
communication tools), extension of existing production facilities, etc. Additionally, case
study partners started to re-design, re-work and optimize software. Development of new
software and software frameworks is essential part in the case study partners’
digitalization strategy. Activities include data management, master data management,
data transparency, modularization of software, wireless communication, etc.

Data, as it turned out in the case study interviews, are important to enable
interacting/networking machines: human-to-machine (and vehicles), machine-to-machine
(and vehicles), machine-to-human communication and machine learning as well as
simulation, artificial intelligence, virtualization, design and optimization: product, service
and process configuration, in-house logistics, etc. within particular organization. As
especially observed in French case studies — but not only restricted to these cases -, the
majority of French case study partners focus on “cobotization” and “robotization” (e.g. the
automated loading of trucks, automated high-rack warehouses, ). Taken together, this
automation shall enable “batchsize one” manufacturing. This target value is about the
highest individuality towards customer requirements accompanied with the most effective
conversion of production facilities and manufacturing machines.

Digitalization towards a Factory of the Future, as the case studies turn out, are seen as
means to keep and to enhance effectivity and efficiency of production facilities and
manufacturing machines. Key to success is much about predictive maintenance. This
technology aims to anticipate production machine maintenance thus to reduce and avoid
machine downtimes and breakdowns. Predictive maintenance is in close relation to remote
diagnostic solutions, which is a technology that has been mentioned in case studies too.

To better cooperation and collaborate with service customer, service suppliers and the

service environment, some case study partners invested into digital platforms, such as a
customer relationship platform and digital networks. Additionally, few case study partners
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collaborate with “digital trendsetters”: Microsoft, IBM and other “big names” within IT and
technology business.

Investment into emergent digital technologies are of strategic importance. As observed,
technologies are on organizational radars and captured in strategic IT-maps. However, a
critical issue, as observed in the case studies, is the financial limits (especially of SME’s)
and the amortization of investment. For example, a manufacturer for packaging material
mentioned that because of financial limits they only could digitalize one production
machine. But this does not make much sense: “To digitalize one production machine and
leave the other machines untouched would only create double of work and maintenance -
accompanied by complementary technologies”. A solution to cope at least financial risks
is the self-organization within strategic partnerships and research spin-offs, as for example
a case study partner in Austria reports. As observed in the case studies, case study
partners not exclusively invest into digital assets but also into the human factor, health
and work ergonomics. Investments include, as the examples highlight, continuous
education, training qualification of managers and employees towards Factory of the Future
paradigm, knowledge dissemination channels, terminals in shop floors, safety and
security, etc.

However, some case study partners also recommend that ongoing digitalization also have
its dangers. Case study partners exemplified the increase of complexity in IT and its
infrastructure, cybersecurity issues and lack of appropriate knowledge workers.

Ability in perceiving and facing the path towards digital transformation

As observed in conducted case studies, the abilities in perceiving and facing the path
towards digital transformation are that manifold as the case studies are. Paths capture a
broad repertoire of strategies and activities and include, for example, organizational
agility, ergonomics, paperless, process improvements, product innovation, working
directly with the customer etc.

A major chance that the majority of case study partners started to capitalize are increased
servitization: putting the customer into the center of economic trade. Examples include,
the full integration of customers into operations, development of customer satisfaction
processes (increase of quality; guarantee of quality), professionalization towards customer
demands (interaction and knowledge exchange with customers on real time basis),
product-, service- and process innovation (due to customers requirements) as well as
smart contracts. Customer interaction, as identified in literature review, is key principle in
Service Science: value, according to this theory, is always co-created in service provider
and service customer relationships. Within observed case studies, the approach of
customer integration is accompanied with product-, service- and process innovation and
digitalization. Examples include the integration into ERP systems, development of
interfaces to exchange real time data, customer relationship platforms, digital networks,
etc. Customer interaction and integration, as identified in literature review and observed
in case studies, lead to increased service performance and productivity as well as
decreased lead times. Service interaction between service provider and service customer
in organizations thus lead to increased speed to market.

The increased digitalization of organization, as observed in the case studies, also support
to increase collaboration with the organizational environment. As examples highlight, case
study partners are able to increase supplier interaction and collaboration, development of
strategic partnerships (cooperation, alliances, spin-off organizations), conduction of
collaborative projects with FoF stakeholders (e.g. start-ups and entrepreneurs, consults),
development of new business models (in finance, rental services, etc.), adaption of
standards, change in technologies and awareness. It further increases the development of
competitive processes, practices and routines. Examples include the implementation of
additive manufacturing processes, predictive maintenance processes, big data and data
analytic processes, interconnectivity with organizational resources (e.g. machine to
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machine communications, human - machine interfaces, etc.), renewal, change and
adaption of organizational resources (exchange of old technologies), development of
software and software frameworks, automation/robotization of processes, development of
use cases, routines and best practices.

Knowledge transfer and collaboration towards the innovation and evolution
towards FoF

As the majority of the case studies highlight, networking, cooperation and collaboration is
major pillar in innovation and evolution towards a Factory of the Future. Networking,
cooperation and collaboration activities, as observed in case studies, consist on
development, maintenance and expansion of partnerships of all kinds: customer networks
to include the customer’s feedback, supplier networks and industry networks to tap
business innovation, research and development (R&D) networks and networks with
universities and research institutions to launch research projects, and many further more.
Pro-activity in R&D, as the case studies highlight, is essential within case study partner
organizations: as observed, the majority of case study partners perform internal and
external R&D projects as well as started to organize themselves in strategic R&D spin-off
organizations. The advantage of such spin-off organizations are the shared costs and risks
in research projects.

To pro-actively disseminate information, knowledge and expertise about emergent
technologies (towards increased digitalization in FoF’s), some case study partners provide
and maintain educational facilities, e.g. internal colleges and training centers. Within these
facilities, managers and employees get trained and educated about renewals and
innovation of particular organizations’ product, service and process level as well as
emergent (internet) technologies and trends. However, case study partners that do not
have the financial strength to run such educational facilities organize themselves, as
observed in the case studies, organize themselves in (internal/external) strategic
workshops, tailored working groups and business meetings (in cooperation with quadruple
helix actors, e.g. [25]). The implementation of an internal idea management could be
observed in one single case study. Such system can act as collection point for internal
system participants for ideas and innovation.

An important activity, as the case studies show, are the collaboration with entrepreneurs
and start-up organizations. People within these organizations, as the case study interviews
argue, are considered as innovative thinking people and can provide new approaches and
new solutions from a different perspective towards particular organizational challenge.
External collaboration and cooperation, as observed, is characterized by collaborative
projects, excursions and benchmarking. A case study partner in Austria, for example,
continuously invites befriended organizations for company excursion. In turn, this case
study partner takes advantages out of invitations in return. A common issue is the hiring
of appropriate managers and employees. As observed in the case studies, managers and
employees need mature skills and competences towards the FoF paradigm: IT, technology,
service thinking, system thinking, etc. Further activities, for example, include
experimentation (at home), hiring of eternal consultants, participation in research projects
(e.g. Interreg, H2020, etc.).

Conclusion

This article at hand is about a case study research about the Factory of the Future
paradigm in manufacturing section in the Alpine Space. Researchers of the Interreg Alpine
Space BIFOCAIlps project investigated into 96 organizations located in Austria, Germany,
France, Italy and Slovenia. This article at hand supports scholars and practitioners to
manage, engineer and design the system’s evolution towards a smart, technologically
mature, highly performing, environmentally friendly and clean as well as social sustainable
FoF.
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As already identified in the BIFOAIps project, critical success factors to evolve to a FoF are
strategy, technology, capacity for innovation, ecosystem support for innovation and skills
and change management [24]. However, this article goes beyond. By use of Grounded
Theory methodology for case study analysis, this article explore and describe the path how
an “ordinary” manufacturer and isolated production-islands evolve to a fully integrated
stakeholder. As the case study analysis turns out, IT and its infrastructure need to be
ready for new and emergent FoF technologies. Activities not only include the replacement
of hardware but also investments into re-design, re-work and optimization of software as
well as cloud-based technologies. Data, especially master data management must be kept
clean to effectively collaborate with FoF technologies (e.g. IoT, predictive maintenance,
additive manufacturing, virtual and augmented reality, robotics/cobotics, etc.). Also,
activities include the extension of systems: the shift from proprietary ERP systems towards
open, interactive and collaborative systems. This again enables the deepened cooperation
and collaboration with service customers, service supplies and the service environment as
source for increased service interaction and value co-creation. Further, important to evolve
to a FoF is to network, cooperate and collaborate in service partnerships, networks,
alliances and spin-offs. R&D spin-offs, as some cases highlight, enable to share financial
burdens and risks about the research into FoF technologies. However, a successful
implementation of the FoF paradigm requires the participation of all system participants:
top managers and employees as well as its continuously education, training and
qualification towards Factory of the Future technologies.

Outlook & future research

In continuation of this reserach at hand, the co-authors will further deep in into the
Industry 4.0 and Factory of the Future paradigm and will conduct a case study survey
about the Technology Maturity Level Index (TML) of organizations within the Interreg
Central Europe region. The TML, according to Schumacher et al. (2016) [26], is model
that can assist with the difficult task of reflecting on the current capabilities regarding
Industry 4.0 and the subsequent decision on respective strategies and action plans. This
research is supported by the 4Steps project - a project towards the research of the
application of Industry 4.0 in SMEs, increased flexibility in manufacturing, mass
customization, increased speed, better quality and improved productivity — to support the
successful implementation of smart specialization strategies and to apply Industry 4.0 to
all the industrial sectors identified by each regions [27].

Acknowledgement: the BIFOCAIps

This case study research is co-financed by the Interreg Alpine Space (2018) [11] project
BIFOCAIps. BIFOCAIps is an Industry4.0 and Factory of the Future related project with the
aim to boost innovation in Factory of the Future value chain in the Alps.

BIFOCAIps project is tackling a common challenge to many Alpine Space (AS) regions: due
to globalization, many enterprises in Manufacturing Sector (MS) are not as competitive as
wished in global markets, resulting in increased levels of unemployment, abandoned
facilities and remaining plants that need new products and new processes. On the other
hand, AS has a strong R&D sector and specialization on Industry 4.0 and Factory of the
Future (FoF) technologies. BIFOCAIps main objective is to boost collaboration and
synergies among main actors of the Alpine region innovation system for a sustainable,
smart and competitive development of the value chain of the MS towards the FoF. The
main outputs will be (1) a map of the MS at transnational level, to understand existing
and potential best practices and technologies along MS value chain; (2) a methodology for
enhancing FoF long-term sustainability through innovation and knowledge transfer and (3)
guidelines of strategic actions for policy makers based on an impact indicator system, to
monitor and allow evaluation of performance in line with regional smart specialization
strategies. PPs and target groups are relevant stakeholders in the field of Industry 4.0 and
FoF, which are involved in the policy-making affecting R&D and MS growth, in the MS
value chain and in the FoF research field. They will mostly benefit from project activities
and outputs. The innovative approach integrates a “bifocal” view (considering both upand
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down-stream value chain) and the transversal competences of the business, research and
policy actors at transnational level. It will allow to gather best case scenarios of the AS
and to integrate and implement them in the generalized methodology, which will build on
previous results and will be transferable at cross-national and cross-sectoral level aiming
to connect value chain and boost competitiveness of the whole AS in the long term. Find
more information under http://www.alpine-space.eu/projects/bifocalps/en/home
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Purpose

Internet of Things (IoT) connects numerous sensors, actuators and data processors, thus
provides solutions to problems arising from information asymmetries and complexities in
supply chains (Ng et al., 2015). Although the application of IoT will be the future of supply
chain management, the main barrier against implementing it still lies in inter-firm issues.
Despite the increasing importance of supply chain visibility, information sharing in practice
is not widespread, which can be attributed to trust and confidentiality issues (Ali et al.,
2017). Considering this problem, this paper aims to highlight opportunities and challenges
that can be posed by the adoption of IoT. More specifically, it investigates current logistics
practices where IoT is used and then analyses the examples through a supply chain
collaboration lens, by focusing on the impacts of this technology adoption across supply
chain entities.

Design/methodology/approach

Two case studies, including a case of using temperature control sensor and a case of
transporting a particle accelerator component, are conducted to depict in-use applications
of IoT in inter-firm settings. An analysis using a CIMO (Context-Intervention-Mechanism-
Outcome) framework highlights why and how technological advancement is needed and
to what extent supply chain entities can be affected by the IoT. Further analysis
demonstrates the benefits and risks of data sharing within a supply chain by the IoT
adoption. The data is collected via interviews, focus groups, and direct participant
observations.

Findings

IoT adoption is a practical solution to multiple logistics issues, spanning from monitoring
temperature fluctuations and mechanical shocks to knowing the precise delivery time and
route quality. However, its impacts were varied across supply chain entities because the
relevance and usefulness of the data depend on specific entities. In a similar vein, the
perception of benefits and risks from data sharing was different when involving costs for
investment and responsibilities for any logistics glitches. Consequently, several
propositions were drawn to discuss collaboration issues when IoT is adopted to logistics
operations.

Value

This paper addresses the issues arising from the IoT adoption, by taking a supply chain
collaboration perspective to identify the hurdles which lead to slow implementation of the
IoT in logistics through studying multiple case studies.

Research limitations/implications

The paper contributes to the emerging area of the IoT in logistics and supply chain
management by exploring the main issues behind implementing these practices across
companies in the networks. It will also provide relevant knowledge to on-going discussions
on the power asymmetry and failure in data sharing since the introduction of the Electronic
Data Interchange (EDI) (Webster, 1995).
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INTRODUCTION

Information and communication technology (ICT) has improved the efficiency, visibility
and safety of logistics and supply chain operations. One of the trends in logistics
management during the last decade was the Internet of Things (IoT) (Hoffman and Risch
2017). IoT connects numerous sensors, actuators and data processors, thus provides
solutions to problems arising from information asymmetries and complexities in supply
chains (Ng et al. 2015). A fundamental part of IoT in logistics systems is the connectivity
which is enabled by using smart tags such as RFID in combination with sensors to enable
items transmit data about their status and location in an automated or semi-automated
form. The changes created by IoT make disruptions to the value chain and create
significant new opportunities that makes companies rethink all their practices (Porter and
Heppelmann 2014).

On the other hand, ICT has increased complexities in supply chains and the dependence
of logistics operations on information systems (Trienekens et al. 2012). Despite the
increasing importance of supply chain visibility, information sharing in practice is not
widespread, which can be attributed to trust and confidentiality issues (Ali et al. 2017).
Indeed, several organisational factors affect the implementation of innovative information
technology in SCs mainly due to the integrated nature of supply chains including the
management of material, information and financial flows among multiple actors (Olhager
2002). As a result, risks as well as benefits related to implementation of inter-
organisational information systems are shared between actors of a SC (Hellstrém et al.
2011).

Supply chain collaboration thus holds a key to implementing IoT across a supply chain
mainly due to IoT’s property of information sharing. However, this very crucial aspect of
IoT is not explored in current literature. A large portion of IoT-based initiatives stay in pilot
level due to lack of collaboration which can be due to lack of compatibility of information
systems between companies or inter-organisational barriers such as lack of trust among
companies. To address the research gap, this paper aims to highlight opportunities and
challenges that can be posed by the adoption of IoT. More specifically, it investigates
current logistics practices where IoT is used and then analyses the examples through a
supply chain collaboration lens, by focusing on the impacts of this technology adoption
across supply chain entities.

INTERNET OF THINGS

Internet of things is built on the concept of smart objects which are complex systems that
combine hardware, sensors, data storage, microprocessors, software, and connectivity in
myriad wayside (Porter and Heppelmann 2014). One advantage of IoT is providing higher
levels of inter-organisational track and trace which leads to more control on the flow of
transported objects including products, packages, load units and vehicles through different
logistics processes (Shahin 2010). ‘Smart’ or ‘Intelligent’ products and vehicles are the
concepts and phrases created to describe the potential of technologies such as RFID, global
system for mobile communications/global packet radios services (GSM/GPRS) and web
technology to create high-level tracking and tracing of transportation objects (Meyer et al.
2009). These technologies have different advantages and weaknesses and companies
select them based on a variety of criteria including the readability, data storage
capabilities, compatibility with the information systems they are using and of course the
costs associated with using them. They are not just used by companies for management
of internal operations, such as inventory and warehouse management, asset
management, loading or unloading (Buyurgan et al. 2010), but also used in inter-
organisational operations (Kelepouris et al. 2007).

An important aspect of IoT is the information architecture which enables control of the

movement of objects among different facilities owned by different companies in a SC (Xu
2011). To create IoT in inter-organisational environments, therefore, enabling tracking
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and tracing objects will entail a system to store information about products throughout
the SC and to enable data sharing between companies and their information systems
(Cimino et al. 2005). Several studies have investigated applications of RFID and
opportunities created by using it for effective and efficient tracking and tracing (Kelepouris
et al. 2007; Costa et al. 2013). Although it is proven that application of RFID can lead to
different types of improvements for different processes, its adoption is still limited because
of various technical and economic obstacles related to it (Costa et al. 2013). Information
sharing in the inter-organisational context is one of the challenges.

INFORMATION SHARING IN SUPPLY CHAIN

Information sharing in a supply chain can provide clear benefits in various ways.
Information is one of inventory reduction enablers, which can minimise stock level with
better forecasting and collaborative planning (Lee and Whang 2004). Bullwhip effects can
be also prevented if the vendors have sufficient information on the actual sales data. In a
similar vein, response time to customer’s requirements can be considerably reduced while
increasing the overall operational performance of a supply chain (Lee et al. 2010). In these
studies, information sharing has been regarded as one of virtues that supply chains should
pursue. Studies on supply chain collaboration also emphasises the importance of
information sharing as a driver of a successful collaboration. For instance, representative
collaboration concepts, such as Collaborative Planning Forecasting and Replenishment
(CPFR), Efficient Consumer Response (ECR), Vendor Managed Inventory (VMI),
Collaborative Transportation Management (CTM) and Continuous Replenishment (CR), will
essentially require information sharing between supply chain partners.

However, other researchers have also identified barriers and challenges that firms will
encounter when information will be shared. There are two notable studies which
comprehensively suggested these information sharing barriers. Firstly, Pujura et al. (2011)
reviewed literature and identified 11 main factors that inhibit information sharing, and
then proposed a hierarchical structure of these factors using interpretive structural
modelling. This research showed that lack of top management commitment and poor
understanding of SCM concept are fundamental reasons for information sharing failure.
These can in turn lead to lack of strategic planning, lack of organisational structure, lack
of culture and lack of IS/IT as driver barriers. These factors affect dependent barriers,
such as lack of integration guidelines, lack of information flow, lack of trust, lack of
understanding cost sharing benefits and lack of SC measures. Secondly, Khurana et al.
(2011) created six categories for 40 information sharing barriers, which are managerial
barriers, organisational barriers, financial barriers, technological barriers, individual
barriers and social-cultural barriers. In their analysis using fuzzy-AHP, it was found that
financial barriers are the most critical factor followed by technological and organisational
barriers.

METHODOLOGY

Two case studies are conducted to depict in-use applications of IoT in inter-firm settings.
In these two case studies, a special telematics tracking device was used as an example of
IoT. An analysis using a CIMO (Context-Intervention-Mechanism-Outcome) framework
highlights why and how technological advancement is needed and to what extent supply
chain entities can be affected by the IoT. Further analysis demonstrates the benefits and
risks of data sharing within a supply chain by the IoT adoption.

The first case study is about wine transportation from Bulgaria to Sweden. Vineyard A in
Bulgaria produces around 25 tons of grapes every year, which is sufficient for making
20,000 bottles of wine. The wine is trucked from Bulgaria by a transportation company to
its distribution centre in Sweden, covering more than 3,000 km and very different ambient
conditions. To ensure the quality of wine, this company has adopted a telematics tracking
device which is connected to the main database, to check the real-time temperature of
shipment. The second case study is about transportation of components for particle
accelerators from Sweden to France. Particle accelerator components are extremely

24th ISL Wirzburg, Germany, 14th — 17th July 2019 208



sensitive to mechanical shocks, making it very challenging to ship the components over
long distances. To minimise the exposure to shocks, the components are placed carefully
on a rig standing on shock absorbing bumpers. Still, to assure the quality, the sender and
receiver must show that the components haven’t been exposed to any shocks during the
shipment. This evaluation can be possible by a special telematics tracking device on the
truck which can store and transmit the shock data to the database.

ANALYSIS - CASE 1
Quality wine is an expensive product that needs to be handled correctly in the entire way
from production until consumption. To preserve the quality of the wine, it shall not be
exposed to temperatures outside the range between +18 °C to +28 °C, which is relatively
easy to achieve during warehouse storage. However, ensuring full temperature control
during the entire shipment, including load and unload operations, is often more challenging
and costly. To ensure that the quality of the wine is not reduced during the transport,
Vineyard A needs visibility into transport-related temperature variations and movements.
The temperature is monitored to detect any deviations outside the allowed +18 °C to +28
°C range. Having access to near real-time information about the wine shipment’s position
is important to ensure a high delivery precision. Knowing exactly when the products arrive
means that the unloading process can be optimised, and the products can be directly
moved into proper storage conditions.
In this case, temperature and GPS position data were reported from a telematics tracking
device. The device was capable of measuring temperature and position at a user defined
sampling rate. Data from the T&T device was automatically sent via GPRS to a web-based
application, giving near real time updates on the shipment parameters. Figure 1 shows
the visualisation of the data which were transmitted to the database. This case shows that
below benefits of having this IoT were realised:
 Increased position visibility made it possible to verify the operations of the
transportation company and to inform the distribution centre about the upcoming
delivery; and
e The product quality could be ensured by monitoring its temperature along the
entire supply chain.

TEMPERATURE & PRESSURE
d f 00:00 (HH:MM)

2016-SEP-18 15:52 UTC
Romania
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Figure 1: Visualised temperature data of Case 1

Qualitative interviews with entities in this SC were followed to analyse this shipment by a
CIMO framework (see Table 1). Context (C) here means problems encountered by this SC,
and Intervention (I) is the solution to the context, invoked by Mechanism (M) and resulting
in Outcome (0O). The contexts, interventions and mechanism are clear-cut in this case.
Firstly, the case company spotted fluctuations in temperature whilst transport, thus tried
to intervene this situation with real-time temperature measurement via an installing
temperature sensor. Secondly, unreliable delivery time was another problem, which can
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be fixed by information on real-time truck positions that can

GPS sensor.

be obtained by installing a

Context (C)

Fluctuation of temperature
during transport

Unreliable delivery time

Intervention (I)

Real-time temperature

Real-time vehicle position

measurement data
Mechanism (M) Installing a temperature Installing a GPS sensor
sensor
Outcome Shipper Quality of shipment Clear liability for delay in
(0) Clear liability for cargo cargo delivery
damage
Transport More care for cargo Increased delivery
Company temperature reliability
Consignee Quality of shipment Better prepared for
product reception

Table 1: CIMO analysis of Case 1

However, the outcomes were varied for entities in this supply chain. For instance, shippers
and consignees can ensure quality of shipment by checking real-time temperature data.
If the temperature is kept within 18-28 °C, they can conclude that there was no damage
to the product during the transit. In a similar vein, this data can clarify who should be
liable for cargo damage. This can help reducing unnecessary disputes between shippers
and consignees. Also, the location data can make consignees better prepared for product
reception. This means that they can save time and money by allocating an appropriate
bay and space in a warehouse based on the precise delivery time. On the contrary,
transport companies will not have obvious benefits from this data sharing. As an indirect
effect, service level can be increased because they will be more aware of cargo
temperature and transit time. However, sharing of real data including low performance
can lead to liability issues and losses of customers. In addition, transporter companies’
performance can be easily evaluated by the data, which means any faults or defects in the
sensor can invoke false blames.

ANALYSIS - CASE 2

Quantitative data for this case was collected using a similar set-up as described in the
above case. A telematics tracking device capable of measuring acceleration and GPS-
position at a user defined sampling rate was mounted onto the particle accelerator
component cradle. Acceleration was used for measuring mechanical shocks. While
temperature changes are slow and continuous in its nature, mechanical shocks are
unexpected and disruptive. Hence measuring the acceleration with a constant sampling
rate is very unlikely to capture any events (the shock must coincide with the sampling).
This was overcome by having the device to continuously measure the acceleration and
report it at either the set sampling intervals or when its value exceeds a predefined
threshold.

Figure 2 shows the example of pressure data captured over time. Acceleration, pressure,
position and time can be analysed at the same time by combining this data with GPS data.
The key findings were summarised as below:
¢ The system continuously monitored and determined that no excursions in terms
of mechanical shocks exceeding the thresholds occurred during the entire
transport, thereby ensuring the quality of the product; and
¢« The system successfully notified the personnel at the destination of the upcoming
delivery.

24th ISL Wirzburg, Germany, 14th — 17th July 2019 210



TEMPERATURE & PRESSURE 30:00
00:00

Paris

v CHART LEGEND

¥ GEOGRAPHICAL AREA TRANSITS

Figure 2: Visualised Pressure Data of Case 2

Subsequent interviews were analysed by a CIMO framework. There were three problem
contexts identified in this case; (1) mechanical shocks during transit, (2) lack of knowledge
on route quality and (3) unreliable delivery time.

Context (C) Mechanical Lack of knowledge on Unreliable
shocks during route quality delivery time
transit
Intervention (I) Real-time Real-time positioning Real-time
measurement combined with shock positioning
of mechanical measurement
shock
Mechanism (M) Installing Installing GPS sensors Installing GPS
acceleration coupled with sensors
sensors accelerator sensors
Outcome Shipper Quality of None None
(0) product
Transport None Route decision Increased
Company delivery reliability
Consignee Quality of None Better prepared
product for product
reception

Table 2: CIMO analysis of Case 2

In a similar vein to Case 1, the outcomes are found to be different across the entities in
this supply chain. The sensor can record mechanical shocks during the transit by installing
acceleration sensors. This can ensure the quality of the product from the shipper’s and
consignee’s viewpoint, but there were no clear benefits to the transport company; rather
this information can be used to seek liability of the transport company. On the other hand,
knowledge on the route quality acquired by GPS sensors coupled with accelerator sensors
can enable transport firms to find the safest route to transport the product. Real-time
positioning data collected by GPS sensors can increase delivery reliability for transport
companies and make consignees to be better prepared for product reception.

DISCUSSION AND CONCLUSION
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IoT adoption is a practical solution to multiple logistics issues, spanning from monitoring
temperature fluctuations and mechanical shocks to knowing the precise delivery time and
route quality. However, its impacts were varied across supply chain entities because the
relevance and usefulness of the data depend on specific entities. In a similar vein, the
perception of benefits and risks from data sharing can be different when involving costs
for investment and responsibilities for any logistics glitches. Table 3 summarises the
benefits and risks in each data sharing situation discussed in previous cases.

Case Data sharing Data sharing benefits Data sharing risks
Demand
1 Shipper data shared | All stakeholders can be | Defects/faulty
with consignee confident with the quality of | calibration of the T&T
the delivered product by | sensors can lead to
having the data collected from | false blames.
the transport company.
Shipper and | The distribution centre knows | Truck drivers will be
distribution centre | exactly when the wine arrives | under pressure to
share data collected | based on the shared data | meet the estimate time
by the transport | from the transport company of arrival.
company
2 Transport company | By being handed data from | Defects/faulty
data shared with | the transport company, the | calibration of the T&T
research and test | research and test facility can | sensors can lead to
facility be confident that the | false blames.
components are intact after
the transport.
Transportation The distribution centre knows | Truck drivers will be
company data shared | exactly when the product |under pressure to
with consignee arrives based on the shared | meet the estimate time
data from the transport | of arrival.
company

Table 3: Benefits and risks of data sharing

Adoption of IoT can pose several challenges at the intra- and inter-organisational levels.
Within an organisation, IoT can create data management challenge, data mining challenge,
privacy challenge, security challenge and chaos challenge, to name a few (Lee and Lee
2015). The challenges at the inter-organisational level will include these intra-firm
challenges, but one critical difference can be found. According to Yates and Benjamin
(1991) in their old research on EDI, this challenge is referred to as ‘virtual vertical
integration’. In line with this, Webster (1995: 39) argued that: “Proprietary EDI systems
may be part of a strategy used by corporations to establish or reinforce domination over
their trading partners, who are required to use the proprietary system and trade on the
terms dictated by the hub company. This strategy can be linked to the classic strategy of
vertical integration. It replicates the control of the vertically integrated organization,
without actually requiring the ownership of subordinate companies. Instead, control over
these subordinate trading partners can be achieved through electronic linkages.” This
argument will be still valid even when ‘EDI’ is replaced with ‘IoT".

Information sharing in supply chains is inhibited mainly by two factors; one is data
availability and the other is data sensitivity. Data availability issues stem from
incompatible database, lack of information sharing culture, insufficient investment in
database and so on. Data availability can be dramatically increased if IoT is adopted to
supply chains because real-time data sharing can be realised with interactions of sensors
and a platform to interface data from sensors. Contrarily, data sensitivity issues are
grounded on data confidentiality, mistrust, short-term commitments and liability risks. As
can be seen in the previous cases, entities in the supply chains have different levels of
benefits and risks. In particular, transport companies will see less benefits; furthermore,
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their employees (truck drivers) will be under great pressure due to real-time information
sharing. In fact, every reefer container has already equipped a temperature recorder so
that reefer experts can monitor and control the temperature. However, this data will not
be readily available to customers even upon request because this data can be used for
critical evidence for cargo claims in transactional relationships.

This does not mean that adoption of IoT will be far-off due to data sensitivity issues. Rather,
it emphasises that there will be two approaches to adopting IoT in a supply chain. The first
approach is that a powerful entity in a supply chain coercively invite other members to IoT
acceptance. The second approach is that IoT is adopted to established supply chain
partnerships where the data can be utilised for aligned goals and performance
improvement. As a consequence, IoT adoption cannot be just technological advances, but
also be a matter of supply chain collaboration because collaboration means “diverse
entities working together, sharing processes, technologies, and data to maximise value
for the whole group and the customers they serve” (Foster and Sanjay 2005:31).

This paper addresses the issues arising from the IoT adoption, by taking a supply chain
collaboration perspective to identify the hurdles which lead to slow implementation of the
IoT in logistics through studying multiple case studies. The paper contributes to the
emerging area of the IoT in logistics and supply chain management by exploring the main
issues behind implementing these practices across companies in the networks. It will also
provide relevant knowledge to on-going discussions on the power asymmetry and failure
in data sharing. Future research can expand this discussion in different settings of IoT
adoption and find out solutions to information sharing across the supply chain.
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Purpose

The market size of Cross-Border E-Commerce towards China is rapidly expanded. Many
Japanese retailers try to enter it. On the other hand, this change showed up some
problems on custom clearance. Therefore, Chinese government revised custom
institutions. Some logistics service providers modify their support system to fit these
changes for retailers. This paper analyzes current situation of Cross-Border E-Commerce
from Japan to China and some Cross-Border E-Commerce support models, and then we
examine appropriate commodity for each model.

Design/methodology/approach

Firstly, we survey current situation of Cross-Border E-Commerce researches in Japan and
China. Based on these researches, we construct some types of Cross-Border E-Commerce
logistics system. Each model has characteristics of logistics and marketing. We analyze
what kind of commodity fit each model from logistics and marketing perspective.

Findings

We define 4 types of Cross-Border E-Commerce support models (EMS, Bonded Area,
Consolidated Air -Chinese EC site- and Consolidated Air -Japanese EC site-) based on
JETRO (2016). In Cross-Border E-Commerce market toward China, it is said that large
part of it is EMS model. However, it is difficult to check custom clearance of a lot of EMS.
Chinese custom tries not to miss collecting taxes by promoting other 3 types of models.
In this paper, we focus on these models.

The advantages of Bonded Area model are short lead-time, low cross-border logistics cost
and big ability to attract consumers (This is because Bonded Area is mainly used Chinese
E-Commerce retailers such as Alibaba for Cross-Border E-Commerce). On the other hand,
the disadvantage of that are high inventory cost, risk of unsold inventory and management
cost for EC site. Therefore, appropriate items of this model are top selling and large volume
(or heavy weight) such as paper diaper.

The advantages of Consolidated Air are low inventory cost and risk of unsold inventory.
The disadvantage of that are long lead-time, high cross-border logistics cost. In the case
of Chinese EC site, big ability to attract consumers is also advantage and high management
cost for EC site is also disadvantage. In the case of Japan site, management cost is low
but small ability to attract consumers. Therefore, momentary trend items which has
enough volume of sales to manage Chinese popular EC site are fit for Consolidated Air -
Chinese EC site- model. In the case of Consolidated Air -Japanese EC site- model, niche
items are suitable.

Value

This paper suggests international logistic model of Cross-Border E-Commerce for Japanese
E-Commerce retailers and logistics service providers. Cross-Border E-Commerce market
situation toward China is drastically changing. Therefore, we hope this paper is valuable
not for current market participants but for potential ones.

INTRODUCTION
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Recently, many E-Commerce (EC) retailers expand not only their domestic
customers but foreign ones. This movement is caused by consumers’ demand to purchase
foreign products which is sold more expensive price or rarely sold in their country, so-
called “Cross-Border EC".

Especially, the market size of Cross-Border EC towards China is rapidly expanded.
Many Japanese retailers try to enter that attractive market. However, there are some
logistics problems in Cross-Border EC even if the distance between Japan and China is not
so long. Moreover, this market expansion also shows up some problems on custom
clearance. Therefore, Chinese government revised custom institutions. Some logistics
service providers modify their support system to fit these changes for Japanese retailers.

This paper analyses current situation of Cross-Border EC from Japan to China and
some Cross-Border EC logistics support models, and then we examine appropriate
commodity for each model.

DEFINITION OF CROSS-BORDER EC

European Commission defines Cross-Border EC as “any purchase made by
consumers from retailers or providers located in a country other than the country in which
a particular consumer is resident” in European Commission(2008). This definition includes
purchase of goods or services from foreign retailers or providers via online shopping site.
However, it does not include purchase of foreign them from ones located in a country
where consumer is resident.

On the other hand, Ministry of Economy, Trade and Industry of Japan (METI)
defined Cross-Border more widely. METI's definition adds distribution styles such as
purchase made by consumers from their domestic retailers or providers. This is because
that some sales of Japanese goods provided as Cross-Border EC by Chinese online
shopping site even if those goods were entered in China through general trade.

Our research objectives are clarification of logistics problem in Cross-Border EC and
analyse logistics support models from Japan to China. Thus, our target is Cross-Border EC
for goods. In addition, we define Cross-Border EC based on European Commission(2008).
However, we add distribution style via Bonded Area to that definition in this paper. This is
because that some Chinese trade and tax policies are determined by custom clearance

type.

CROSS-BORDER EC MARKET BETWEEN JAPAN AND CHINA
Chinese Cross-Border EC Market

World EC market becomes bigger and bigger. Above all, China is the biggest EC
market in the world. According to METI(2019), Chinese B to C EC market size is $1,526.7
billion. It is approximately three times bigger than United States one (Figure.1l). In
addition, China is also highest retail EC sales ratio. According to eMarketer(2016), China
is also highest retail EC sales as a percentage of total retail in 2015 (15.9%).
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Figure.1 World B to C EC Market 2017/2018
Source: METI(2019), Original data is eMarketer, Nov2018

Cross-Border EC market (Purchase) size is approximately $189 billion in 2015
according to UNCTAD(2017). In 2015, United States and China are two big market in
Cross-Border EC market. Now, the estimation of China may bigger than United States
(that of Japan is only $2 billion) (Figure.2). Paypal and Ipsos(2018) also suggests 42%
Chinese respondents have purchased goods via Cross-Border EC, compared with United
States (34%) and Japan (6%). Thus, China is both the biggest Cross-Border EC market
and has the potential for further development.
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Figure.2 Estimate of Cross-Border B to C EC Purchases, 2015
Source: UNCTAD(2017)

According to Japan External Trade Organization (JETRO) (2018), Chinese
consumers purchased Japanese goods because of following reasons (multiple answers),
“The goods are not sold at Chinese store.” (69.1%), “Lead time is short.” (45.0%), "I think
the goods are not imitations.” (42.6%), “I have been influenced by reviews of friends and
so on.” (24.8%), "I purchased the goods during my Japan trip and I have liked them from
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that time.” (21.6%) and “The prices of goods are cheap.” (17.9%). In addition, that survey
also shows that Chinese consumers think following factors are important when they use
Cross-Border EC, “Quality” (69.6%), "Brand” (58.6%), “Safety” (56.8%), “Price” (54.5%),
“Reviews” (11.6%). These questionnaires suggest that Chinese consumers think quality
and rarity are more important than price.

Japanese Cross-Border EC Suppliers

JETRO(2019) suggests that 52.8% of firms which have used EC for sales answered
have used it for overseas sales in FY 2018 (the previous survey rate of which is 47.2%).
Breaking down the overseas sales, 40.3% of firms have used Cross-Border EC sales from
Japan to overseas markets, an increase of 9.4% over the previous survey (Figure.3).
Among 1,025 firms, the number of Large-scale ones is 187 and that of SMEs is 838. The
Cross-Border EC utilization proportion of the Lage-scale firms is 27.8% and that of SMEs
is 43.1%.

H (o)
(Multiple answers, %) o 2006 40% 60% 80% 100%

o,
Domestic sales in Japan M 81.1%

78.6%
P 47.2%
Sales to overseas markets 52.8%

Sales from Japan to [ 30.9%

overseas markets 40.3%
N 22.8%
Sales at overseas bases 22.8%
mFY2016
0 (n=731)
2.9%
No answer 2.7% FY2018
n=1025
Note: n= firms they have used e-commerce for sales. ( )

Figure.3 Status of EC utilization among Japanese Firms
Source: JETRO(2019)

Japan is not bigger Cross-Border EC consumer’s market than China. However,
Japan is one of the biggest suppliers because of selling to Chinese consumers. According
to China (Hangzhou) Cross-Border E-Commerce Comprehensive Pilot Area(2018) and
Baidu(2019), most Chinese respondents answered that they have purchased goods from
Japan.

CHANGE OF CUSTOMS CLEARANCE SYSTEM

Cross-Border EC is one on of private import transactions. Thus, goods which are
purchased by foreign consumers are taxable. In the case of Cross-Border EC toward China,
goods were mainly transported to China by EMS (Express Mail Service). EMS inspection is
not more rigorous than general cargo one. Consequently, there are a lot of tax dodges
because of evading inspection. Moreover, in many cases, the parcel tax rate is lower than
tariffs one. In addition, goods were imposed only the parcel tax instead of tariffs and not
imposed Chinese domestic VAT (value added tax). These customs situations caused
missing tax collection to Chinese government and unfair competition between Chinese
domestic firms and foreign ones.

Because of these reasons, Chinese government released “Notice on Taxation
Policies for Cross-Border EC Retail Imports” in April 2016. It shows that Chinese
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government basically restricted type of goods (only goods described in Positive List) and
Cross-Border EC scheme toward China to official transaction (Bonded Area type and
Consolidated Air type) which Chinse customs house can monitor imported goods and tax
rates. However, there still exist Cross-Border EC by EMS because a lot of small retailers
such as students studying in Japan sell goods through online shopping site or SNS (Social
Networking Services).

That notice suggested that Chinese government applied to new tax policy “Cross-
Border EC Comprehensive Tax Policy” and then, added some modifications in January
2019. Prior to April 2016, Cross-Border EC purchases in reasonable quantity for personal
use would be treated as personal parcels subject to parcel tax at rate of 10 percent, 20
percent, 30 percent, and 50 percent, depending on the type of goods. The parcel tax was
exempted if the payable tax amount was lower than RMB 50 (US$7.5). Comprehensive
Tax Policy shows maximum purchase amount through Cross-Border EC is changed from
1,000 (approximately US$ 150) to 2,000 RMB (US$ 300) per single trade and set annual
maximum purchase amount as 20,000 RMB (US$ 3,000). Maximum purchase amount was
increased to 5,000 RMB (US$ 750) per single trade and annual maximum purchase amount
was increased to 26,000 RMB (US$ 3,900). In addition, in that new policy, tax exemptions
are no longer available (the parcel tax remined and added some modifications).

Table.1l Cross-Border EC Tax Policy

Old Policy New Policy
(before April 2016) (After April 2016)

2,000 RMB (single trade)
(20,000 RMB per year)
Maximum Purchase Amount 1,000 RMB (single trade) *From Jan 2019
5,000 RMB (single trade)
(26,000 RMB per year)

All goods other than
Goods Available for Trade prohibited ones by Depending on Positive List
government

Cross-Border EC

Tax Policy Parcel Tax Comprehensive Tax
Exemption
Payable Tax Amount (amount of tax is less than Nothing
50 RMB)

Source: JETRO(2016)

In Comprehensive Tax Policy, imported goods are imposed VAT and luxury tax
instead of the parcel tax. As of May 2019, tariffs are not imposed on (0%) and VAT and
luxury tax rates are 70%. As a result, Comprehensive Tax Policy’s tax rates are generally
less than the parcel tax ones (Table.2).
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Table.2 Cross-Border EC Tax Rates

e New Tax System (from April 2016)
Cli?;s'f(')%iltéon Price OI;jNZaorfgl?',l'fx New Parcel Tax Cross-Border EC
9 ' (EMS) Comprehensive Tax
~500 15% (Exemption if
Exemption the amount of tax is %120
Food, Baby RMB less than RMB50) VAT*13 /2><
£01 : : 0.7=9.1%
RMB~ 10% 15%
30% (Exemption if
Apparel, ~250 . .
Home RMB Exemption the amount of tax is VAT13% X
. less than RMB50)
Electrical 551 0.7=9.1%
i 0, [o)
Appliance RMB~ 20% 30%
~100 60% (Exemption if
RMB Exemption the amount of tax is (VAT13%+luxury
Beauty less than RMB50) tax30%) X
101 o o 0.7=30.1%
RMB~ 50% 60%

*: VAT in China is changed from 17% (before May 2018) to 16% (May 2018 ~ April 2019)
and to 13% (After April 2019).
Source: China State Taxation Administration (2019), JETRO(2019)

LOGISTICS SUPPORT SERVICES FOR CROSS-BORDER EC

Figure.4 Classification of Cross-Border EC Logistics Support Model
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Source: JETRO(2016)

219




