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AGENDA | THURSDAY 29 SEPTEMBER

09.00 Registration and refreshments

09.30 Welcome and introduction: Dr Jagjit Singh Srai, Head, Centre for International
Manufacturing, IfM, University of Cambridge

09.45 Digital factories: new opportunities for managing uncertainty and variation
Denis Malone, Global Advanced Manufacturing Manager, ABB

10.30 Refreshments
11.00 Digital-technology enabled S&OP process for integrated manufacturing and supply
networks

Haydn J Powell, Global Supply Chain Manager, Caterpillar inc

11.45 They picked it before you've clicked it
Catherine McDermott, Operations Director, Celesio UK, formerly UK Supply Chain
Director, Amazon UK

12.30 Lunch and networking

13.45 IKEA Industry: supply chain of the future
Per Berggren, Industrial Strategy Manager, IKEA Industry

14.30 Wavin Group perspective on digitization
Richard van Delden, Executive Director Supply Chain, Wavin

15.15 Refreshments

15.45 Integrated supply chain in the cloud
Mark Darbyshire, Vice President, HANA Cloud Platform, SAP

16.30 Setting the future research agenda
17.15 Wrap up and close of session

19.00 Symposium Dinner at St John'’s College



AGENDA | FRIDAY 30 SEPTEMBER

08.30 Registration and refreshments

09.00 Digitalizing the manufacturing enterprise of the future: insights from 20 years of
technology research

Ken Boyer, Professor of Operations Management, Fisher College of Business, Chair,
Department of Management Sciences, Ohio State University

Tool or toy? Generating economic value from additive manufacturing
Matthias Holweg, Professor of Operations Management, Said Business School, University
of Oxford

Intelligent industrial automation in factories and elsewhere
Professor Duncan McFarlane, Head, Distributed Information and Automation Laboratory,

University of Cambridge
11.00 Refreshments
11.30 RESEARCH THEMES | SESSION ONE

Digital supply chains - special session
Sustainability - special session
Global manufacturing and China - special session

13.00 Lunch

14.00 RESEARCH THEMES | SESSION TWO

Network design |

Digital transformation |

Digital value networks |
Sustainability |

Global manufacturing and China |

15.30 Refreshments

15.45 RESEARCH THEMES | SESSION THREE

Network design Il

Digital transformation Il

Digital value networks II
Sustainability Il

Global manufacturing and China Il

17.00 Close



RESEARCH THEMES | SESSION ONE: 11.30

Digital supply chains (Chair: Bart MacCarthy)

Special session

Digitisation (or digitalisation), combined with changes such as the cloud, the internet of things and the availability of big data,
will affect many aspects of future supply chain design, configuration and location. Supply chain relationship management,
supply chain coordination and control, and order fulfilment processes will be equally affected. The panel session will explore
these themes and present perspectives on how these changes will affect future supply chains.

Speakers:

Bart MacCarthy, Professor of Operations Management, Nottingham University Business School, Digitalisation and supply chain
monitoring, Data rich supply chains present increased opportunities for prime supply chain entities to monitor both individual
supplier performance and the performance of a supply network. The contribution will discuss how time compression in data
transmission matched with appropriate methods, models and techniques will enhance the ability of the prime to detect poor
performance, whether delivery or quality, identify routes for improvement and recovery and opportunities for development.

Jagjit Singh Srai, Head of Centre for International Manufacturing, IfM, Cambridge University, Contextualising digital supply
chains - perspectives from academia and industry, Conceptualizing the digital supply chain, Experimentation in digital supply
chains - some examples regarding patient centric Pharmaceuticals, Emerging digital scenarios — observations from industry

Steve New, Assoc. Prof of Operations Management, Said Business School, Oxford University, Digital Governance, Supply chains
and provenance; supply chain transparency; right-to-know; privacy; supply chain security; big data; cloud computing. How
much should organizations know about their extended supply base, and how much should they tell?

Constantin Blome, Professor of Operations Management, University of Sussex, Sustainability and digitisation
Antony Paulraj, Professor of Operations Management, University of Manchester, Supply chain contracts and finance

Nishikant Mishra, Assoc. Prof of Operations Management, University of East Anglia, Digital Product Design and Order
Fulfilment

Sustainaibility (Chair: Arild Aspelund)
Special session
Speakers:

Professor Peter Ball, The University of York. Peter is professor in operations management and is an expert in how operations
can be designed and improved. Application areas span manufacturing, supply chain and services.

Dr Mukesh Kumar, University of Cambridge. Mukesh is university lecturer in operations management and does his research on
risk, resilience and sustainability in the area of manufacturing and supply network research.

Associate Professor Malena Ingemansson Havenvid, Norwegian University of Science and Technology. Malena does research
on technology development and innovation in manufacturing firms. Her main interests are how interaction in business net-
works affects the achievement of sustainable innovation.

Professor Arild Aspelund, NTNU. Arild is professor in International Marketing and is engaged in research on green innovation
and sustainability among international manufacturers.

Through short presentations of experienced sustainability researchers and an open round table debate, we seek to set the
future course for research in sustainable manufacturing and sustainable supply chains.

Global Manufacturing and China (Chair: Yongjiang Shi)

Special session

Speakers:
Mr. Jack Lyu - Incentive mechanisms to drive perpetual motion in enterprise development

Mr. Jack (Ke) Lyu is a Vice President of Human Resource Management Department, Executive Secretary of Human Resources
Committee of Huawei Technologies Co., Ltd.

Mr. Tian Tao - The third road: an institutional experiment from a Chinese company

Mr. TIAN Tao is an advisor of the Huawei International Advisory Council, Co-Director of the Huawei Management Research
Institute at Zhejiang University, and a tutor at the New Hua Du Business School




RESEARCH THEMES | SESSION TWO: 11.30

Network Design | (Chair: Harri Lorentz)

Situation awareness as a building block of purchasing and supply management capability

Harri Lorentz

Skills design of home delivery operations by tricycle: For improving service quality in last mile stage
Koichi Murata, Hiroshi Katayama

Linking government policy and supply network capabilities for design and transformation of supply chains - an
investigation into interventions, configuration and influences

Arsalan Ghani, Jagjit Singh Srai

Digital Transformation | (Chair: Laird Burns)

Mastering the digital transformation requires excellence in fundamentals: Partial effectiveness in supply chain design can
be expensive
Laird Burns & Fan Tseng

How is Big Data Transforming Operations Models in the Automotive Industry: A Preliminary Investigation

Gary Graham, Patrick Hennelly, Bethany Tew, Royston Meriton

A decision support model for the market development process for emerging markets in the automotive industry

Thillai Sivakumaran, Lia Heyne, Michael Toth

Digital Value Networks | (Chair: Ettore Settanni)

Assessing the economic connectedness of the UK pharmaceutical and digital sectors by Input-Output Analysis

Ettore Settanni, Jagjit Singh Srai

The role of digital technologies in the innovation of collaborative networks: the case of the ornamental stones in Portugal

Agostinho M. Antunes da Silva. J. M. Vilas-Boas da Silva, Isabel Duarte de Almeida

Digital Global Value Chains and the alternative upgrading path: innovation with end-user
Evodio Kaltenecker and Afonso Fleury

Sustainability | (Chair: Arild Aspelund)
Sustainable manufacturing: steps for leading organisational change
Peter Ball

CEO’s Motivation and Leadership Style: Effects on Sustainability Practices in Manufacturing Firms
Ann Elida Eide, Erik Andreas Saether, and Arild Aspelund

Can Life Cycle Product Communication Contribute to Greener Business Models?
Marit Moe Bjgrnbet

Global Manufacturing and China | (Chair: Yongjiang Shi)

How Huawei Transformed R&D Management: A Process-based Model

Lanhua, Li & Bin Guo

Someone Rises Someone Falls: Exercise of Dynamic Capability vs ad hoc Problem Solving when Facing Similar Challenge
from Intellectual Properties

Haoyu Zhang, Xiaobo Wu, Hongqi Xu

Financial management transformation in Huawei

Xiao Chen & Can Huang

Collaboration behaviors in the development of telecommunication standards: a perspective of patent network analysis
Haoyu Zhang, Huijun Shen




RESEARCH THEMES | SESSION THREE: 1545

Network Design Il (Chair: Naoum Tsolakis

Modelling ‘Green’ Paracetamol Supply Chain Operations Defined by Renewable Chemical Feedstocks in England: A System
Dynamics Analysis

Naoum Tsolakis, Jagjit Singh Srai

Exploring Interdependence and Industrial Dynamics in the Business Ecosystem of the Chinese Rare Earth Industry

Yinjie Zhou & Yongjiang Shi

International Operations Management (IOM) of Multinational Corporations (MNCs): to pursue a holographic
understanding for their IOM network systems

Xingkun Liang, Yongjiang Shi

Digital Transformation Il (Chair: Mukesh Kumar

Big Data and Supply Chain Management: A Marriage of Convenience?

Royston Meriton and Gary Graham

Digitalisation of Supply Chains: A dynamic capabilities perspective
Denis Niedenzu, Mukesh Kumar, Rengarajan Srinivasan

Towards the development of cyber-resilient supply chains

Sunil Sarferaz, Mukesh Kumar

Transfer Activities of Lean Management to Other Industries -Transplanting Heijunka Concept for Leanised Operations
Hiroshi Katayama

Digital Value Networks Il (Chair: Mark Phillips)
Convergence in health and medical technologies: the development of new value networks
Mark A Phillips, Jagjit Singh Srai

Developing a model to conceptualise a more digitally connected pharma/healthcare value network

Tom Burge, Tomas Harrington

Customer Value Assessment in Pharmaceutical Industry
Leda T Todorova-Aleksieva

Sustainability Il (Chair: Arild Aspelund)

Understanding the role of Sustainability in Mergers & Acquisitions from the perspective of Supply Chain Management —
How green is the deal?

Pavan Manocha, Jagjit Singh Srai and Mukesh Kumar

The Emerging Market Manufacturing Business Groups (EMBGs) and the Interplay between Innovation in Environmental
Sustainability, Digitalization, Internationalization and Corporate Governance Structures: The Case of Turkish Holding

Companies
Anil Yasin Ar, Aysun Ficici

Bridging the gap between theory and implementation for new business models for sustainability
Annik Magerholm, Haley Knudson, Sunniva Bratt Slette

Global Manufacturing and China Il (Chair: Yongjiang

Partner Selection, Legitimacy and the Growth: A Case Study of the Social Enterprise
Ning Cai, Yuting Zhang, Yong Li, Jing Chen

Internationalization through business model innovation: A perspective of legitimacy
Ziyi Zhao

To License or Sell: A Study on the Patent Transaction Modes in China

Huijun Shen, Can Huang

How do Chinese Firms Benefit from R&D Internationalization in Europe Developed Economies? Exploring the moderating
roles of Absorptive Capacity and Entry

JiangWei YangYang Qiyu Zhao




Denis Malone Global Advanced Manufacturing Manager Medium Voltage Products September 2016

New Opportunities for Managing Uncertainty & Variation

The Digital Factory
Optimism!

“Of the many diverse and fascinating challenges we face today, the most intense and important is how to
understand and shape the new technology revolution, which entails nothing less than a transformation of
humankind.”

“... think about the staggering confluence of emerging technology breakthroughs, covering wide-ranging fields
such as artificial intelligence (Al), robotics, the internet of things (IoT), autonomous vehicles, 3D printing,
nanotechnology, biotechnology, materials science, energy storage and quantum computing, to name a few.”

-Klaus Schwab, World Economic Forum 2016

“It has become almost commonplace that the world is experiencing a scientific and technological revolution.”

“It is beyond our knowledge to know whether the computer, nuclear power, and molecular biology are
quantitatively or qualitatively more “revolutionary” than the telephone, electric power, and bacteriology.”

-National Commission on Technology, Automation and Economic Progress 1966

“You can see the computer age everywhere but in the productivity statistics.”

-Prof. Robert M. Solow, Massachusetts Institute of Technology, 1987
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Industry 4.0

©ABB Group
November 15, 2016 | Siide 3

Cyber Security Big Data

=" Stranger protection for 5
Internet-based Cloud comlexity
manutacturing Computing + Creamuity
longer lfe eyeles - manufacturing

Resources of the Future
Wind, sola, etc.

+ Clean and renewable
energy everywhere

Energy storage
+ Alternative raw materials

+ Onedemand

Mass Customization

Customer and marketing
intimacy

Flexibility

Perfect match of
customer's nesds with
mass production
efficiency

manufacturing

Intemet of Things

* Optimized stacks
+ Reduced waste

Object tagging
Internet-to-object
communication via low-
pawer radio

Real-time data capture

ARB

The Digital Factory: Key areas for Advanced Manufacturing

simulation

ﬂ Digital Factory Design J Real+time Factory
Digital 3D modelling systems
for factory layout design,
process and material flow

Scheduling Advanced
factory execution systems
with sensor-enabled, smart
devices, real-time data KPI
monitaring, predictive
rmaintenance

ﬂ Flexible Factory

Automation Advanced
manufacturing plant/machine
reconfiguration, scale
flexihility, varied levels of
hurman-robot-collaboration

Intemal

Outbound

Customers

e-Commerce Fulfilment
Web-based order
management (configuration,
pricing etc.) and inventory
deployrment to rultiple
points of sale, covering last-
rmile and direct delivery (all
tiers through to end users)

15.11.2016



Digital Factory
Drivers

Business Drivers

1. Mass customisation

2. The need for flexibility &
responsiveness

3. Real world variations

The Digital Factory

1. Digital Factory Design

2. Real-time Factory Scheduling
3. Flexible Factory Automation

©ABE Group
November 15, 2016 | Slide 5

Digital Factory
Meeting lean objectives

Lean Wastes

Motion: Unnecessary movements by people

Waiting: Wasted time waiting for the next step
of the process

Over production: Production before it is
needed

Inventory: Excess products and materials not
being processed

Transportation: Unnecessary movements of
products and materials

< k&KL
<] KK

Defects: Efforts caused by incorrect
information ,rework and scrap.

SKKKKK K

Qver processing: More work or higher quality
than is required by the customer

© ABB Group
November 15,2016 | Slide 6
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Automation and variation
Sheep & beef processing

Background
= The introduction of robotics to the sheep processing industry had several goals:

= Improve labour productivity,
= Reduce repetitive strain injuries and cuts.
= Reduce contamination of carcasses for the chilled lamb market.
= Improve pelt quality.
= For sheep processing the challenges were complex because of a wide variety of
carcass sizes and shapes, from light lambs at 20kg to aged rams at 75kg.
= New Zealand and Australia are the only two countries in the world which slaughter,
process and export large numbers of lambs, and NZ is the world leader in this
industry.
= The technology was initially developed at Industrial Research Limited (IRL) with
funding from the Meat Research and Development Corporation in early 1990s and
then extended in capability by industrial partners.
- Later IRL worked with a US beef processing company to apply the technology to
that industry.

’ﬂ INDUSTRIAL
W) RESEARCH

November 15,2016 |Side 7 =

Automation and variation
Sheep & beef processing

Y-cutting

= The initial project was for the Y-cutting operation. This is the initial slitting of the pelt
to facilitate is removal. Unlike cattle, where the pelt is very robust, the sheep pelt is
easily torn or damaged.

= Atypical line speed is 8.5 carcasses per minute. The Y-cutting work utilises 3
operators to keep pace.

== INDUSTRIAL
Novenber 15,2016 [Side & =, RESEARCH
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Automation and variation
Sheep & beef processing

Y-cutting
= The robotic Y-cutter replaced the 3 operators. That gave a reasonable economic payback even
with the very high robot costs of the day. There were also other important benefits from:
= Reduced rework.
= More consistent quality of carcasses.
= Increased yield of quality pelts.
= Improved carcass hygiene.
= Better health and safety.

= Development was difficult:

= Sensor systems, in the end mainly tactile, needed to be developed.

= Commercial robot controllers were very difficult to communicate with to at the time, so we
built our own robot.

= The development of the cutting head was very important. Initially knives (some with force
sensors) were used as with manual operations, but a mechanized cutter proved to be best.

= The system needed to be “hardened”. The line and all equipment is washed with caustic
solution and extremely hot water.

= Development trials were difficult: Processing 10 carcasses in the lab is difficult. That is 1
minute and 25 seconds of production (0.3% of a shift) in the real world.

= Workplace reception amongst workers was very good.
INDUSTRIAL
November 15,2016 |Side % RESI—.A RCH

Automation and Variation
Sheep & beef processing

Further commercial development
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Automation and Variation
Sheep & beef processing

Further commercial development

% INDUSTRIAL
RESEARCH
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AGVs
First steps

= Easy to install and low cost.

= Operates like an urban train: Limited
destinations on fixed routes following floor
line.

= Reasonable productivity and payback but the
number of tasks is limited.

= Requires considerable human interaction;
typically load preparation and receiving load.

= Floor markings need maintenance.

© ABB Group
November 15, 2016 | Side 12
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AGVs
First steps

Component ild' ASSEMBLY

Supermarket ﬁ- g

=

5[0 ASSEMBLY
Kitting instrugtion

Work instruction

Feedback to MES

-

©ABB Group
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ARB

AGVs
Next steps

- Large, specialist heavy lifting AGV.

- Laser guided, flexible with many destinations.

= Typically no human interaction needed.

= Control system interacts with MES

Picku

p from 2 and dellV

ARB

15.11.2016



AGVs
Future Factory:

Factory A

= Distributed storage.

= Over 20 forklifts and drivers.

= Difficult workstation access on
production line.

= Long, convoluted manual production line
(not mechanized).

Factory B

= Current using forklifts and pallet trucks to

move material.

Relatively low level of control over

internal transport

= 80+ km travelled per day using current
methods.

= Manually intensive.

©ABE Group
November 15, 2016 | Slide 15

Future Factory
Situation 2014

Long, convoluted
assembly line

Limited use of modular
sub-assemblies

Production Line 2

Huge amounts of
storage distributed
around factory

LINE STgﬁ«GE
Very high levels of

internal transport of > Production Line 2
components

DESPATCH

Product 3 ASSY

L}

INWARDS GOODS

4m= Components

l

© ABB Group
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Sub-assemblies
4=m Main assembly
4= Finished RMU

ARB

15.11.2016



("acvs vansoort M

AGVs transport

most components
& sub-assemblies
around factory

Main production line
supplied with sub-
assemblies from

around the factory 2

Only a few
components
assembled on main

Future Factory
Automated & Lean: Process

Automated
warehouse added

=

ﬁ:&‘ SUB-ASSE!

MBLY

|

11

Sub-assemblies
can be made
away from the
main line

LINE
STORAGE  f e e 25,
production line /]
el e fie
S ABB
Future Factory
Automated & Lean: Block Layout & Flows
SuB-
ASSFMBLY
INWARDS GOODS
—
INTERNAL WAREHOUSE 7! %
D AGVs ==
4mm  Components
Sub-assemblies
4= Main assembly
4= Finished RMU
e S ABB

15.11.2016



Future Factory
AGVs: First stage — internal transport

Future Factory
AGVs: First stage — internal transport
AGVs act like taxis

_ LM location emptied
_ Empty pallets in LM

Take from MM to LM
Pick up empty pallets from LM

Loaded pallet
To MM location

Master Market

Local Market 1

Local Market 2

-

. »
Empty Pallets _ o
L l i

Rovemer 15,2016 | ide 20 Local Market 3

15.11.2016
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Future Factory
AGVs: Second stage - automated warehousing

ERP
Goods

Receiving

Inwards Goods

Manual ERP
Works
Prep order for
AGV  fusesususssmsinns

Labelling

H
=R

Q:al Markets  Master Marky

/ Internal Transport \

Pickup

Roller Conveyer position

Warehouse

Work|done

AGV Ingtruction

Narrow Aisle AGV
@

© ABB Group
November 15, 2016 | Slide 21

Future Factory
AGVs: 3D simulation of design of production line

= 3D simulation of the production line incorporates data on the variability of each task and

machine.

= This produces a robust but economic solution (how many AGVs, workstations etc.).

© ABB Group
November 15, 2016 | Slide 22
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Future Factory
AGVs: Production line

Core Assembly  Despatch

Works order
Task done

/Goods Receiving \

Sub-assembly|

& Kitting
L~ )
&'-l!

= MES: Overview of work required, works orders
Automated Master Market Local Market:

@house j =« AGV Control: Local control of material movement
ABB
Novenber 15,2010 | Side 23 [ []1]

BB Growp

Digital Factories
Summary

= Automation is not always easy. Considerable innovation is required, particularly for production of
variable products.

The direct payback/investment return from AGVs is extremely good, particularly in high cost
countries and for two or more shift operations.
Indirect benefits of AGVs include:
= Less downtime for assembly line staff from: Correct parts in the correct place at the right time.
= Lower inventory.
= HSE improvements.
= Floor finishes last longer.
= Decreased product and part damage.
= Easy to vary production rate, add capacity, change equipment, and change the layout or
process.
AGVs require improved, better defined factory organization, which in turn has spill-over benefits to
shop floor management and practices.

= 3D simulation that incorporates variability is very effective in production system design.

= Next steps. Use 3D simulation for risk based production scheduling:
= By running multiple scenarios with variability a robust but economic schedule can be found.
= This is superior to the usual Advanced Production Scheduling (APS) which assumes full
information and deterministic data with no variations (and is therefore fundamentally optimistic).

l;ll
©A8B G
Novemoer 15,2016 | Sice 2¢ ‘kl w
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Power and productivity
for a better world™
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Practical S&OP Challenges for
Integrated Manufacturing Networks

Haydn J. Powell
Supply Chain Strategy Manager,
Advanced Components Manufacturing
Caterpillar Inc.

CATERPILLAR’ ADVANCED COMPONENTS MANUFACTURING 1

Caterpillar Inc.

CATERPILLAR’ ADVANCED COMPONENTS MANUFACTURING
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Caterpillar Inc.

s
: _ - /3 /)
Caterpillar Enterprise System Group Financial Products & Corporate Services

Creating a connected Caterpillar by aligning critical processes and support Finding ways to sustain financially sound relationships with dealers,

groups to further improve our manufacturing and supply chain capabilities customers and suppliers

worldwide.

Centralized Support and Planning Functions

CATERPILLAR’ ADVANCED COMPONENTS MANUFACTURING 3

Complexity

585 100,000+ 13  qmses

SALES MODELS CONFIGURATIONS FORECAST REGIONS

13000+ 172+  systEm

MANUFACTURING COMPLEXITY AT DEALER
DIRECT SUPPLIERS ey ¢ S

Global Scale and Size

CATERPILLAR’ ADVANCED COMPONENTS MANUFACTURING 4
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Manufacturing and Supply Network

\ ek \.‘ <Y
13 Forecast Regions oy ~ %

13,000+ Direct Suppliers -*‘

172+ Manufacturing Locationg

176 Dealers

@® Dealer Main = FG Wilson - MaK - Perkins - Solar Manufacturing <« Office Facilities & Parts @ Progress Rail

CATERPILLAR® ADVANCED COMPONENTS MANUFACTURING

Caterpillar’s Legacy Supply Chain

INTERNAL
SUPPLIERS
i | . PRIME —
— PRODUCT
— FACILITIES
(ASSEMBLY)
EXTERNAL PRODUC

SUPPLIERS DISTR;BUTION
...' CENTERS

|

* Focused on Supply.
* Limited Understanding of Customer Service Requirements

CATERPILLAR® ADVANCED COMPONENTS MANUFACTURING 6




Caterpillar’s Engineered Supply Network

INTERNAL

SUPPLIERS
el '
FACILITIES DEALERS CUSTOMERS

(ASSEMBLY)

o

- PRODUCT
DISTRIBUTION
’ CENTERS

PRODUCT DEVELOPMENT

END TO END

* Holistic Planning, Customer Connectivity
* Network
* End-to-end Optimization

CATERPILLAR® ADVANCED COMPONENTS MANUFACTURING

Integration Complexity

¢ Mostly Dependent Demand
e MRP Il Operating Model

ORDERS * Independent Manufacturing Facilities
[ED| and Manual)
MASTER 2 RCCP
DEMAND  — VALIDATION
PRODUCTION MATERIAL
SCHEDULE (MPS) — PLANNING —¢
¢ PURCHASING &

SUPPLY

PRODUCTION MATERIAL RECEIPT
— -—

ACTIVITY CONTROL & TRACKING
e Simplified Schematic of the MRP 11

Operating Model

CATERPILLAR® ADVANCED COMPONENTS MANUFACTURING
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«  Production Execution Window

__ T

€S0 RIS
! CumentMonth,st,42 " | o Months 41024
s o5
SortonLing bsdate | RudbyRCCP B ~
_ Exécution Window i Should never exceed EPP
K 2-5 i 6-15
Years \ } Years
Capacity Planning for Manufacturing Footprint Vision
ng Asset Investments
ECCP/EPP GPNP
Capacity Progr (Global Production Network Planning)
Executive Product Program)

CATERPILLAR

ADVANCED COMPONENTS

MANUFACTURING

AD16

AD15

AD20 AD1
AD19 AD2
AD18
AD17
Meune of
AD14 /
AD13
AD12 ADY
AD11 AD10

CATERPILLAR

ADVANCED COMPONENTS

MANUFACTURING

10
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e L

+ Ability to evaluate alternate plans and choose the
most cost effective supply plan

* Integration of upstream demand and downstream
capacity confidence intervals

§3@14ﬂ2ﬁmgmn@n

« Effective participation with clarity on RACI;

+ Financial impact assessment allows structured
| decision-making; timely issue escalation & resolution

= Monthly review of component demand; component
supply plan; and facility production plan;

* Measurement of production plan conformance and
supporting RCCA

CATERPILLAR® ADVANCED COMPONENTS MANUFACTURING

CATERPILLAR® ADVANCED COMPONENTS MANUFACTURING

12
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Integrated Approach
R —
—_— 2 L . m
@‘— e A
S R T TY
& Sfa;:t;lr:nm —\— Al ""."""" .nTm
q”? Compute & Execute s-—l e 215 —'1 =
| e . I

CATERPILLAR’ ADVANCED COMPONENTS MANUFACTURING

13

Integrated Value Chain

ENGINEERED FOUNDATIONAL
VALUE CHAINS CAPABILITIES

&

\__ STABILIZE END-TO-END SUSTAIN

\/

Components of an Integrated Value Chain

CATERPILLAR’ ADVANCED COMPONENTS MANUFACTURING

14
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CAT, CATERPILLAR, their respective logos, “Caterpillar Yellow” as well as corporate and product identity used herein, are trademarks of Caterpillar and may
not be used without permission. Cat and Caterpillar are registered trademarks of Caterpillar Inc., 100 NE Adams, Peoria IL 61629 2015 All Rights
Reserved. Printed in the U.S.A.
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Thevy've picked it

before vou've
clicked it

Supply chain digitilisation in B2C and its
implications for customers and
organisations

Catherine McDermott

IfM Alumni, chartered mechanical engineer

Worked in operations and supply chain for over 25 years
Led operations in a number of large retailers
Been on the journey from “bricks & mortar” to "omnichannel”

Iceland il os Jillamazon

TESCO celesio

P gy LloydsPharmacy
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Impact of Digitilisation

e How is digitilisation changing the supply chain in B2C
businesses to better serve the customer?

e What are the characteristics of organisations that are
doing this successfully?

® Arethere any implications for customers and the
wider community?

Changes to the supply chain
in B2C

Customer Service

Customer
Warehousing
& distribution

15/11/2016
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Customer service (CS)

India

South Africa
Costa Rica
Philippines

Digitalised CS

OEH OB U




Last mile

Digitalised last mile

collectsd

& CARDROPS

parcels made g ’ 1)
! mImerce
: e Ty ing #

- l’ iU Car.
] Cvenient.

RTLESS. SECURE. AWESOME

https://youtu.be/6djmvemlL Dag
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Warehousing & distribution

RECEIVING & PUT AWAY
g

=Y} S
|NVENT08’VMINGEMENT L, .__
menf b

Digitalised warehousing &
distribution

15/11/2016
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Inbound & Inventory

Supplier

b
NDC
b

Customer

Digitalised Inbound

NEWS ANALYSIS

What Amazon is doing with its supply chain could
devastate the competition

—— MORELIKETHIS ——

This is why Amazon wil open
physical bookstores
@ Meet the 2016 Premier 100
Defending yourselffrom
-— ‘Amazon.com
En

o T
How to tur on Windaws 10 Find My

) Device' feature?
[/
i

A huge planned global supply chain move by Amazon
could disrupt product access, sharply lower Amazon's
costs and accelerate product delivery to shoppers.

Computerwodd  Feb 12,2016.5:21 AMPT Like this articie? "




Digitalised Inbound & Inventory
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What are the characteristics
of organisations that are
doing this successfully?
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People

e Skills Profile

® Fewer generalist managers and more, highly skilled
specialists particularly with engineering and technical skills

e Different Mindset
® See technology as the solution not the limitation
® Prepared to think differently — “*how do I?”

® Pace and adaptability
® Move fast: not afraid to try (and fail)
e Aren't afraid of their own future:
® expect to do different jobs requiring new skills
® expect change so don’t protect the status quo

Organisation

® Substance over form

® Have along-term vision of what can be achieved
e Different attitude to communication

® Pace and adaptability

® Think enterprise wide not just supply chain

® Always come back to processes that add value for the
customer

15/11/2016



Are there implications for
customers and the wider
community?

Incredible convenience and
quality available at low cost

15/11/2016



Impact on skills needed

Changing profile of employment by qualification level

By 2024, around

54%

of people in employment.
are expected to be
qualified at level 4

and al

d above

™ C =~
T Scorssh Crast ared Quidfications Framsr applies o Scorarst.

UKCES>
preer

www.gov.uk/ukces

Nature of privacy & autonomy

A
=l

15/11/2016
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Vulnerability of infrastructure

Resource Efficiency

15/11/2016
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Supply Chain Digitilisation

e Digitilisation is already changing all aspects of the supply
chain in B2C businesses
® (Customer Service

Last Mile

Warehousing & Distribution

Inbound

e Organisations that are doing this successfully are different
from traditional retailers in their people and how they are
organised

® These changes have implications for customers/wider
community that we need to understand and either
consciously embrace or legislate for.

15/11/2016
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IKEA Industry

Supply Chain of the future
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IKEA Industry

IKEA Industry in the world

0 Forest
O SawmillSolid Wood
O Glucboard/Comp
40 production units in 10 countries o (L e ® uniure sold
China, France, Hungary, Lithuania, Poland Lycksele @
Portugal, Russia, Slovakia, Sweden, and tr O sawmill boards
® sourds
19 000 co-workers 0 Fumiture Flatine
Top 5 production countries o NDZ:;‘*"‘“ e
Poland, Russia, Slovakia, Portugal A
and Sweden 6
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Optimized Value Chain

EAVE
&al lal i
L]

IKEA Retail

5
%E'& IKEA Range

;\\ IKEA Supply

. \S“\-\‘\i\\ | R IKEA Components
IKEA Furniture Mfg i

i
IKEA Board Mfg [ || #
N{mk} n

Machine Suppliers

Materials %3

What have we been up to?
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1992-2008

1998 Operator

The Early Years

FLye

Manufacturing Execution Systems

2002 Argos Vision System

2002 MES data in i ERP

2006 Arena Simulation
2009 Device Integration Platform
2013 M3 ERP Global Model

2008 Hultsfred 3.0

15/11/2016



2013 Manufacturing Strategy

- Outstanding Customer Value

1]

>

B Capacity for Growth

=

© Manufacturing Competence across IKEA

@ Better Manufacturing @ lower People

2 cost Safety Culture, Modern and

% Everyday performance in units that deliver Humanistic, Competence centres
5 the right quality, cost, availability and

c sustainability. Optimal combination of 5

8 materials, technology, processes, connected Product and Material Development

to the entire supply chain and footprint on the factory floor
based on LEAN principles. Democratic Design

:Ita-htv & Standardization Automation snml‘-'t & Scarcity of
R::;:tv Components Autonomation Ly resources

= B Talent Sustainability
Flexibility Processes Flow orientation @ More from Less

Change
Drivers

Safety Quality  Availability Cost People | suswinability

Goals

B

Manufacturing Strategy

Manufacturing Strategy: What to produce and how to produce it.

We have a 7 area approach that will help transform our
manufacturing activities for the future needs.

The areas are, o SUSTAINABLE
* Areas of activity: Buy or Make IKEA INDUSTRY
+ Vertical Integration: Make or Buy S
¢ Plant, Process and Equipment
« Material, Product Development

and Engineering

* People
¢ Capacity, Planning and Logistics
« Knowledge Transfer

B

15/11/2016



Plant, Process and Equipment

* Plant roles and networks. Different reasons in different segments and markets

» Connection to footprint. Tailor plant, process and equipment to footprint

 Growth — capacity and standardisation. New capacity according to our

technical standards

* Flexibility — range, vitality and batch

e Quality — In every process step

« Standardized Automation solutions

« Maintenance - preventive

Capacity, Planning and Logistics

Capacity: -

é‘ Planning: -

e

Logistics: .

We favour lead over lag capacity demand
principles.

We identify capacity gaps through the strategic
plan.

The starting point is always the customer need
We have ONE aligned end-to-end plan
Deviations will be handled through visibility and
by monitoring real-time information.

The flow of material and information will be
integrated between stakeholders in the flow. We
will not pass on poor quality of product or
information.

We will be able to trace products on batch level
throughout the flow.

15/11/2016



Knowledge Transfer

IKEA possesses knowledge within the area of manufacturing valuable
for the development of other IKEA processes as well as IKEA
suppliers. IKEA will make this knowledge available by being open and
transparent as well as sharing best practice.

General Manufacturing and

Production Concepts

We will offer available resources to support
and develop IKEA as well as IKEA suppliers
within the fields of LEAN, Safety, Quality and
Sustainability.

Specialist Knowledge

We will, through our competence centers,
make specialist competence available to
support and develop category strategies and
IKEA Suppliers.

Training and Education

We will support and develop IKEA learning
initiatives within areas of general
manufacturing as well as specialist knowledge

Swanshs vyl o @

ot0z Na

Manufacturing Strategy Inititives
Master Plan — Approved Projects Financed Centrally, 1st Wave

Plant Roles and Networks Leif H Per
Connect Processes to Footprint Per B Per D I
Virtual Manufacturing Per B Rozle P | )
Goal and Action alignment Orjan 3 Magnus S |
MOM: Manufacturing Operation Management PerB Filip B [ )
SFA: Standardized Flexible Automation Per B Per D I )
Standardized Plant organization Anders S ()
Build DFx capability Per D ToviasA | @)
Build Mixed Material capability per D Tobiasa | @)
353273,; supporting Product/Materia per D Tobias A 0

[ J

[ J

W closed M rianned Ongoing
2016-11-15 12
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Strategic Initiative: Plant Roles and Networks

Raller Coated - Foatprint

Strategic Initiative: Standardized Flexible ght=>
Automation

Cost

1

1
Standardized Flexible Automation
’

’
/ Standardized Components

Flexibility
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~

AR
Strategic Initiative: Standardized Flexible
Automation

T0 Can always be automated

Standardized Flexible Automation

Standardized Components

Il mmwm. .

Range

~

F¥3
Strategic Initiative: Standardized Flexible
Automation &
Virtual Manufacturing
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AR
Strategic Initiative: Manufacturing D)
Operations
Management

IKEA Industry

“Stand-alone”

Core Solutions solutions
= M3 BMS -
e === = = = = -
- ERP_ - - - —-Dperator | =SPC \\
s =Operator Light | =Energy Management
) / =Intouch \  =Performance
al MES =SFC . Visualization
8' =Prodacon | "Warehouse mgmt. ¢
[/} =PanelPro \ =Auto Vis of Instructiop
\SCADA/ PLC ‘=Majintenance-meodult
P =
- DIP "
Machines
«Counters Vision Systems
sMachines sAutomatic Storage

What’'s next?




END TO END

SC of the Future

Supplier Integrati

+ Supplier connecti nannel connectivity

- Enhanced collabor: g

- Transparency and vi *ersonalised offer
- ce traceabil Trends prediction

AAAAA cEn = £8 UNIVERSITY OF
| A4 Qe & CAMBRIDGE

15/11/2016
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SC of the Future

9702 “A'8 SwaIsAS VI oI

- Flexible autornation - Linked design/manufacture
- Disruption avoidance - Faster, more frequent NPI

- Transparency and visibility
. traceability

nitiol Tiar 3 Tier 2 er
suppiers  suppsars | guppbers  suepliers

1 Tier 2.
customers  customers s

+ Seamless connectivity = Network leadership/integration
- Collective resource management = Enhanced value creation/capture
MANACEMENT
=S UNIVERSITY OF
NS =
TENA s 7% CAMBRIDGE

SC of the Future

Ranking / Prioritization / S?ring € Tracking & Steering of SPG — (With sutomatic start of MO )

- Tt Gttt it

5707 A SwaIsAs va ol

St of
M T Lt

ommu\-mummmmmw steps
Drscription.

15/11/2016
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Thank you!
Questions?

Per.Bergaren@ikea.com
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Wavin Group perspective on Digitization

Rlchard VAN D

Mexichem.

Building & Infrastructure

CONNECT TO BETTER
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 [ntroduction Wavin Group

 Digital Network Design

* BIM-Reuvit

* Robotisation (Cobots) using Universal Robots

 Where Next for Digital Supply Chains?
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Facts & figures Wavin Group

Active in 25+ €1.2bnin
countries revenues in 2014

Over 5,500 Established
employees in 1955




Wavin is part of the Mexichem Group

. Active in 90+ Over $5.6 bn in
mex1 Ch em countries globally annual revenues

A global leader in
plastics pipe
systems and the
chemical and
petrochemical Over 19,200 Based in
industry employees Mexico city




Mexichem Fluent pipes & fittings business




Mexichem Fluent market positions

B Argentina  #1
== Colombia #1
) Ecuador #1
3= Elsalvador #1
feol] Guatemala #1
EEm Honduras #1
.:l Mexico #1
B=l Peru #1
™ Panama #1
EEm Venezuela  #1
Brazil #2
== (CostaRica #2
B Nicaragua #2

Amanco Brand

13 countries

Wavin Brand

26 countries

Dura-line Brand

40 countries

Mexichem Fluent

52 countries

729 production lines

620 production lines

159 production lines

1,558 production lines

670 kMt capacity

568 kMt Capacity

502 kMt Capacity

1,740 kMt Capacity

24 manufacturing sites

22 manufacturing sites

18 manufacturing sites

64 manufacturing sites

0

e

N

L& manco

&5
<

& Counties whene Dura-Line products are sokd

—_—
1 |
Ll

Sl L |
o r
-
=l

Market Position
R Czech Rep.

#1

Denmark #1

Hungary #1

Italy #1

Ireland #1

e Metherlands  #1

Poland #1

UK #1

Baltics #2

Norway #2

Sweden #2
Belgium Top 3
France Top 3
 BRrRomania Top 3
Turkev Top 3
Germany Top 5



Digital Network Design

Mexichem. (wavin)
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| Lamasoft Product Overview

Full Range of Deployment Options

@ DataServices DataGuru
mae— ITansportationGuru
PN AR
ZzZzam
= (=) AITs ¥ AMBs o
= = - —
v St O o errise SupplyChainSherpa

= =

Corporate Data

LLamasoft

© 2013 LLamasoft, Inc. All Rights Reserved Supply Chain By Design



Supply Chain Guru

Model, Optimize, Simulate Your Supply Chain

= Visually Rich Integrated
Environment for
Designing Supply
Chains

= Design Engine

|| Multi-Objective Optimization [MOOTest TranspoAssets.01)

([

Encapsulating § — X
Multiple Solvers =
= sess = o 0 LLamasoft
© 2013 LLamasoft, Inc. All Rights Reserved

P Ful Sohsors

Supply Chain By Design



Network Optimization

= End-to-end model from tiers of
suppliers to the customer

= Detailed modeling of complex
production processes, BOMs,
multi-time period capacities,
road routes, etc.

= Comprehensive constraint
modeling

= Fastest solve times on the
largest models

As-is supply chain

LLamasoft

© 2013 LLamasoft, Inc. All Rights Reserved Supply Chain By Design



Production Footprint Optimization

Detailed Modeling of All Production-Related Processes and Capacities

= Platform for optimizing both
production capability and capacity
at a detail level

= Balances production capacities
globally and within each facility

=  Optimize for maximum utilization or \
highest margin (max profit)

= Supports S&OP modeling for near- oo
term realignments s |

= Primary Benefits -
- Optimally align forecasts with s |
production footprint iﬁﬁl I I
. Rebalance production capacities

based on short term changes in
demand

LLamasoft

© 2013 LLamasoft, Inc. All Rights Reserved Supply Chain By Design



Scenario Management

Create Multiple Scenarios within a
Single Model

= Generate sensitivity ranges around
key costs, capacities, demand
characteristics, etc.

= Self-documenting audit trail of all
scenario changes and definitions

= Compare all scenarios side-by-side
In graphs, maps and reports

|

Data updates to the baseline
propagate through all scenarios

© 2013 LLamasoft, Inc. All Rights Reserved

|Step 1- ltem Mame |

Name

|Step 2 - Select Table |

{Step 3-Select Filter | —————————————————

Select Existing Filter

|Vary Demand for P15 | [iScenaria) POD16
Create Filter Edit Fil
Filter Definition
{IProductName] LIKE PDO16%)
[Step 4 - Set Values |
Field Values  Setas Default | Delete fiem Count: 6
Product Name - Value o
Site Name N » 105 Tl
Quantty | 11
Order Time
Due Date 118 F
Occumences 12
Time Between Orders L |:| 125
faltem o Changsthetsitio tis 13
value * -
Save & Next ltem Save & Close Cancel

} | Qptimization Netwark Summary o B &
Gragh Fiekda -
ok e - Y- - th“;‘:."‘\ -
= ¥ Gobal N 0Opt Model wth Proc e Around ¥ s JOTK 3ummary
[#] Baseine. 11000000000
] s Sourc
S ey 10000000000
¥ s Source 2000000000
¥ Conssder A Soxsces £0000000C0
iConsderal Partaand 0Cs v
F} 3 TO00000000
000000000
G P t[4[7]vIX
9] Total Fined Operating Cost 30000003
V] T Con 4000000000
7| Total b Wiarchousin Cost
] Tetsl Cutbourd Warshousing Cost 0000000
] Total Trareportaton Cost 00000000
1600000060
o
e Chi
=
s
Con it e
wehousi [

LLamasoft

Supply Chain By Design




Project objectives & approach UK Distribution

M - 1l5ton
M 15-2ton
[ 2-2.2ton

In the UK distribution project we aimed to reduce the plastic
freight cost by improving the shipment load factors. The average
load factor for plastics is currently 2.1 ton, this is less than 60%.
Wavin UK aims for an average load of more than 2.5 ton.

To reach the objective we analyzed the current situation and the
planned changes from July 1st 2016. We developed an
optimization model to estimate the effect of changes to the
transportation network.

Three scenarios are defined focusing on the effects of specific
changes. The forth scenario combines the results of these
scenarios and uses customer segmentation and geographical
characteristics to come to an overall solution.

Figure: Current average load factors per
area



Base case 2015 and reference 2016 compared

In the reference model 2016
there are the following changes
compared to the current
situation in represented in the
base case 2015:

* No more cross docking

* No more radials from
Widnes, Brandon, and
Doncaster

* Reduced core fleet (from 67
to 38 vehicles)




BIM-Revit

Mexichem. ( WAVIN )
Building & Infrastructure

CONNECT TO BETTER



What is BIM?
BIM =
Building mainly Building projects,

Information digital Information of the project,

Modelling the information is linked to a digital

3D Model of the actual building

(one family house to airport project).




Advantages of BIM versus CAD designs

Ambitious objectives issued by the British
Government resulting the BIM way of
working.

Lower costs

33%

reduction in the initial cost of construction
and the whole life cost of built assets

Faster delivery

00%

reduction in the overall time, from inception to
completion, for newbuild and refurbished assets

L

HM Government

Industrial Strategy: government and industry in partnership

Constructioh 2025

July 2013

18




BIM way of working is replacing CAD

From 2D CAD design To 3D BIM design

19



Example video on Reducers in Wavin Revit packages

CONNECT TO BETTER

- -
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Robotisation (Cé)bots)

Mexichem. (wavin)

CONNECT TO BETTER



Pro’ s and Con’s automation

+ Robots work 24/7
+ High repeatability; high precision

+ 18t time right — every time R;u%gmgm - . s
+ Robots can do dirty, tedious work %%EE;;:?W by
+ ROI within 0,5 - 2 year . e e o

+ More flexible to change processes ey ™

manufacturing areas

than dedicated solution

Fixed cost; also at low utilization

Not intuitive/ programmed response
(is coming, fill force sensors,
freedrive, 3D camera’s)

22



Group’s view on automation

s For HCC and LCC’s
s Start simple; learn by doing

s For demolding/ gluing/ welding/
assembly/ handling/ packing/ Deiener Asination W

Robot types
. . Turn-key Solutions Side-Entry Robot
pac kag N g/ mould cleanin g Semi-automatic Solutions Industrial-Robot
Pick & Place Linear-Robot

s Buy what is available; basic/ no
LoR

23



Loading weigh unit, place inserts in moulds,
loading paper for placing tickets

# DU | o e J 12}
. “ﬁ" _l_“_ ‘A(‘!i\‘ !

24



K/ X/ / 7
0’0 0’0 0’0 0’0

*e

%

*e

%

7
0’0

7
0’0

7
0’0

7
0’0

Introducing Cobot (cooperative robot) — UR10

Reference: loading an Europallet with 2
side bars

Repeatability + 0,1 mm

Robot weight < 30 kg

Wrist weight max 10 kg
6-axial; radius 1.300 mm; 720°
22 inputs/ 20 outputs

< 300 watt/ hour

Simple maintenance

15 safety functions

TUV certified

Mobile solutions possible

25



(wavin)

Example

o https://www.youtube.com/watch?v=CEWNyLeMGuU

26


https://www.youtube.com/watch?v=CEWNyLeMGuU

Where Next for Digital Supply Chains?

Mexichem. (wavin)

CONNECT TO BETTER

27



Where Next for Digital Supply Chains?

« 3D-printing located in our main wholesaler depots?
* https://www.youtube.com/watch?v=egFwvd|ZWHKkK

28


https://www.youtube.com/watch?v=egFwvdlZWHk

Thank you

Mexichem.

Building & Infrastructure

CONNECT TO BETTER




CMO S/N Request (machine-to-machine)

Pharma Network

CMO Line CMO MAH MAH
Server Track & Trace Middleware Track & Trace
- N or Middleware
Detect S/N Shortage
\_ /
( \ll D . ] .. T f tion int
Create SIN Request | Transmit Request Transformation into ransformation into
L ) Message J Internal Format Target Format
( T i ( 2
ransmit Request }% Receive Request
Message
v
( 2
Create S/N Range or
SIN List
i ( ¢ 2
( Transmit S/N Range | Send S/N Range or
L or SIN List Message SIN List

\ 4

A (
Transformationinto  |_ Transformation into
Target Format )‘ L Internal Format

5

Receive S/N range or Transmit S/N Range
Load S/N List or S/N List Message

© 2015 SAP AG or an SAP affiliate company. All rights reserved. Customer



Transactional data and batch integration

(simplified view)

ECC

Prod Order

Outbound Del

Inbound Del

Batch

Adv. T&T

Transaction

Packaging Line

EPCIS with transaction
relation and batch information

Object

LGTIN

Event

SGTIN

SSCC

© 2015 SAP AG or an SAP affiliate company. All rights reserved.

Customer

17



Transactional data and batch integration
(Inbound Delivery - Create)

ECC Adv. T&T

Prod Order RFC Transaction

Outbound Del

Inbound Del Object
LGTIN
Batch =
>
L] SGTIN

Packaging Line

EPCIS with transaction SSCC
relation and batch information

© 2015 SAP AG or an SAP affiliate company. All rights reserved. Customer 18



Transactional data and batch integration
(Batch Creation)

ECC Adv. T&T

Prod Order Transaction

Outbound Del

Inbound Del Object
c
)
] LGTIN
Batch Web Service
SGTIN

Packaging Line

EPCIS with transaction SSCC
relation and batch information

© 2015 SAP AG or an SAP affiliate company. All rights reserved. Customer 19



Process Overview
Packaging and Warehouse Operations

Adv. T&T Serial Number Management Adv. T&T Object and Event Repository

Request & receive

Serial Numbers (Lists & Ranges) Send issioned
end commissione

Serial Numbers & Aggregations

Packaging Line Integration Warehouse Integration

| Packaging Line | | Palletizer || Warehouse |

: : : Warehouse
Packaging | Packaging Il Palleting Operations
Primary pa(;kaging (e.g. Bundling (=Aggregation) Palleting ' Storage
tablets in blister) Cartoning: Pack Bundles (=Aggregation) Pick/unpack (=De-aggregation)
Secondary packaging into Shippers Pack (=Aggregation)
(e.g. blister in folding box) (= Aggregation) Ship

Apply Barcode to
secondary packaging
Scan and Verify Barcode
(Commissioning)

© 2015 SAP AG or an SAP affiliate company. All rights reserved. Customer



Cloud Enabled Solution

© 2015 SAP AG or an SAP affiliate company. All rights reserved. Customer



Cloud architecture enables this, through its neutral position

Integration and

CMO Observation

HANA Cloud Platform
CMO

\ 4 v

Market Authority Warehousing

© 2015 SAP AG or an SAP affiliate company. All rights reserved. Customer 22



Possible Future Work

© 2015 SAP AG or an SAP affiliate company. All rights reserved. Customer



Simplified Supply Chain Data Sources

0. Production Request (by SKU) 7. Dispense
(Serial Nos., BatchID)

Levels *erial Nos.
2. Production \ i | :
(Serial Nos., I 4. Goods Receipt | Patient
BatchID) Levels \(BatchIDs)
o avanced \ ‘Re-packaging
Shipment Note Lg\]/\gls \6 Goods Receipt GP / Nurse

(BatchlDs) BatchlDs)
5. Delivery Note \ Inv. Hospital

Produce & Package Logistics Dispensing

© 2015 SAP AG or an SAP affiliate company. All rights reserved. Customer




Complement with other data sources — Things and Apps...

UG = KO
[ concur
= J = prescriptions
— e AN NN e N § |
§ g ¢ T;f e Panadol [100mg] 08:00
= e G i
001e2HU Ventolin
...,-,; i< Insulin 09:45

JdAVQ

202 1E Erhent seirtavhal - ‘

Customer

© 2015 SAP AG or an SAP affiliate company. All rights reserved.
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NG THE MANUFACTURING
PRISE OF THE FUTURE:

TS FROM 20 YEARS OF

TECHNOLOGY RESEARCH

Ken Boyer

Fisher College of Business Professor of Operations

Management

Chair, Management Sciences Department

Architecting the digital supply chain — the implications
m Trr Omo State Untversity | OF digitalisation for global manufacturing — Cambridge
" FISHER COLLEGE OF BUSINESS Manufacturing Symposium 2016




WHERE WE WERE ..... 1994 100

it YEARS €30

Max M. Fisher
College of Business

“Researchers have portrayed the factory of the future
as based on AMTs and the economies of scope they
engender: paperless, and
possessing the ability to produce a large variety of

products cost effectively in lot sizes as small as one”

CINCINATI -
 MILACRON
— ' - i :

Boyer, K.K., Ward, P.T., Leong, G.K., (1996), Approaches to the
THE OHIO STATE UNIVERSITY  Factory of the Future: An Empirical Taxonomy, Journal of Operations 2
FISHER COLLEGE OF BUSINESS Management




WHERE WE WERE... 1994.

EEPYEARS €583

Max M. Fisher
College of Business

Tablc 3 ““"*

Ranking of investments in advanced manufacturing technologies

Scale Technology Mean Std. dev.
DESIGN (inter-item reliability (a ) = 0.69, Computer-aided design (CAD) 5.16 1.73
inter-rater reliability = 0.77)
Computer-aided engineering (CAE) 346 1.85
Computer-aided process planning (CAPP) 3.04 1.84
Scale 393 1.45
MANUFACTURING (inter-itemn reliability {a ) = 0.74, Computerized numerical control (CNC) 4.78 2.01
inter-rater reliability = 0.90)
Computer-aided manufacturing (CAM) 4.04 1.94
Environmental control systems 156 172
Bar coding /automatic identification 2.94 1.91
Real-time process control systems 2.6 1.80
Flexible manufacturing systems (FMS) 245 1.71
Automated material handling systems 2.34 1.58
Group technology (GT) 2.26 1.68
Robotics 2. 1.57
Scale 3.05 1.03
ADMINISTRATIVE (inter-item reliability ( ) = 0.79, Material requirements planning (MRP) 4.10 1.96
inter-rater reliability = 0.80)
Office automation 393 1.58
Manufacturing resource planning (MRP II) 3.92 2.01
Activity-based accounting systems g 1.87
Electronic mail 1.95
Electronic data interchange (EDI) 1.86
Decision support systems 1.51
Knowledge-based systems 1.37
Scale I.16

Boyer, K.K., Ward, P.T., Leong, G.K., (1996), Approaches to the
| THE OmIO STATE UNIVERSITY  Eactory of the Future: An Empirical Taxonomy, Journal of Operations 3
FISHER COLLEGE OF BUSINESS Management




WHERE WE WERE ...... 1994 .....

EEPYEARS €583

Max M. Fisher
College of Business

3

- Boyer, K.K., Ward, P.T., Leong, G.K., (1996), Approaches to the
() TEE OmIO STATE UNIVERSITY  Factory of the Future: An Empirical Taxonomy, Journal of Operations 4
" FISHER COLLEGE OF BUSINESS Management




WHERE WE WERE ...... 1994 .....

it YEARS €30

Max M. Fisher

College of Business
s
Table 6
Plant size, integration and performance by AMT group
Measure Advanced manufacturing technology group
TRADITIONALISTS, DESIGNERS, GENERALISTS, HIGH INVESTORS,
n=92 n=25 n=64 n=21
No. emplovees (4) ()
Cluster mean 328325 305.46 722.73 1213.57 F=398
Standard error 468.01 353.06 1353.70 2667.88 P <0.00]
Integration (34) (3.4) (124} (1213}
Cluster mean 242 2,62 3.58 4.47 F =236l
Standard error 1.07 1.14 1.21 1.55 p <0.001
Sales growth n= 189
Cluster mean 5.06 4.79 522 5.15 F =045
Standard error 1.14 1.18 1.37 1.39 p=072
Return on sales n =167
Cluster mean 4,79 4.18 4.92 5.11 F=239
Standard error 1.45 0.96 .12 0.96 p=0.071
Earnings growth n=166
Cluster mean 4.75 423 4,96 4.94 F=197
Standard error .25 i.id 1.08 .20 p=10.12

Note: Numbers in parentheses indicate the group numbers from which this group was significantly different at the p < 0.05 level according
to the Scheffe pairwise comparison procedure. F statistics and associated p-values are derived from one-way ANOVAs.

Boyer, K.K., Ward, P.T., Leong, G.K., (1996), Approaches to the
) THE OHIO STATE UNIVERSITY  Factory of the Future: An Empirical Taxonomy, Journal of Operations 5
FISHER COLLEGE OF BUSINESS Management
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HOW THEY EVOLVED ------

Table 1 Sample Profile

EEPYEARS €583

Max M. Fisher
College of Business

3

Population” 1994 Sample” 1996 Sample*
SIC CODE Number* % Number® % Number® %
33 Primary Metal 6,661 55 1 54 6 54
34 Fabricated Metal 36,092 29.8 52 25.7 30 26.8
Number of Plants 35 Machinery, Except Elect. 52,091 429 90 44.6 48 42.9
36 Electric & Electronic Eqgpt. 15,922 13.1 9 4.5 4 3.6
37 Transportation Eqpt. 10,505 8.7 40 19.8 24 214
Total 121,271 100.0 202 100.0 112 100.0
Employees per Plant Mean 4135 480.6
Annual Sales Mean (millions) 86.63" 92.83
Notes:

A Source: United States Census of Manufactures (1987).

B Number of usable surveys, 1994 sample.

C 491 plants contacted, 1994 sample

D Number of usable surveys, 1996 sample.

E 202 plants contacted, 1996 sample.

F Calculated for 112 plants which also participated in 1994 survey.

Boyer, K.K. “Evolutionary Patterns of Flexible Automation and

No. 6, 1999, pp. 824-842.

[4) TuE Omio STATE UNIVERSITY  Performance: A Longitudinal Study”, Management Science, Vol. 45, 7
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HOW THEY EVOLVED ------
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Table 3 Ranking of Investments in Advanced Manufacturing Technologies

Scale Technology 1996 Mean 1994 Mean Difference

Computer-Aided Design (CAD) 517 5.04 0.13

DESIGN Computer-pAided Engineering (CAE) 374 342 0.32*
Gomputer-Aided Process Planning (CAPP) 3.12 2.79 0.33*
Computerized Numerical Control (CNC) 4,80 4.71 0.09
Computer Aided Manufacturing (CAM) 3.68 3.84 0.04
Environmental Control systems 3.56 3.46 0.10
Bar Coding/Automatic Identification 3.07 295 0.12

MANUFACTURING Flexible Manufacturing Systems (FMS) 2.77 2.46 0.31*
Real-time process control systems 275 2.68 0.07
Automated matenal handling systems 2,32 219 0.13
Group Technology (GT) 2.21 2.34 0.13
Robotics 2.15 1.96 0.19*
Material Requirements Planning (MRP) 4,04 3.96 0.08
Office automation 3.64 3.97 —0.13
Electronic Mail 3.83 3.28 0.55**

ADMINISTRATIVE Manufacturing Resource Planning (MRP 1) 3.81 3.80 —-0.08
Electronic Data Interchange (EDI) 3.26 3.08 0.17
Activity-based accounting systems an 3.31 —0.20
Decision support systems 2.49 2.59 -0.10
Knowledge-based systems 2.2 2.04 0.20

Notes: 1. Each technology shows the mean of all respondents’ answers on a seven point scale asking them to rate the amount of investment
in each technology between the extremes of 1 = no investment and 7 = heavy investment
2. A paired sample f-test is used to calculate significance values for differences. “p < 0.10, **p = 0.05, ***p < 0.01

_ Boyer, K.K. “Evolutionary Patterns of Flexible Automation and
| THE OmHIO STATE UNIVERSITY  Performance: A Longitudinal Study”, Management Science, Vol. 45, 8
W FISHER COLLEGE OF BUSINESS NO 6 1999 pp 824'842




HOW THEY EVOLVED

Table 5 1996 Advanced Manufacturing Technology Groups

1996
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1 2 3 4
TRADITIONALISTS DESIGNERS GENERALISTS HIGH INJESTORS

Measure [n = 35] [n =] 28] [ = 37] [n J 12]

DESIGNIG (2,3.4) (1.4) (1.4) (1,2,3)
Cluster Mean 2.63 4 68 423 6.06 F= 754
Standard Deviation 0.77 0.81 0.72 0.74 p < 0.001

MANUFACTURINGS6 (3.4) (3.4) (1,2.4) {1,2.3)
Cluster Mean 2.40 2.46 3.69 4.55 F=443
Standard Deviation 0.73 0.73 0.66 0.80 p < 0.001

ADMINISTRATIVESG (3.4) (3,4) (1.2.4) 1.2.3)
Cluster Mean 2.59 2.9 4.06 5.03 F = 54.5
Standard Deviation 0.76 0.72 0.63 0.68 p < 0.001

™ THE OHIO STATE UNIVERSITY
M FISHER COLLEGE OF BUSINESS

Mote; Numbers in parentheses indicate the group numbers from which this group was significantly different at the p < 0.05 |evel according to the Scheffe pairwise
comparison procedure. F statistics and associated p-values are derived from one-way ANOVAS using the 1996 dala.

Boyer, K.K. “Evolutionary Patterns of Flexible Automation and
Performance: A Longitudinal Study”, Management Science, Vol. 45, 9
No. 6, 1999, pp. 824-842.
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PERFORMANCE RESULTS
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Table 7 1994 Performance by 1994 Technology Group *
1994 Advanced Manufacturing Technology Group
1 2 3 1
TRADITIONALISTS DESIGNERS GENERALISTS HIGH INVESTORS

Performance Measure [pr = 59] [n = 12] [n = 29] In =132
PROFIT (1994)

Cluster Mean 4,71 414 4,92 4,89 F=1.30

Standard Error 1.35 1.0 0.85 1.27 p=0.28
GROWTH (1994

Cluster Mean 4.98 4.58 5.48 4.88 F=2.02

Standard Error 1.1 1.24 1.06 1.04 p=0.12

1994 Advanced Manufacturing Technology Group
1 2 3 B
TRADITIONALISTS DESIGNERS GENERALISTS HIGH INVESTORS

Performance Measure [n = 59] A= 12] [n = 29] [n = 12]
PROFIT (1996) (3) (3) (1,2)

Cluster Mean 4.40 3.60 5.31 4.74 F=4.88

Standard Error 1.39 1.49 1.05 1.39 p<0.01
GROWTH (1996)

Cluster Mean 450 433 522 1.80 F=23

Standard Error 1.395 1.23 1.06 1.44 p=0.08

Note: Technology groups are based on 1934 data, while performance is from 1994 data (top half of table) and 1996 (bottom half of table). Numbers in parentheses
indicate the group numbers from which this group was significantly different at the p < 0.05 level according to the Scheffe pairwise comparison procedure. F statistics
and associated p-values are derived from one-wav ANOVAs.

- Boyer, K.K. “Evolutionary Patterns of Flexible Automation and
| THE OmIo STATE UNIVERSITY  performance: A Longitudinal Study”, Management Science, Vol. 45, 11
B FISHER COLLEGE OF BUSINESS NO 6 1999 pp 824_842
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Table 8 Objective Performance Measures

Objective Performance Measure Low AMT Investment n High AMT Investment n F p
Sales Growth 9.16% i 16.27% 34 4.80 0.03
Manufacturing Costs 58.49% 44 57.23% 27 0.06 0.81
Return on Sales 9.39% 33 12.04% 21 0.92 0.34
Earnings Growth 5.95% 33 18.03% 20 0.96 0.33
Market Share 34.00% 45 38.44% 25 0.46 0.50

_ Boyer, K.K. “Evolutionary Patterns of Flexible Automation and
) THE Omio STATE UNIVERSITY  Performance: A Longitudinal Study”, Management Science, Vol. 45, 12
W FISHER COLLEGE OF BUSINESS NO 6 1999 pp 824'842
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Lesssons/Findings

» Technical Leadership Matters
* Benefits are not immediate

 Workforce Enhancement is
critical

e Some Evidence that
Discontinuous or “All In”
investment is best
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Healthcare ITNews .

Study: Health IT spending to top $34.5B

Well-positioned vendors could secure lion's share

HAMPTOM, M.H. | Auvgust 20, 2013
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ObamaCare’s Electronic-Records Debacle

The rule raises health-care costs even as it means doctors see fewer patients while providing worse care.

THE WALL STREET JOURNAL.

.
L

U.s.

HOW THE DIGITAL REVOLUTION

WILL CREATE BETTER HEALTH CARE

HEALTH

ERIC TOPOL, M. How Electronic Medical Records
e Distract Nurses—and Harm Patients
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Sharma, L., Chandrasekaran, A, Boyer, K.K, McDermott, C., 2016,
“The Impact of Health Information Technology Bundles on Hospital
Performance”, Journal of Operations Management.
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Positive Neutral Negative
Devaraj & Kohli. (2000; 2003) Linder et al., 2007 Ash, Berg, & Coiera, 2004
Queenan, Angst & Devaraj DesRoches et al. 2010; Han et al. 2005
(2011)
Angst, Devaraj & D'Arcy McCullough, Casey, Moscovice, Koppel et al. 2005
(2012) & Prasad, 2010

Reasons for Mixed results in Literature
» Focus on a small number of technologies
= Focus on specific hospital settings
= Single performance dimension
= Focus on final quality of care measures such as mortality and readmissions.
= Use of Cross Sectional data
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= [ntegration of multiple technologies
» Recognition of the critical importance of human capital (i.e. the interaction

between users and systems)

Examining HIT as an amalgamation of multiple technologies.
Recognizing the degree of interface between HIT and different types
users (e.g. physicians, nurses, technicians).

Use of a large longitudinal data set of 3615 US hospitals from the 2007-

2012
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1
High . i
I Augmented :
T I Clinical HIT !
Extent of ! :
Patient I I
Centered : :
integration : :
Medium : :
I ]
e a e oy, =k o S|
Administrative
HIT
None
Low Medivm High
Extent of Caregiver interaction —»
Administrative HIT Clinical HIT Augmented Clinical HIT
Core Administrative support and Patient data collection, Patient data integration, reporting
Functions data integration. diagnosis and treatment and decision support.
Typical Users Administrative Staff Technicians, Nurses and Nurses and Physicians
Physicians
Major Pre HITECH Act. Continued Continued emphasis since the Continued emphasis post the
Emphasis on emphasis since the 1980s 1990s HITECH Act.

Adoption

, Toe Norn Crare TTarueoerry
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HIMSS tracks maturity of EMR adoption through its EMR adoption model.
EMR adoption model is used as a basis to determine
EMR HITs

= Pharmacy Information System

= Laboratory Information System

» Radiology Information System

= (Clinical Data Repository (CDR)

= Nursing Documentation

= Electronic medical administration records (EMAR)
= Clinical decision support (CDS)

= Computerized physician order entry (CPOE)

ﬁ THE OHIO STATE UNIVERSITY
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Clinical HIT: Deals with collection, testing and processing of patient data for medica )g-
purposes or in treating patients.

Augmented Clinical HIT: Integrates several Clinical HIT systems and adds decision
support and reporting capabilities to the data collected by clinical systems.

Administrative HIT: Associated with financial and administrative information flows
within a hospital.

Conformance Quality: The degree of adherence to the Center of Medicare and
Medicaid Services (CMS) process of care measures at a hospital.

Experiential Quality: The quality of interactions between the caregivers and patients
as perceived by the patient at a hospital.

Cost: The operating costs incurred by a hospital per bed.

ﬁ THE OHIO STATE UNIVERSITY
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Hospital Performance
Clinical HIT
Cost
Conformance
Quality

\ 7

, Experiential
Augmented Clinical Quality
HIT
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Controls

Administrative HIT
Year
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Teaching intensity
Case Mix index
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DATA SOURCES
Data on 3650 US acute care hospitals from 2007-12
Four secondary databases combined for this study
HIMSS Analytics database for HIT adoption process
CMS process of care for conformance quality

CMS HCAHPS for caregiver communication
CMS Cost reports for Operating cost

METHODS
Q-Sort to group HITs into Clinical, Augmented Clinical and Administrative

Instrument variable 2 stage least squares within effects estimator
Uses lagged values of endogenous variables as instruments.
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Complementarities between Clinical and Augmented Clinical HIT
with respect to process of care outcomes but not with respect to
cost outcomes

EMR HITs have complementarities with Clinical HITs for
conformance quality while negative synergies are observed for cost
performance.

Non-EMR HITs have complementarities with Clinical HITs for cost
and experiential quality
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I T/Automation Initiatives for FoF?

AUTOMATION IT/AUTOMATION
REQUIREMENTS INITIATIVES
* |nformation as well as e AutoID/loT
mechanical automation “‘ » [distributed] Al,
* Product/order tracking Agents, cyber phys
* Resilient to changes ?  Big Data
* Support customisation ] » Intelligent Products
« Multiple locations  Physical Internet
« Services as well as
products
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Auto ID Systems

What is the challenge?

Using RFID/QR/Bluetooth/RTLS to detect
item level movements in industrial supply
chains to answer operational T&T issues.

123456

== s

Outputs

Accurate tracking across multiple
locations

Traceability / pedigree
guarantees

Physical Items on network

Benefits?

Inventory & labour reduction
Reduced lost time

Improved operational decision
making in production & logistics

tM



Distributed & Automated Intelligence

What is the challenge? Outputs

Development of appropriate solutions for - Adaptable control systems with
embedding intelligence into industrial limited fixed rules

products and resources to allow them to

interaction & steer / influence their own  Inherent disruption resilience through
operations - reactive approach

« Ability to interact with / reason about
changing order requirements

|
J

‘B UNIVERSITY OF
<y CAMBRIDGE




Intelligent Products & Orders

What is the challenge? Benefits?

Enabling a physical order or product to «  Support customer preferences in

support or influence the way it is made, manufacturing & logistics

stored or transported Provide manufacturer or logistics provider

with capability to manage high levels of
customisation

N

Customised violin
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[Industrial] Big Data

What is the challenge? Benefits?

Efficiently collecting, aggregating an +  Reduced manual data management
analysing large data volumes originating

from many different sources

» Access to new data sources
» Leverage data analytics tools
 Examine SC wide issues & beyond
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Industrial loT — evolution not revolution
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& &
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1. BASE: Monitoring
condition and location of
orders

2. INTEGRATED: Ability to
check product integrity,
order status, quality
conditions

3. INTELLIGENT: Ability to
allow for controlled
customisation of orders,
adaptation in the face of
quality issues / delays

tM



Physical Internet [for Goods Logistics]

Benefits:
World Wide Web (WWW) « Modular Containers
Digital Internet - Packet based approach to transport
Digital Information Packets - Standardised nodes / routes for logistics

* Resilient to some disruptions

-1'-LF':=:~;.;F£I ;.: l..'.il"i :r'-.-:
Ul RN
SA .
=

Connecting Physical Objects through WWW

Internet of Things
Smart Networked Objects

Open Logistics Web

Physical Internet
Smart Physical Packets
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* Product/order tracking - Agents, cyber phys
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| T/Automation Initiatives for FoF?

FACTORIES OF THE FUTURE
requirements l ‘ addressing
AUTOMATION CHALLENGES

requirements l ‘ addressing

IT /AUTOMATION INITIATIVES
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Situation awar eness as a building block of purchasing and supply management
capability

Harri Lorentz, Associate Professor, Turku School of Economics, University of Turku
Rehtorinpellonkatu 3, 20500 Turku, +358 50 502 787, harri.lorentz@utu.fi

Abstract

This conceptual paper reviews the situation awareness literature for PSM insights, and
proposes a PSM relevant situation awareness model with implications to theory and practice.
The review considers the concept of situation awareness, its applicability and relevancein
various contexts, the challenges for achieving situation awareness, and the aspects of
improving situation awareness. It is concluded that despite PSM differing from the usual
contexts of application of the situation awareness concept, many of its potential
characteristics make situation awareness a highly relevant perspective for purchasing
professionals, as situation awareness enables PSM function to adapt to the environment, and
to retain relevance and reach its strategic potential. By elaborating the three-level model of
situation awareness (Endsley, 1995) from the PSM perspective, we focus attention on the
individual as adecision maker and change agent in PSM. Further research on e.g. category
cards, sourcing levers and future planning in PSM are proposed.

Key words: purchasing, supply management, situation awareness, capability, decisions

1. Introduction

Compelling theoretical argumentation has been presented in support of the contribution of
purchasing and supply management (PSM) on the competitive advantage of the firm (e.g.
Barney, 2012). These resource-based view (RBV; e.g. Wernerfel, 1984; Peteraf, 1993) -
grounded perspectives focus on building and maintai ning heterogeneous PSM capabilities,
which should be valuable, rare, inimitable and not easily substitutable (Barney 1991). Indeed,
whether PSM is strategic, and therefore with asimilar level of impact, has been argued to be
associated with the function’s ability to develop superior capabilities (van Weele and van
Raaij, 2014). Building and devel oping such capabilities for ‘external resource management’
(van Weele and van Raaij, 2014) may be chalenging, especially with the hypothesis that
internally grown capabilities are more likely to meet the characteristics that contribute to
sustainable competitive advantage (Barney, 2012).

The capability to form combinations of internal and external resources for capturing business
opportunities, as well as finding and managing the best available external resources
(Tanskanen et al., 2014) lies at the heart of external resource management. Indeed, “whether
PSM is strategic depends on its ability ... to develop and sustain superior codified knowledge
of markets and supply chains” (van Weele and van Raaij, 2014, 68). However, the challenge
in this strategic effort lies in the fact that comprehending the state of and detecting changesin
the possibly dynamic and uncertain external resource pool requires agreat deal of time and
effort from the purchasing professionals, and thus cannot be taken for granted. Extant
literature on for example absorptive capacity (Cohen and Levinthal, 1990), point out the
significance of ‘firm’s capability to identify and acquire externally generated knowledge that
is critical to its operations’, as well as “firm’s routines and processes that allow it to analyze,
process, interpret, and understand the information obtained from external sources (Zahra and
George, 2002), on innovative performance and competitive advantage of firms (e.g. Chen et



al., 2009; Kostopoulos et al., 2011). While useful for understanding adaptation of companies
in response to external knowledge, “the specific organizational routines and processes that
constitute absorptive capacity capabilities remain a black box”, encouraging research on the
microfoundations of this concept (Lewin et al., 2011, 81). Relatedly, the attention-based view
of the firm (Ocasio, 1997), seeks to explain “how managerial attention is allocated for the
identification and evaluation of potential opportunities” (Shepherd et al., 2016), whereas
various cognitive theories have been suggested to explain entrepreneurs’ opportunity
recognition and exploitation (Zahra et a., 2005). Despite these efforts, the practical building
blocks for firm’s adaptation capability remain elusive.

In this paper, anovel approach is taken for understanding the routines that may serve as
capability building blocks (Peng et a., 2008; Wu et a., 2010) for developing and sustaining
superior knowledge of markets and supply chainsin the PSM function, needed for adaptation
and alignment. We draw on the body of literature and theories on “situation awareness”,
prominent in the safety science in general, and the aviation industry in particular, which can
be defined in general terms as “individual’s dynamic awareness of the ongoing external
situation” (Salmon et al., 2008, 299). Situation awareness, or the lack of it, has been attributed
as acausal factor in significant mgority of those aviation accidents, in which human error
was the magjor cause, implying the importance of the concept in many other fields of
application.

Having been only rarely applied in the field of management (e.g. Bonney et al., 2016), the
situation awareness perspective offers tested and practice-based insights that may be applied
to business management, and particularly to PSM, which has a salient focus on the external
environment. In short, the aim of this paper is (1) to review the situation awareness literature
for PSM relevant insights, and (2) to propose a PSM relevant situation awareness model with
implications to theory and practice. With these aims, we contribute to the understanding of the
microfoundations (e.g. Felin et a., 2012) and components elements of PSM capabilities, such
as various resources, routines, and operational and dynamic capabilities (Peng et a., 2008).

2. Takeaways from the situation awar eness literature
2.1 Concept of situation awareness

The most broadly accepted definition for situation awareness is the one offered by Endsley
(1988, 97; see Stanton et al. 2001): “the perception of the elements in the environment within
avolume of time and space, the comprehension of their meaning, and the projection of their
status in the near future.” This definition leads to a model of situation awareness, in which
corresponding three processes of “situation assessment” contribute to achieving, acquiring
and maintaining a state of knowledge, or in other words, situation awareness (Endsley, 1995).
These processes are at level 1, perception of elements in the current situation, at level 2,
comprehension of current status, and at level 3, projection of future state. Despite some
criticism (e.g. Dekker and Hollnagel, 2004), this three-level model of situation awareness has
served as a foundation in many studies and fields of application (e.g. Bonney et a., 2016;
Golestan et al., 2016; Panteli and Kirschen, 2015; Webb et al., 2014; Fore and Sculli, 2013).
Responding to criticism on the model, Endsley (2015) underscores that the three levels are not
linear but rather ascending stages, that the model accommodates both data driven (bottom-up)
and goa driven (top-down) processing, that both the process (assessment) and the product
(awareness) are covered by the model, that the model is dynamic in nature incorporating
“ongoing cycles of gathering, interpreting, and projecting information” (Endsley, 2015, 12).



For the benefit of the reader, we provide examples of the levels, drawing on Endsley (1995).
Thefirst level or step in achieving situation awareness is “to perceive the status, attributes,
and dynamics of relevant elements in the environment...”, and so “a pilot would perceive
elements such as aircraft, mountains, or warning lights along with their relevant
characteristics (e.g. color, size, speed, location)... a tactical commander needs accurate data
on the location, type, number, capabilities and dynamics of all enemy and friendly forcesin a
given area and their relationships” (p. 36). The second level or step is more than being aware
of current elements, as it includes “an understanding of the significance of those elementsin
light of pertinent operator goals”, and so a“military pilot or tactical commander must
comprehend that the appearance of three enemy aircraft within a certain proximity of one
another and in a certain geographical location indicates certain things” about the objectives of
the operators (Endsley, 1995, 37). Findly, projecting future actions or states of the elements
in the environment “at least in the very near term” is the essence of the final level (Endsley,
1995). “...knowing that a threat aircraft is currently offensive and isin a certain location
allows afighter pilot or military commander to project that the aircraft islikely to attack ina
given manner”, provides the operators the necessary knowledge to plan actions for meeting
their objectives (Endsley, 1995, 37).

In the PSM context, a purchasing manager may observe elements such as suppliers,
replenishment deliveries, inventories, internal customers, key performance indicators, and
their states, as part of alevel 1 process that leads to abasic level of situation awareness. At
level 2, the purchasing manager draws on his or her knowledge on the goals and objectives of
the PSM function and the category, and understands the significance of the elements and their
states. For example, late delivery of key items might be flagged as an important event, a
natural disaster at a key source location might be inferred to have implications in terms of
availability or global commodity pricing, or the appearance of a new technology at the supply
base might be noticed as interesting for the buying firm. At level 3, the purchasing manager,
respectively, projects aneed for a new supplier, higher commodity price levelsin certain time
window, and a potentially disruptive effect of the new technology as a key component in the
firm’s or its competitors’ products.

2.2 Applicability and relevance of situation awareness

The previously mentioned quotation about the time horizon of projections at level 3
emphasizes mainly the very near term, with situation awareness usually applied to
“operational situations”, such as driving a car, treating a patient, directing air traffic (e.g. Fore
and Sculli, 2013). However, the literature seems to have aso applied the concept for contexts
where the urgency of making decisions based on situation awareness (Endsley, 1995) isless
pressing, such asin terms of the cyber security (Franke and Brynielsson, 2014) or space
(McCormick, 2015). High level of situation awareness in certain contexts might require
extending future projections from the “very near term” to short, medium or even long term.
Based on the above descriptions, and drawing on the theory on task complexity (e.g. Liu and
Li, 2012), it may be that the relevance of developing and maintaining situation awareness
increases with increases in detail and dynamic complexity (e.g. Bozarth et al., 2009), as well
as the urgency, importance or riskiness of making correct decisions (Panteli and Kirschen,
2015; Gaba and Howard, 1995). For example, multi-casualty incidents with life-and-death
decisions (Busby and Witucki-Brown, 2011) have at least higher detail complexity in
comparison to single-casualty contexts and they also may score high in terms of urgency,
whereas a military context might demonstrate high levelsin all the dimensions. Crucially, loss
of situational awareness has been suggested as detrimental for system performance (Stanton et



al., 2001), and it islikely that high complexity increases the time for additional diagnosis
work needed for regaining situation awareness.

The PSM context may demonstrate high detail complexity with many suppliers and items, as
well as dynamic complexity with changing requirements, technologies, supply markets etc.
The urgency for making operationa decisions may not be as high asin nursing (Fore and
Sculli, 2013), primary care (Singh et al., 2012), anesthesiology (Gaba and Howard, 1995) or
offshore drilling (Sneddon et al., 2006), however, the financial implications of PSM decision
for the firm may be high, and in some cases a customer further down the supply chain may
suffer aswell. The nature of situation awareness required in business contexts may thus be
different in comparison to the type that is required in aviation, military or medical care,
especially in terms of the third level. In any case, “situation awareness is an integral feature of
expert performance in any human endeavor involving the cognitive profile of dynamism,
complexity, uncertainty, and risk” (Gaba and Howard, 1995).

Indeed, varying characteristics of contexts may imply different emphasis or nature of the
processes that contribute to situational awareness. Webb et a. (2014) focus on information
security risk management and suggest three endemic deficienciesin this areawith
implications to situation awareness. They suggest that “significant sources of risk are not
being taken into consideration during the risk management process”, that risk assessment is
not evidence-based but rather speculative, and that “information security risk assessment is
commonly performed on an intermittent, non-historical basis” (Webb et al., 2014, 3-4), and
go on to suggest a situation awareness model that addresses these deficiencies, by proposing
comprehensive risk identification, feedback loops for evidence-based risk estimation, and
continuous referencing of intelligence for becoming aware of short and long-term trends.
Taking into consideration redlities in terms of many firms’ resource pools, any practical
implementation must for example prioritize efforts, produce actionable intelligence in timely
manner and establish trust with the intelligence sources (Webb et al., 2014).

Given the non-strategic nature and status of PSM in many firms (Quayle, 2002; Zheng et dl.,
2007), itislikely that attention of purchasing managers does not adequately cover all or even
the most relevant aspects of the supply market or the internal supply context, the perceived
and presented states deviate from the actua state of supply (see Panteli and Kirschen, 2015),
and the effort to gather, process and share actionable intelligence market and spend is
intermittent at best. In essence, thereislikely to be room for improvement in terms of
situation awareness of purchasing professionals, especialy in terms of accessto data, asthis
islikely to be more unstructured and inaccessible in comparison to for example aviation,
where systems and technol ogies produce a stream of information and alerts. Therefore, the
prioritization of efforts for situational awareness is particularly important in PSM where an
infinite amount of time could most likely be spent in collecting and analyzing the supply
market intelligence.

2.3 Challenges for situation awareness

In the three-level model by Endsley (1988; 1995), there are also certain task/system factors, as
well asindividual factors that influence the processes contributing to situation awareness,
consequent decision making and performance of actions. System capability, interface design,
stress and workload, complexity and automation are mentioned as proposed as influential
task/system factors, whereas, in addition to the previously mentioned goals and objectives of
the operator, information processing mechanisms of individuals, based on abilities,

experience and training, influence the situation awareness that can be gained from an input.
Furthermore, the difficulty of achieving and maintaining situation awareness have been



attributed to eight situation awareness demons (Endsley and Connors, 2008, 2): “(1)
attentional narrowing — as humans easily fall prey to attentional narrowing, systems need to
support multitasking across multiple goals and decisions; (2) requisite memory trap — systems
should not require operators to hold information in memory, since short term memory is
limited and easily disrupted; (3) workload, fatigue and other stressors — these factors all act to
reduce aready limited working memory and disrupt information acquisition; (4) data
overload — the volume and rate of change of data in many systems can outpace operators’
abilities to keep up with it; (5) misplaced salience — the overuse of prominent visual features
such as bright colors and flashing lights overwhelm and misdirect operators’ attention; (6)
complexity creep — the more complex the system, the harder it is for operators to develop
accurate situation comprehension and projection; (7) errant mental models — without good
mental models of how a system operates being triggered, it is easy to misinterpret data based
on how adifferent part of the system works; (8) out-of-the-loop syndrome — highly automated
systems can leave operators with low awareness of the state of the system.” In addition to
these more generally applicable sources of difficulty, for example Panteli and Kirschen
(2015) summarise factors that govern operator situational awareness in power system control
centers. These include environmental factors (graphical user interfaces), automation (reduces
workload but excludes the operator), individual factors (experience and training, data and
information sharing (inability to coordinate actions), hardware and software applications
(critical role), and real-time measurements (delay causes false sense of security). The above
factors may also be mapped into a situation awareness error taxonomy, aligned with the three-
level model, namely failure to correctly perceive the situation (level 1; e.g. due to data not
available or failure to scan), failure to comprehend the situation (level 2; e.g. dueto lack of or
poor mental model), and failure to project the situation into the future (level 3; e.g. dueto lack
of or poor mental model).

In the PSM context, some demons are driven by the tendency for fire-fighting in PSM, or the
“allocation of scarce resources to solve unanticipated problems” (Repenning, 2001), which
may compete and crowd-out attention for detecting changes and opportunitiesin general, or
make managers more inclined to focus on top-down processing, as thisis perceived more
efficient and time saving (Shepherd et al., 2016). Firefighting may be proposed to drive
attentional narrowing (demon 1), increase workload (demon 3), and increase the salience of
irrelevant aspects of PSM (demon 5). Proper organization for PSM and category structures
and teams may remedy some of the above (Heikkild and Kaipia, 2009). In terms of demon 4,
the problem may in fact be more at the side of data scarcity, as the systems for generating data
about the external environment of PSM are yet largely nonexistent, whereas advances have
been made in terms of internal spend visibility. With often increasing amount of sourcing
areas, suppliers and items (due to product proliferation), complexity creep (demon 6) islikely
to be one of the most significant situation awareness demons in PSM. Demon 7 may be
remedied with training and encouraging alearning organization (e.g. Senge, 2006). Therole
of demon 8 may be increasing as automated purchasing systems become more common
(Rantala and Hilmola, 2005).

2.4 lmproving situation awareness

While domain specific applications for improving situation awareness have been presented in
the literature (e.g. Webb et al., 2014; Brady et a., 2013), more general principles have been
presented as well, some focusing solely on the human-machine interface design (Endsley,
1995), due to the origins of the concept in aviation. Interestingly, Gaba and Howard (1995)
suggest that situation awareness is a generic cognitive skill that can be taught and learned, and
that decision makers should remain aware of three aspects of situations, namely subtle cues,



evolving situations and special knowledge elements. For detecting and interpreting subtle
cues, operators should practice scanning the environment and use checklists, train for
allocation of attention by practicing multi-tasking, and train for situation assessment and
pattern matching of cues to fault conditions. For adapting to evolving situations, operators
must prepare for responding to early cues, and maintain flexibility to avoid, abandon or
modify typical standard operating procedures. Special knowledge el ements discriminate
between the usual situation and the atypical situation, and therefore review of case events
with recognition of the case characteristics and the larger context with interdependencies
should be undertaken (Gaba and Howard, 1995). Domain-specific insights on improving
situation awareness suggest for example the beneficia effect of display design in aircraft
cockpits (Andre et al., 1991), inpatient huddles for ensuring addressing of risks (Brady et al.,
2013), cross-training in military personnel recovery (Bolstad et a., 2005), and the use of
social mediain crisis and disaster management context (Yin et al., 2012).

In the PSM context, time and effort should be used in scanning the supply base and market,
with templates and plans facilitating the direction of attention in typical multi-tasking
contexts. Developing an understanding of typical cause-effect patternsin PSM, and their
contingencies, through training, experience and learning, is crucial for assessing situations
correctly, reaching high-level situation awareness, and making right decisions for
improvement, response and innovation in PSM. Breaking off from standard operating
procedures in PSM, may require a certain degree of exploration and ambidextrous orientation
(March, 1991) in the function, with top management support establishing the conditions for
devel oping the function. PSM should also be involved in top-management teams and strategic
decision making (Tassabehji and Moorhouse, 2008), in order to be exposed to all the relevant
information regarding the company and understand the interdependencies of PSM decisions.

3. Applying Endsley’s three-level model to PSM

In this section, we consider the Endsley (1995) three-level situation awareness model from the
perspective of PSM (Figure 1), by drawing on the above discussion as well as some additional
literature.



Figure 1 Model of situation awarenessin PSM (adapted from Endsley, 1995)

Starting from the | eft side of the model in Figure 1, the PSM environment may be usefully
classified into externa and internal, as knowledge acquisition may take place from the supply
base (i.e. suppliers used by the buying firm), the broader supply market (all possible
suppliers; Kilpi et a.), or from stakeholders and customers. The internal environment
comprises other functions in the firm, being in some cases the internal customers, financial
context and so forth. Due to the role of PSM as matching external and internal resources for
best possible combinations (Tanskanen et a., 2014), the environment to be covered is broad
and varied, requiring 360 degree scanning. Furthermore, due to organizational boundaries and
for example physical or cultural distance (Berry et a., 2010), access to relevant information
about the external or internal environment may also be quite difficult gain. Indeed, the
elements of which perception are formed at the level 1 situation assessment, include source
locations, suppliers, categories, items and services to be purchased, inventories, deliveries and
so forth. The elements themselves or changes therein serve as cues that may subtle and
difficult to identify among the noise (Gaba and Howard, 1995). At level 1, the cognitive
processes by the purchasing manager are characterized by such questions as “What is this
information?” (Singh et al., 2012) and “What are these cues?” (cf. Gaba and Howard, 1995).
Routines that contribute to situation awareness at thislevel may be supply market research,
supplier audits and monitoring, spend analysis (Smart and Dudas, 2007), aswell asanaysis
of own and suppliers’ technology and product roadmaps. The concept of supply market
intelligence as aroutine is often somewhat unstructured in practice, involving many implicit
activities, and making the purposeful development of this routine difficult (Lorentz et al.,
2016). Therefore, templates or scripts, i.e. “schematic knowledge structure held in memory
that specifies behavior or event sequences that are appropriate for specific situations” (Gioia



and Poole, 1984), are needed to make the routines associated with level 1 assessment more
explicit and as part of the toolbox of purchasing managers.

Level 2 is characterized by questions such as “What does this mean?” (Singh et al., 2012).
Here we may a so consider the information processing mechanisms that influence situation
assessment as individual level factors (Figure 1). On one hand, top-down attentional
processing “help top managers achieve efficiency, predictability, and reliability by directing
their attention toward aspects of the environment that are expected to reveal potential
opportunities and away from aspects that are not expected to be important” (Shepherd et al.,
2016). Experience, heuristics and knowledge structures, or cognitive frameworks (McNamara
et al., 2002), serve as the “kind of mental template[s] that individuals impose on an
information environment to give it form and meaning” (Walsh, 1995, 281). On the other hand,
by engaging in more bottom-up attentional processing, “top managers allow the environment
to capture attention”, involving “the features and/or properties inherent in the situation that
draw attention to themselves even when individuals are not actively searching for them”
(Shepherd et al., 2016). Interestingly, theory suggests that the top-down attentional processing
ismore likely to result in noting incremental changes in the environment, and thus similarly
oriented development opportunities or actions, whereas bottom-up attentional processing
should be associated with noting discontinuous changes, and thus more radical devel opment
opportunities and actions (Shepherd et a., 2016). Furthermore, too much focus on either one
may result in missing unexpected signals in the environment, or risking reinventing the wheel
and being burdened with complexity, underscoring the importance of appropriately balanced
attention allocation (a core issue in the attention-based view; Ocasio, 1997).

It follows that we might ask the following: does the manager recognise opportunitiesin
bottom-up processing, or, what is the manager looking for in top-down processing (Figure 1)?
For the first one, the above discussion suggests a need for “mental templates”, and
additionally, previous discussion points out the importance of enabling pattern matching of
cuesto fault conditions and potential remedies and actions (Gaba and Howard, 1995). Here
PSM research may contribute to the improvement of practice by attempting to produce
taxonomies of fault conditions or failure modesin PSM, as well as further testing and refining
taxonomies of levers for improving sourcing performance (Schiele, 2007; Schieleet al.,
2011). The aim would be to prepare practitioners better for comprehending the meaning of
cues that they perceive in the environment. In terms of top-down processing, the manager is
subject to the comprehension of goals and objectives of the PSM function as well as the entire
firm (Figure 1). Better knowledge and alignment may be achieved by greater integration,
status and involvement in top-level decision making, as well as raising the competence level
of the operators of the purchasing and supply system, thereby increasing the purchasing
absorptive capacity in the function (Schiele, 2007). Relevantly, the model points out the role
of managers’ abilities, experience and training as determinants of several individual factors
that influence situation awareness and decision making. Cross-functional job rotation, cross-
industry experience, and case-based education prepare managers for better comprehending the
situation, as these allow the purchasing managers to understand the internal customer
perspective and accumulate skills in pattern matching. It should also be noted that research
shows purchasing managers to be liable to several decision making biases, for example
concerning source location (country / region) selection (Carter et a., 2008;2010).

Level 3 is characterized with managers asking questions such as “What is likely to occur?”
(Singh et al., 2012). The above discussion pointed out the need to go beyond the “very near
term”, due to the characteristics of PSM. It might be necessary for the PSM function to
project forward up to even medium or long-term, depending on the characteristics of the PSM



context in general and the characteristics of critical items or categoriesin particular. In
making proj ections, managers would again benefit from accumul ating cause-effect patternsin
their mental model repertoire; however, the PSM practitioners would be likely to benefit from
applying scenario planning and customized roadmapping concepts and tools (Phaal and
Muller, 2009). The function seems to often suffer from resource scarcity and lack of strategic
perspective, making such structured efforts for projection rare.

Finally, the several PSM related task and system level factors influence the process for
achieving situation awareness, making decisions and the performance of actions (Figure 1).
The capability of the system for example for supporting the processes for situation awareness,
include ERP systems, and software for spend analytics, e-procurement and supplier
relationship management. These can greatly enhance situation awareness, however, it may be
difficult to automate parts of the supply market intelligence routines, making knowledge
management systems critically important in order to make the existing knowledge in the
organization structured and accessible to others. In human-machine contexts, interface design
appears to important, whereas in management contexts, this is substituted by organisations
and teams, based on for example category structures that break spend into manageable parts
(Heikkila and Kaipia, 2009), and reduce complexity. In many cases, resource scarcity in PSM
causes firefighting (Repenning, 2001), and stress and high workloads, crowding out routines
for situation awareness and especially bottom-up information processing (Shepherd et al.,
2016). Finaly, automation in PSM, for example in terms of replenishment order generation
(Rantala and Hilmola, 2005), is a double-edged sword, giving managers more time for
complicated routines, but simultaneously risking excluding managers from the loop and
reducing situation awareness and intervention ability in failure modes (Endsley and Kiris,
1995).

4. Conclusions and implications

This paper makes a contribution to the PSM literature by reviewing the situation awareness
literature for PSM relevant insights, and by proposing a PSM relevant situation awareness
model with implications to theory and practice. The review considered the concept of
situation awareness, its applicability and relevance in various contexts, the challenges for
achieving situation awareness, and the aspects of improving situation awareness. It is
concluded that despite PSM differing from the usual contexts of application of the situation
awareness concept, many of its potential characteristics make it a highly relevant perspective
for purchasing professionals. Routines that underlie and contribute to situation awareness,
may be classified as for example “search routines”, as they the execution of such procedures
“bring about desirable changes in the existing set of operating routines or devel oping new
ones” (Peng et al., 2008). And as such, they contribute to dynamic capabilities in PSM, as the
“ability to integrate, build, and reconfigure internal and external competences to address
rapidly changing environments” (Teece et al., 1997). In essence, situation awareness enables
PSM function to adapt to the environment, and retain its relevance and reach its strategic
potential. It is suggested that future research should address the microfoundations of dynamic
capabilitiesin PSM, potentially drawing on the situation awareness concept.

By elaborating the three-level model of situation awareness (Endsley, 1995) from the PSM
perspective, we further pointed out its relevance for this domain, and focused attention on the
individual as a decision maker and change agent in PSM. The model raises awareness of the
routines, individual and task characteristics that enable decision making and high-
performance action, and ultimately the success of a purchasing manager. As such, the
situation awareness concept and our elaborations, should be interesting to practitioners, by



pointing out the necessity of supporting routines, and for researchers, by suggesting further
research on the individual as a microfoundation of PSM capability (Felin et a., 2012).

Asfurther research, we suggest to address all the underlying routines for supporting level 1, 2
and 3 assessments for greater situation awareness. First, research should devel op frameworks
and scripts for collecting, analyzing and distributing supply market intelligence, as the
knowledge base in this areais quite immature. Second, the taxonomy of sourcing levers,
elaborated by Schiele (2007), should be refined and tested, and integrated into practical tools
such as category cards, as enablers of devel oping sourcing tactics and improved opportunity
perception. Third, a roadmapping concept for future oriented development in PSM should be
conceptualized and devel oped into a practical tool. First practical attempts by the authorsin
this regard indicate great interest from companies and suggest that a successful application
includes both demand and supply market future projections (e.g. 5 years forward), which are
then linked with understandings on corresponding internal customer requirements, supplier
base development plans, as well as PSM function capability development plansin atimeline.
With raising awareness and applying the to-be-devel oped concepts and tools, situation
awareness can be raised in individual purchasing managers as well asin PSM teams, with
beneficia effects on decisions and performance.
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5.2 Differences in skills of the total operationd&ivery staffs in case sites (Step 2-3)

The following data are the differences in skillstoé total operation of delivery staffs in case
sites. Table 1 and 2 shows the differences inss&ilthe total operation of delivery personnel.
Table 1 indicates staffs of maximum and minimunfetlédnces of each staff. Stdffandi are
totally the staff of the maximum differences of leataff. A combination of staffs of the
largest differences is sta#f& i from Table 2. They has four skills of the largdetence size
amount of loaddaily inspectioranda check for going into customer’s homecombination

of staffs of the smallest differences is staf& n.

Table 1. Differences in the observations of delivery perssi{x1.t)

Difference Maximum Minimum
Staff(t]_) Staff(t2) X112 Staff (t2) Xi1:t2
a i 23.0 m, n 11.0
b c,0 26.0 a 14.0
C b 26.0 d 5.0
d b 21.0 c, h 5.0
e i 27.0 d 7.0
f i 24.0 i 12.0
g b 24.0 n 3.0
h b 24.0 d 5.0
i e 27.0 | 18.0
i i 25.0 m, n 7.0
k i 23.0 i 10.0
[ b 23.0 h 7.0
m i 24.0 n 2.0
n i 26.0 m 2.0
o] b 26.0 | 11.0
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Table 3 and 4 shows the differences in skills eftiital operation of delivery personnel and
supervisors. Table 3 indicates staffs of maximund aminimum differences of each
supervisor. Stafb andi are the staff of the maximum difference of eachesusor. Staffg
andn are the staff of the minimum difference of eachesuisor. A combination of staff and



supervisor of the largest difference is staf& supervisor « from Table 4. They has four
skills of the large differenceamount of load classification of delivery routes, positon of
packageandthedirection of the package when deliver to a custorAetombination of staff
and supervisor of the smallest difference is staéifsupervisor4.

Table 3. Differences in the observations of delivery perssrand supervisors {j

Difference Maximum Minimum
Supervisor(s) Staff ¢) Xst Staff () Xsit
o i 27.0 n 3.0
B i 29.5 g, n 13.5
y i 27.0 g 7.0
A i 26.0 n 2.0
& b 30.5 n 12.5
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Table 5 and 6 shows the differences in skills @f tibtal operation of supervisors. Table 5
indicates supervisors of maximum and minimum déferes of each supervisors. Supervisor
B and ¢ are the supervisor of the maximum difference ahesupervisor. A combination
of supervisors of the largest difference is supenvi3 & ¢ from Table 6. They has two
skills of the large differenceriginal delivery routesand dassification of delivery routes\
combination of staffs of the smallest differencesupervisore & A.

Table 5. Differences in the observations of supervisogs$x

Difference Maximum Minimum
Supervisor(s1) Supervisor$2) Xsi:s2 Supervisorg2) Xsi:s2
a B 12.5 A 1.0
B e 13.0 v, 4 11.5
y & 12.5 a, A 5.0
A B 115 A 1.0
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6. Discussion

‘Mizusumashi’ aims to the just-in-time operatiomlypthe necessary items in the necessary
guantities at the necessary time (Ichikawa 2008)s paper considers that 48 skills of the
home delivery are put for four ideal situationscessary item, necessary quantities and
necessary time and others in Table 7. Most skilsr@lated to necessary time before arriving
customer’s home. Also, delivery staffs naturallyed® to consider attributes of packages
when preparing, loading and giving them. A dairgpection and a manner at customer’s

home will be important for all three performancégust-in time operation.

Table7. A relationship between ideal situation and skillfiome-delivery operation

Ideal situation

Home-delive Necessary items Necessary quantities Necessary time Others
operatiol
| Decision and mapping | ® Shape of package | ® A number of| @ A load per a day
of delivery routes ® Attribute of package ® Estimated delivery|
customer time
[ Designated date and
time
[ Designated address
o Classification of
delivery routes
® Original delivery
routes
® Closing da of
customer
® Tendency of absencs
[ Customer’s at-home
time
[ Delivery order
Il Efficient loading of ® Size ® Number of one|l ® Amount of load
deliverables onto 3 @ Wight customer ® Positon of package
vehicle L] Shape ° In case of not loading
[ Alerting planned all packages
® Damage of package ® In case of being
enough space i
vehicle
° Change of weather
o Traffic rule
IIl Focused driving ® State of road surface
® Utilization state of| ® Daily
road Inspection
® Attention of walkers,| ® Roll-calling
bicycles and cars
L] The way of stop
° The place where stop
o When bad weather
v Timely and | ® Delivered package | ® Weigh ® Noise
hospitality deliver ® Safety delivery ® Neighbors
of the package to the @ A check for going ® Neighborhood
customer into customer’s ® A manner in
home customer’s
° A place to put & home
package
° Direction
L] One voice
° Confirmation of
delivery
[ Sign of deliver

The result obtained from the analysis in the presisection shows that logistic capabilities
of staffb and stafi are different from other staffs and supervisarghk future problem of
the academic side, a mathematical model for optngia combination for a pair-training and
a pair-work will be designed. A dealing of the \&dwof the two staffs are considered in the

design.




7. Concluding remarks

This study suggests the essential skills for tlogp@r operation with a tricycle, a typical small
vehicle with a short turning radius like ‘Mizusurhésn Toyota Production System. As the
result of an extraction of factors of the objectioperation through several discussions
between a home delivery expert and an academiandss, 48 deduced factors are
categorised under 4 main operatioh¥:decision and mapping of the delivery routes, II)
efficient loading of deliverables onto a vehicld) Focused driving, and V) timely and
hospitality delivery of the package to the custanMdoreover, a questionnaire is developed,
incorporating the systematized factors. Subsequetite relevant feedback of workers of
case sites are investigated by the questionnaickttee differences in the observations of the
delivery personnel and supervisors are registarecbugh the discussion based on the result
of the questionnaire, the future direction of tlagidy is considered compared with
‘Mizusumashi’ operation. These findings will be thasic data for the effective training and
education of home delivery operations in the future
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Abstract

This study suggests that the essential skillsHergroper operation with a tricycle, a typical
small vehicle with a short turning radius like ‘Meumashi’ in Toyota Production System, is
necessary to improve service quality in last mitege of home delivery. This study uses an
inductive approach. It is an extraction of factofshe objective operation through several
discussions between a home delivery expert andaseanic researcher. As the result of the
study, 48 deduced factors are categorised undeaid operationsi) decision and mapping
of the delivery routes, Il) efficient loading oflderables onto a vehicle, Ill) focused driving,
and 1V) timely and hospitality delivery of the page to the customer. Moreover, a
guestionnaire is developed, incorporating the syatized factors. Subsequently, the relevant
feedback of workers of case sites are investighyethe questionnaire, and the differences in
the observations of the delivery personnel and rsugmas are registered. These findings will
be the basic data for the effective training andcation of home delivery operations in the
future.

Keywords. Last mile, Home delivery operation, Small vehiahel &kills design, Mizusumashi.

1. Introduction

Home-delivery orders have increased drasticallyr dlie last few years in Japan due to
internet shopping by end users. After leaving @rdistribution centre of a retail company
as shown in Figure 1, ordered package is mainlysprarted to orderer’s house via two
transfer points such as a distribution centre ofnnaty where an orderer lives and a
collection and distribution site close to orderdraise. In particular, the performance of the
total transportation system depends on the deliveryhe last mile stage because the
operation have a direct influence on customer isgom. However, with regards to the
collection and delivery site, the lack of educatard training in how to use a small vehicle
with a short turning radius for delivering withinrasidential area poses problems such as
driving in narrow lanes. Furthermore, inexperiendetivery personnel learn the necessary
job skills from the individual methodology of eashknior delivery staff member and, as a
result, discrepancies in the techniques and siillsome delivery surface. This is a serious
situation, especially when there is an increadeastily unemployed persons and it is feared
that the quality of the delivery service will dease.

Based on the above recognitions, as an initial &iepmproving the current situation, this
study suggests that the essential skills for tlopgar operation with a tricycle, a typical small
vehicle with a short turning radius like ‘Mizusurhdsin Toyota Production System, is
necessary. This paper consists of the followingesesections. Related literature of the last
mile distribution and focused cases are reviewetth@next section. A research procedure is
illustrated in the third section. A result of thedy is described in the fourth, fifth and sixth
sections, and conclusions are given in the finetige.
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2. Research Background

2.1 Related literature

Three related literature have been investigateithénbeginning to the research followed by
the structure as shown in Figure 2. They are I)rake distribution, 2) logistics capability
and 3) ‘Mizusumashi’ operation.

The first one is about the problem focused in gaper. The general way to get products by
customers is traditional shopping at stores or hdelizery shopping. Last-mile deliveries
are considered as the latter type (Boyer 2004,1B2@08). Balclk (2008) suggested that it is
necessary to consider the innovation of this fuumctof the supply chain from three levels of
the value of supplied product (low value, mediurtugaand high value). Important activities
are also arranged every values of the product ffime viewpoints, consumer service,
security & delivery type, geographical & market digyfpenetration, fleet & technology and
the environment. The problem of the last-mile disttion also determines 1) delivery
schedules, 2) vehicle routes and 3) the amountm&rgency supplies delivered to demand
locations during disaster relief operations (Gesa#985). In particular, Gevaers (1985)
attempted to resolve third problem by integer paogning model.

The second one is about the base to improve atgwélihe last-mile distribution mentioned
above. Most of the related studies has used statisinalysis. Cho (2008) analyzed the
relationship among firm’s logistics capability, Istics outsourcing and its performance in an
e-commerce market environment. Fawcett (1997)fedrihe relationship between logistics
capability and logistics performance under the gliglation. Tan (1997) focused a structure
of the linkage between operational capability andricial performance via service quality to
evaluate supply chain performance. However theeeaafew studies of logistics capability
focused in last-mile distribution.

The third one is about the hint to consider thé-taige operation. ‘Mizusumashi’ has been
used in Toyota Production System (TPS) (Ohno 1988d (2014) illustrates that
‘Mizusumashi’, a Japanese word for Water Spider,aisperson who manages the
replenishment tasks to workstations in order toimmire work-in-process inventories.
Ichikawa (2009) also reports that the work by aemat handler strongly affects overall
productivity of the assemble cells by just-in-tineperation. When comparing last-mail
operation to ‘Mizusumashi’ operation, a delivergfsts a material handler, customers’ home
are workstations. To be sure, service quality st-faile operation must be just-in-time level.
Based on the above literature review, this papegstigates current situation of the frontline
of last-mail distribution.

Problem focused Solution of Hint to improve
in this paper focused problem the capability

. Last-mile
Last-mile .
S Logistics
distribution L

capability

Figure 2. Structure of related literature



2.2 Case site

Case company of this study is one representative-piarty logistics company in Japan. The
main service is a logistics to business to custo(Beto-C). They recently emphasize to
develop environmental-friendly vehicles exceptachy a tricycle, in home-delivery service
in urban area. The object of this paper is homerelsl distribution with a tricycle in case

site of the company.

3. Research Procedure

The research procedure of this paper mainly cansisthe following two steps as shown in
Figure 3. The first step is an extraction of fastof the objective operation through several
discussions between a home delivery expert andaeanic researcher. Extracted factors are
arranged to one tree diagram. The second stephhes sub-steps. The first sub-step is a
development of a questionnaire, incorporating fstesnatized factors. The second sub-step
is an investigation of the relevant feedback ofkeos of case sites by the questionnaire. And
the last sub-step is a registration of the diffeemnin the observations of the delivery
personnel and supervisors to manage the delivesppeel.

<
‘ Step 1: Extraction of factors of home-delivery operation ‘

G |

Step 2: Investigation of skills of home-delivery operation |

‘ Step 2-1: Developing questionnaire by the systematized factors ‘

‘ Step 2-2: Investigating the relevant feedback of workers of case sites by the questionnaire ‘

‘ Step 2-3: Registering the differences in the observations among delivery staffs ‘

<

Figure 3. Research procedure of this paper

In step 2-3, the following three equations are useathlculate differences in the observations
of delivery personnel and supervisors.

1) Differences in the observations of delivery persel
Xy, = mey —mey| (=100, =1, ,p, bty = 1,.,Q) (1)

(Differences in skilj of category of two delivery staffs)

2) Differences in the observations of delivery persel and supervisors

xsi];t = |m“-j — i) |(L' =1..,0j=1..,pt=1,.,9s=1,..,71) (2)
(Differences in skilj of categoryi of delivery staft and supervisos)

3) Differences in the observations of supervisors
X5, = |esj — eyl =1,.0,0,) = 1,.,p, 51,8, = 1,...,T) 3)

(Differences in skilj of categoryi of two supervisors)

<Notation>



mey . Self-assessment in home-delivery skdlf category of stafft

. Self-assessment in home-delivery skof category of supervisos
. A total number of categories of home-deliveryliski

. A total number of skills

. A total number of staffs

. A total number of supervisors

. A suffix of category of home-delivery skill

. A suffix of home-delivery skill

. A suffix of staff

- A suffix of supervisor

D
&

w—+—— =0T O

4. Factorsof the proper operation for home-delivery (Sep 1)

As the result of the first step of this researciguFe 4 illustrates tree diagram for home-
delivery operation with a tricycle. This diagramnesests of four main operations of home
delivery, 1) Decision and mapping of delivery raatél) Efficient loading of deliverables
onto a vehicle, Ill) Focused driving and 1IV) Timeind hospitality deliver of the package to
the customer. Each operation has the viewpointe/oflevels to extract the related skills (In
the following description, a viewpoint of the firkdvel uses single quotation marks and a
viewpoint of the second level uses double quotatiainks).

In the first main operation, the viewpoints of first level are ‘a package’ and ‘a delivery’.
The former one of the viewpoint of the second lehas “a total of deliverables” and “every
packages”. The latter one of that has “deliverytestiand “avoidance of go back without
delivery”. In the second main operation, the vieimpoof the first level are ‘a package’ and
‘know-how to load’. The former one of the viewpoiot the second level has “physical
characteristics” and “prevention of damage”. In thied main operation, the viewpoints of
the first level are ‘before driving’ and ‘In drivgh The latter one of the viewpoint of the
second level has “route information” and “safetjprmation”. In the fourth main operation,
the viewpoint of the first level are ‘surroundingve@onment’ and ‘a package’. The former
one of the viewpoint of the second level has “nbathood of customer's home” and
“customer’s home”.

Through the deployment of the home-delivery operatd8 skills are extracted as shown in
Figure 5. A number of skills of each main operatoe 12, 11, 12 and 13.

<Main operation> <Level 1> <Level 2> <Skills>
Total of deliverables | 1-1-5
QO Package
o . :
> | I Decision and mapping Every packages -6, 7
= of delivery routes Delivery routes -8, 9
@© Delivery area -
< Avoidance of go back | 1-10-2
= without delivery Y
c
.g Physical characteristics 11-1-4
© — - Package
g | | II Efficient loading of Prevention of damage -5, 7
o L_| deliverables onto a vehicle
> Know-how to load 11-6, 8-11
o
= -
D Before driving 1-1-3
o —
@ —| Il Focused driving Route information | 1-4-6
g In driving
c Safety information | 1-7-12
—
s}
Neighborhood of
é Surrounding environment customer’s home IV-1-5
n [V Timely and hospitality deliver nfeusiomerisiome) Customer’s home IV-6. 7
of the package to the customer Pack ’
ackage IV-8-13

Figure 4. Tree diagram for home-delivery operation withieytrle



| Decision and mapping 1l Efficient loading of Il Eocused drivin IV Timely and hospitality deliver
of delivery routes deliverables onto a vehicle 9 of the package to the customer
1-1-5 1I-1-4 1-1-3 IV-1-5
AlloEe E_stlmat_ed Size Weight } Dally_ Roll-calling Noise Neighbors
per a day delivery time inspection
Shape of Attribute of Shape Number per Change of Neighborhood Delivered
package customer one customer weather package
A number of I1-5,7 1-4-6 Safety
packages delivery
} Damage of : State of road
1-6,7 Alerting package URiE (s surface V-6, 7
Designated Designated -6, 8-11 Utilization R CEK{Er Rl A manner in
. into customer’s ,
date and time address state of road i customer’s home
Delivery order Amount
-8,9 Y of load M-7-12 IV-8-13
%ﬁllisvsgricargﬂ?egf d I_Originalt e Iolgdcisse Ic:nnnc:etd (AT LGS Weigh Direction
Y SR el package all gc’;a - walkers bicycles 9
L_all packages |
R=ts licasccibeing Attention of The way of A place to put :
- enough space in A voice
Closing day Tendency of vehicle cars stop a package
of customer absence
The place When bad IConfirmation of Sign of
Customer’s at- where stops weather delivery delivery
home time

Figure 5. Keywords of 48 extracted skills

5. Differencesin the observation among delivery staffs of case sites

5.1 Design of questionnaire and investigation bgigleed questionnaire (Step 2-1&2)

The purpose of the questionnaire is to grasp tbegration of delivery staffs in their daily
operation. 48 questions are designed to all 48sskihe by one. One question has three
choices of a skill (necessary, little necessaryrastchecessary).

Respondents of the questionnaire are staffs of sise Staffs are divided into two kinds
such as delivery personnel and supervisors. A nuwibéelivery personnel is 15 and that of
supervisors is 5. A way of the investigation if-sbleck with the researcher who well knows
the respondents at case site.

The patrtial result of the investigation shows Fegér Two charts are for stagfand staffi.
They indicates that their 12 skills of the openatifor decision and mapping of delivery
routes. There are totally differences in the shafpénvo radar charts. Therefore there are
differences in skills of the operation of two staff

A load A load
Customer's at- per a day T ea— Customer’s at- PN EGEY Estimated
home time 5 1-1 delivery time home time 11 delivery time
1-12 I-2 Tendency of Shae of
Tend f Shape of absence D
endency o package package
absence 1-11 I 1 13
N Closing day -
Attribute of o EUsETET Attribute of
customer customer

1-10 1-4 1-10 1-4
Closing day
of customer A pa——

number o Original
1-9 1-5| packages q -9 1-5| Anumber of
p g delivery routes| TS
Original
delivery routes| Designated \ —
1-7 date and time Classification of 1-7 esignate
Classification of ; delivery routes = date and time
delivery routes Designated Designated
address address

Left side: Stafe Right side: Staff
Figure 6. Radar charts of the operation for decision andpmmapof delivery routes



5.2 Differences in skills of the total operationd&ivery staffs in case sites (Step 2-3)

The following data are the differences in skillstoé total operation of delivery staffs in case
sites. Table 1 and 2 shows the differences inss&ilthe total operation of delivery personnel.
Table 1 indicates staffs of maximum and minimunfetlédnces of each staff. Stdffandi are
totally the staff of the maximum differences of leataff. A combination of staffs of the
largest differences is sta#f& i from Table 2. They has four skills of the largdetence size
amount of loaddaily inspectioranda check for going into customer’s homecombination

of staffs of the smallest differences is staf& n.

Table 1. Differences in the observations of delivery perssi{x1.t)

Difference Maximum Minimum
Staff(t]_) Staff(t2) X112 Staff (t2) Xi1:t2
a i 23.0 m, n 11.0
b c,0 26.0 a 14.0
C b 26.0 d 5.0
d b 21.0 c, h 5.0
e i 27.0 d 7.0
f i 24.0 i 12.0
g b 24.0 n 3.0
h b 24.0 d 5.0
i e 27.0 | 18.0
i i 25.0 m, n 7.0
k i 23.0 i 10.0
[ b 23.0 h 7.0
m i 24.0 n 2.0
n i 26.0 m 2.0
o] b 26.0 | 11.0
Table 2. Differences in the observations of all deliverygmanel (x.t)
i j k | m n 0

11.0

[110]

a

b

C

d

e

f

g

h

i .

j | 18.0
k_|140 | 18.0
[ 15.0 11.0
m 11.0 [ 11.0] 15.0
n

(0]

20.0 12.0| 13.0

16.0| 19.0) 16.0] 140) 19.0| 18.0f 18.0| 11.0] 15.0| 17.0

Blue: From 1.0 to 10.9, Yellow: From 10.9 to 20.8dRerom 20.8 to 30.7

Table 3 and 4 shows the differences in skills eftiital operation of delivery personnel and
supervisors. Table 3 indicates staffs of maximund aminimum differences of each
supervisor. Stafb andi are the staff of the maximum difference of eachesusor. Staffg
andn are the staff of the minimum difference of eachesuisor. A combination of staff and



supervisor of the largest difference is staf& supervisor « from Table 4. They has four
skills of the large differenceamount of load classification of delivery routes, positon of
packageandthedirection of the package when deliver to a custorAetombination of staff
and supervisor of the smallest difference is staéifsupervisor4.

Table 3. Differences in the observations of delivery perssrand supervisors {j

Difference Maximum Minimum
Supervisor(s) Staff ¢) Xst Staff () Xsit
o i 27.0 n 3.0
B i 29.5 g, n 13.5
y i 27.0 g 7.0
A i 26.0 n 2.0
& b 30.5 n 12.5

Table 4. Differences in the observations of all deliverygmanel and all supervisorssgx

Staff . .
Supervi
a 11.0

18.5

205

14.0

15.5( 16.5] 205

Blue: From 1.0 to 10.9, Yellow: From 10.9 to 20.8dREerom 20.8 to 30.7

Table 5 and 6 shows the differences in skills @f tibtal operation of supervisors. Table 5
indicates supervisors of maximum and minimum déferes of each supervisors. Supervisor
B and ¢ are the supervisor of the maximum difference ahesupervisor. A combination
of supervisors of the largest difference is supenvi3 & ¢ from Table 6. They has two
skills of the large differenceriginal delivery routesand dassification of delivery routes\
combination of staffs of the smallest differencesupervisore & A.

Table 5. Differences in the observations of supervisogs$x

Difference Maximum Minimum
Supervisor(s1) Supervisor$2) Xsi:s2 Supervisorg2) Xsi:s2
a B 12.5 A 1.0
B e 13.0 v, 4 11.5
y & 12.5 a, A 5.0
A B 115 A 1.0
e B 13.0 A 10.5
Table 6. Differences in the observations of all supervigssss)
Supervisor
Supervisor @ B v A &
o 125 115
B 12.5 115 115 13.0
y 115 125
A 115
€ 115 13.0 12.5

Blue: From 1.0 to 10.9, Yellow: From 10.9 to 20.8dRErom 20.8 to 30.7




6. Discussion

‘Mizusumashi’ aims to the just-in-time operatiomlypthe necessary items in the necessary
guantities at the necessary time (Ichikawa 2008)s paper considers that 48 skills of the
home delivery are put for four ideal situationscessary item, necessary quantities and
necessary time and others in Table 7. Most skilsr@lated to necessary time before arriving
customer’s home. Also, delivery staffs naturallyed® to consider attributes of packages
when preparing, loading and giving them. A dairgpection and a manner at customer’s

home will be important for all three performancégust-in time operation.

Table7. A relationship between ideal situation and skillfiome-delivery operation

Ideal situation

Home-delive Necessary items Necessary quantities Necessary time Others
operatiol
| Decision and mapping | ® Shape of package | ® A number of| @ A load per a day
of delivery routes ® Attribute of package ® Estimated delivery|
customer time
[ Designated date and
time
[ Designated address
o Classification of
delivery routes
® Original delivery
routes
® Closing da of
customer
® Tendency of absencs
[ Customer’s at-home
time
[ Delivery order
Il Efficient loading of ® Size ® Number of one|l ® Amount of load
deliverables onto 3 @ Wight customer ® Positon of package
vehicle L] Shape ° In case of not loading
[ Alerting planned all packages
® Damage of package ® In case of being
enough space i
vehicle
° Change of weather
o Traffic rule
IIl Focused driving ® State of road surface
® Utilization state of| ® Daily
road Inspection
® Attention of walkers,| ® Roll-calling
bicycles and cars
L] The way of stop
° The place where stop
o When bad weather
v Timely and | ® Delivered package | ® Weigh ® Noise
hospitality deliver ® Safety delivery ® Neighbors
of the package to the @ A check for going ® Neighborhood
customer into customer’s ® A manner in
home customer’s
° A place to put & home
package
° Direction
L] One voice
° Confirmation of
delivery
[ Sign of deliver

The result obtained from the analysis in the presisection shows that logistic capabilities
of staffb and stafi are different from other staffs and supervisarghk future problem of
the academic side, a mathematical model for optngia combination for a pair-training and
a pair-work will be designed. A dealing of the \&dwof the two staffs are considered in the

design.




7. Concluding remarks

This study suggests the essential skills for tlogp@r operation with a tricycle, a typical small
vehicle with a short turning radius like ‘Mizusurhésn Toyota Production System. As the
result of an extraction of factors of the objectioperation through several discussions
between a home delivery expert and an academiandss, 48 deduced factors are
categorised under 4 main operatioh¥:decision and mapping of the delivery routes, II)
efficient loading of deliverables onto a vehicld) Focused driving, and V) timely and
hospitality delivery of the package to the custanMdoreover, a questionnaire is developed,
incorporating the systematized factors. Subsequetite relevant feedback of workers of
case sites are investigated by the questionnaickttee differences in the observations of the
delivery personnel and supervisors are registarecbugh the discussion based on the result
of the questionnaire, the future direction of tlagidy is considered compared with
‘Mizusumashi’ operation. These findings will be thasic data for the effective training and
education of home delivery operations in the future
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Abstract

Globalisation of firms, disruptive business models and product complexities are driving the
emergence of new production and service supply networks. These networks face continual
reconfiguration due to the changing technologies, digitally driven business practices, global
industrial shift and coalition dynamics. Such reconfigurations result in industrial policies being
ineffective and misaligned to develop or sustain supply network capabilities. Government
support mechanisms are becoming critical to strengthening industries in the present wave of
economic crisis. This paper explores how the government policy interventions for industry are
related to supply network capabilities. Concepts borrowed from policy and operations
management fields are fed into developing an investigative framework for subsequent case
analysis in government and industry. The study highlights the significance of influences in
relation to network capabilities within a policy system. Results suggest that the interplays
between policy interventions and the supply network configuration have profound implications
to supply network design and transformation.



Introduction

The 2008 economic recession had a detrimental impact on many critical strategic business
indicators including employment, profitability and customer demand. This crisis is affecting
global business operations leading to instability and uncertainty. The cyclical recurrence of
such global scale recessions is evident and confirmed by economic experts. Governments are
compelled to extend support to businesses through policy interventions. Often the government
policy agenda is informed by economic disciplines. Several experts identified the limit of
economic based methods for an effective government policy (c.f. Chang, 2010; Rodrik, 2004),
and preferred to provide an operational level context for government support mechanism. The
area of the Supply Network is having implications for an industrial policy (Morash, 2001; Srai
and Gregory, 2008; UNIDO, 2009), although not explicitly studied. A significant theoretical
and practical gap exist in systematically linking supply network structure and dynamics with
government policy development and interventions. This gap is observed in both Operations
Management literature and Government Policy literature. The paper synthesises concepts
mainly from two domains, Development Economics and Operations Management, and

explores their linkages.

Globalisation of firms, disruptive business models, and product complexities, drive the
emergence of new manufacturing supply networks. These networks face continual network re-
configuration due to changing economic conditions affecting business models, international
trade patterns and evolving national and international policy landscape. These complex
dynamics renders in industrial policies misaligned with current needs of industry for growth.
The relationship of the industrial supply network with the government policy system forms the
central focus of this study. This paper explores how government industrial policies linked to

the structure of supply networks impact network capabilities.

Theoretical Foundations

Manufacturing occupies the strategic position in multinational companies (Skinner, 1969,
1974). Manufacturing concepts are enriched by the thereotical prespectives involving a plant
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level (Hayes and Wheelright, 1984; de Meyer and Vereecke, 1994; Netland and Aspelund
2014), value chain (Porter, 1985), functional level (Ferdows, 1989, 1997), inter-firm network
level (Cunningham, 1990; Lamming, 2000, Shi and Gregory, 1998), performance (Neely et al.
1995; Beamon, 1999; Neely, 1999) and International supply network level (Gnyawali and
Madhavan, 2001; Koka et al., 2006; Srai and Gregory, 2008). Supply network configuration is
linked to capabilities (Srai and Gregory, 2008). Through the configuration profiles, capabilities
could be determined. The configuration determinant of a supply network is structure, flow,
governance and value (Amini and Li, 2011; Caniato et al., 2013; Chandra and Grabis, 2007;
Daley, 2009; Demeter et al., 2006; Dong and Xu, 2002; Lejeune and Yakova, 2005; Srai and
Gregory, 2008; Truong and Azadivar, 2005; Willems, 1999; Zhang et al., 2008).

There is a limited literature specifying the impact of public policy on a firm level capabilities
(c.f. Hans 1986), despite the government is often considered as one of the key dimension
driving the global strategy of firms (Murtha and Lenway, 1994). The policy is also considered
key agent to define ‘value’ in the value chain (Kogut, 1985; Kaplinsky, 2000). Economists
usually link factor of productions (especially labour, and capital) to competitiveness. Resources
and capabilities are differentiated owing to the ownership and specificity to a firm or network
strategy (Barney, 2009). Resources are not firm specific. However, capabilities are the
organisational capacity to deploy those resources to attain competitive advantage (Makadok,
2001; Sirmon 2007). Firm capabilities are linked to the supply network structure and dynamics
(Srai and Gregory, 2008). Capability at a network level can be viewed as a bundle of resources
and processes of an actor and can be used to study the performance of the network (Lavie,
2006).

The relationship between government policy and firm strategies have not received considerable
focus in literature especially from a total supply network perspective. Morash and Lynch
(2002) studied firm-level capabilities and linked those with a public policy from a demand-
oriented performance perspective similar to Porter (1980). The linking of public policy with
firm’s supply chain performance is often applied in evaluating green agenda (Hall, 2005;
Hervani, 2005), SME development (Boekholt, 1999), CSR (Maloni, 2006), etc. Most of the
studies are focused on market-based perspective, even when it comes to contextualising public
policy. In such studies, public policy is usually seen as ‘resource complimentary’ to a supply
chain strategy. However, network capabilities such as internal processes improvement,

efficiencies, and product service (PS) enhancement can be investigated in a policy system
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context that aims to enhance such capabilities. Therefore, focusing on an ‘industrial policy’
that targets network capabilities (efficiencies, connectivity and product/service enhancement,
etc. ) would be an appropriate prelude for investigating supply network configuration and its
linkage with government policy system. The key capability clusters, used in this research are

identified through the literature, these are:

»  Supply Network Connectivity [SNC] (Bauer et al., 2001; Barratt, 2007)
»  Total Network Efficiency [TNE] (Kavanagh, 2002)

«  Supply Chain Process Improvement [SCPI] (Rich, 1997; Bititci 1997)
*  Product and Service Enhancement [PSE] (Szakonyi, 1994)

The key theoretical dimensions of a policy system are policy institutions (Bennett and Howlett,
1992; Sabatier and Jenkins-Smith, 1993, Grindle, 2004; Cimoli, 2009), policy resources (
Komiya, 1975; Cimoli et al. 2009; Di Maio, 2009; Pack and Saggi, 2006) and policy processes
(Laswell, 1951; Sabatier, 1991; Baumgartner and Jones, 2002; Kingdon, 1995). Based on
practice review of different countries manufacturing policies on the textile industry, key policy
intervention categories were identified and refined through literature (given in

Table 1).

Table 1 - Policy Interventions

Policy Interventions Categories Evidence from Theory Evidence from Practice

Cimoli et al. (2009); Lall (1992)

Education, Information, and Awareness

Institutional Collaborations

Rodrik (2008); Keele (2007)

Improving Productivity and Competitiveness

Kurgman (1994); Rodrik (2004); OECD (2010).

Regulations, Deregulations and Liberalisation

Lall (2004); Gupta (1983); Gunningham et al. (1997);

Lenox (2006)

Natural Resource Exploitation

Hart (1995); Asiedu (2006)

Technology Upgradation and Innovation

Branscomb (1995); Narula (2014)

Establishing Macro-Economic Stability

Rodrik (2008); Suzigan (2006)

Attracting Foreign Direct Investment

Branstetter (2006); UNCTAD (2011)

International Trade Facilitation

Leonidou (1995); Bhagwati (1998)

Infrastructure and Capacity Enhancement

Porter (1998); Rodrik (2008)

Compliance and Sustainability

Hall (1993); Weiss (2000); Ahamed (2013)

SME and Regional Development

Ceglie (1999); Irwin et al. (2010)

¢ India

e Bangladesh
e Vietnam
e Mexico

e Germany

e United Kingdom

Investigative framework development

The investigative framework involving key attributes, constructs, and investigative tools is
developed and refined during the study. The final framework, resulting from practice review,
literature, and cases, is given in Figure 1. The framework builds on the hierarchical structure

of policy process. The first segment describes the logical flow from Vision development to
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Operations with the principal factors covering different stages. Operations impact strategy
which in turn influence policy and vision. This direction is often captured in Operations
Management literature (Chandra and Grabis, 2007; Lambert and Cooper, 2000; Ostroff and
Rosenbaum, 2007; Caniato et al., 2013; Srai and Gregory, 2008), but often limits to the extent
of firm strategy. However, the current framework extends the scope of firm and network based
influence to government policy development. Thirdly, actor influences exist within the system
that accounts for the change in policy and network strategies, in a policy development context.
These influences are captured in literature (Sabatier, 1993; Freeman, 1998; Morash, 2002;
Pekkanen, 2014) and also through case studies (exploration and in-depth). These influences are
bi-directional involving policy institutions and supply network actors. From case studies, it
was evident that both government and industry can be reactive and proactive. Hence, the two
influencing categories that came out from case studies were ‘Government Reactive — Industry

Proactive’ and ‘Government Proactive — Industry Proactive’.

The final framework combines Policy System and Supply Network System (structure and

dynamics) and incorporates Configuration, Capabilities, and influences as shown in Figure 1 and

provides following key information:

e Government Policy System and Policy Interventions.

e Supply Network Configuration and Supply Network Capabilities

e The implication of policy on supply network operations through hierarchical stages of
Vision, Policy, strategy, and operations.

e Reactive and proactive influences exist within the policy system. These are either
Government Reactive — Industry Proactive (GR-1P) or Government Proactive — Industry
Reactive (GP-IR)



Vision / Government Industry Firm

National Strategy Policy Strategy Operations
Policy Developing/ Rede-
Development fining Strategies
~
Vision P (REARE i 1 Impact on
Development 0 b . Operations
Policy System Policy-SN .
< Policy Interventions In ﬂugn ces ( SchgggggﬁﬁFe%n
New National ’ - b Change in
Strategies : N ™ Operations
GR-IP
™  New Change
Challenges |/ < \| in Strategy

SN= Supply Network; G=Government; I=Industry; P=Proactive; R=Reactive

Figure 1- Investigative Framework

The framework guides practical complexity in industrial policy development and analysis in
the context of supply network configuration and capabilities. Furthermore, policy influences,
are also depicted in the framework that connects policy and supply network systems in both

directions — reactive and proactive.

Case Investigations

In-depth investigations were conducted in Pakistan’s textile industry. This was an exclusive
case where the dimensions of enquiry, (both on policy system and supply network), are not
captured by any existing frameworks. ‘Influence mechanism’ is defined as the unit of analysis
of the research and applied to the policy system and the supply network. Insights gained
through fieldwork, interacting with policy practitioners and direct observations of policy
development processes were used in the investigation. The Both, Pakistan’s first and second
national textile policies were particularly investigated. Case interviews were held with CEOs
of top textile firms and head of Business/Trade associations. A panel study was also conducted
with leading policymakers at Cambridge to capture policy related challenges and processes.

Case engagement and relevant information is summarised in Table 2.



Table 2: Industry Cases

Company Type

>

Ginning company, BCI compliant

One of the largest synthetic fibre manufacturer in Pakistan

Among the largest textile composite groups

Among the top 3 largest composite groups in Pakistan

Among the top five largest textile groups in Pakistan

Oldest and among top five textile groups in Pakistan

Top garment manufacturer in Pakistan

The largest domestic market textile company to Pakistan

Largest garment company and supplier to UK/USA markets

Among the top five garment companies to serving UK/USA markets

Textile service providers and supplier, (machinery, consultancy, and chemicals)

Largest garment manufacturers association representing > 1000 companies

The largest textile association representing spinners and weavers. Representing about 400 companies

Z| | r| Xl o = I @ M m O O @

An association representing ginning industry

Result and Analysis

The linkage between Supply Network Configuration and Network Capabilities is also explored
in the case study. Capability clusters are mapped at each structure node. This investigation
provides a scope for establishing a further link with policy. Information relating to present the

state and future plans gives an insight into capabilities type and categories.

In-depth case studies revealed that the analysis of an industrial policy system can give
significant insight into interventions, actors coalitions and influences. On the other hand,
Supply Network configuration investigation can enhance the understanding of network
capabilities. The analysis is made between policy interventions and supply network
capabilities. A summary is presented in Table 3.

Table 3: Policy Interventions, Network Structure and Capabilities

Policy Interventions SN Structure SN Capabilities Development Initiatives (Influences’) SN Capabilities Evidence
Categories (.. at Nodes) Cluster (Cases)
Education, Fibre Up gradation of EDF institutes, NTU and TUP (IP) PSE A G LN
Information, and Development Financial support in hiring of foreign teaching/research staff and foreign consultants (M) TNE C,D,G
Awareness Ginning Publication of policy schemes and policy Information disseminations through workshops and SCPI L.M.N
Non-Woven seminars throughout the country. (GP)
Garments Government consultations with industrial coalitions on zero rating of exports. SNC C,EFL,
M, N,
Institutional Fibre Government -government institutional support for TUF Scheme (GP) and Market related SNC L, M, N
Collaborations Development interventions (IP).
MMF With Trade Assoc. such as APTMA and PSF for MMF (IP) TNE B,M
Consultation with Associations and other coalitions for Tariff Rationalisation (IP) TNE B,L,M,N
Fibres Listing of High productivity spinning machines in TUF (IP) TNE B,C,D,E,
Ginning Shifting from Power looms to Computerised Weaving machines (GP) PSE M




Policy Interventions SN Structure SN Capabilities Development Initiatives (Influences’) SN Capabilities Evidence
Categories (.. at Nodes) Cluster (Cases)
Improving MMF Servitization of Ginning (M) SNC AN
Productivity and Spinning
Competitiveness Weaving and
Knitting
Regulations, Fibres Public-private partnership in infrastructure development of textile parks and cities (IP) SNC F.G.LM
Deregulations and Garments To launch a comprehensive study to identify key regulatory bottlenecks facing industrial TNE L, M, N
Liberalisation actors and devising mechanism to remove those (IP)
Enforcement of Cotton Control Act Cotton Standardisation Ordinance for gaining maximum PSE A M, N
advantage of Pakistani cotton (GP)
Zero rating of Exports (IP) — Drawback of Local taxes for Exports (IP) SNC L, M,
Natural Resource Fibres The introduction of BT Cotton in South Punjab and Sindh Areas (GP). PSE A M, N
Exploitation Encourage Organic Cotton Cultivation. (GP) PSE A M N
Strengthening existing Cotton Grading system (M) TNE AN
Measures to encourage natural fibre diversifications (GP) TNE AN,
Technology Ginning TUF Scheme to upgrade existing textile manufacturing technologies (GP) TNE A D, F H,
Upgradation and Spinning Establishing of e-commerce platform (GP) SCPI LM
Innovation Weaving and Upgradation of Ginning Technology (GP) PSE
Knitting Conversion of Power-Looms to computerised weaving machines (GP) PSE
Processing RandD support to Universities and Research Centres in new product development (esp NTU) PSE
-(M)
Supporting Narrow-width processing and Knit Dyeing manufacturing (IP) PSE
Establishing Macro- Fibres Zero-Rating of exports (IP) TNE L, M
Economic Stability Rationalisation of Tariff Structure (IP) PSE
Export Refinance Scheme (IP) SNC
Restructuring of Long Term Loans (IP) TNE
Drawbacks of Local Taxes (IP) TNE
Refund of RandD Support claims (IP) PSE
Monetisation of PTA (IP) PSE
Attracting Foreign Spinning Incentivising FDI in BT Cotton and Organic Cotton production (GP) PSE F.G L
Direct Investment Weaving and Incentivising MandA (GP) SNC
Knitting Incentivising JV in textile allied industries (GP) SNC
Processing
Garments
International Trade Garments Initiation of Free Trade Agreement and Preferential Trade Agreements in key markets. (IP) SNC 1LJ,L
Facilitation Support for branding, grading and labelling of value added products (IP) SNC
Reimbursement on local taxes for export products (IP) TNE
RandD scheme on export (IP) PSE
Marketing Insurance Scheme (GP) SNC
Infrastructure and Fibres Schemes for Warehousing, storage and marketing (1P) SCPI A B, D, F,
Capacity MMF Establishment of Textile and Garment Parks/Cities (IP) SCPI L,N
Enhancement Spinning Establishment of Ginning Institute and Strengthening of Cotton Research Centre Multan (GP) SCPI
Weaving and Developing new EDF institutes (IP) PSE
Knitting
Non-Woven
Processing
Compliance and Fibres Subsidising costs of international social and environmental compliance certifications and SNC D,FG, L
Sustainability Processing audits for firms (IP)
SME and Regional Ginning Women Employment Support Programme — Picking up regulatory costs to companies for SCPI ALJK L
Development Filament Yarn hiring female workers (GP)
Garments Support for Disabled workers: EOBI and SESSI/PESSI to be picked up by government (GP) SCPI
Establishment of research and development, testing and product development centre for carpet PSE
making (GP)
Incentivising Joint Ventures with International companies in textile allied industries SNC
machinery manufacturing, dyes/chemicals and accessories (IP)

Industrial actors exhibit influences® on government policymaking to influence particular

policy outcomes reflecting the network strategic objectives. It is observed that the type of

L Influences: GP=Government Proactive; IP=Industry Proactive; M=Managed



influences is directly related to capabilities and the nature of coalitions existing in supply
network actors. Supply network capabilities are compared with Policy Interventions, shown in
Table 4.

Table 4: Policy Intervention Categories and Supply Network Capabilities

Policy Intervention Categories Supply Network Capabilities
Product Service Supply Chain Process Supply Network Total Network
Enhancement Improvement Connectivity Efficiency
Education, Information and X X X X
Awareness
Institutional Collaborations X XX
Improving Productivity and X X X

Competitiveness

Regulations, Deregulations and X XX X
Liberalisation

Natural Resource Exploitation XX XX
Technology Upgradation and XXX * X X
Innovation
Establishing Macro-Economic XXX . X XXX *
Stability
Attracting Foreign Direct X XX
Investment
International Trade Facilitation X XXX * X
Infrastructure and Capacity X XXXXX *
Enhancement
Compliance and Sustainability X
SME and Regional Development X XX X

X: SN Capability Development Initiatives

* Significant Capability Development Region

Discussion

The Supply Network Capability cluster that is more related to Proactive Government Influence
is Product Service Enhancement. The information reveals that that the network actors and
coalitions are not significantly responsive to new Product and Service Enhancement, including
R&D Efficiencies and New Product Development. From supply network perspective, it is
insightful to understand how Macro-Economic levers impact product and services. The
capabilities development actions under the intervention category of Establishing Macro-
Economic Stability mostly relates to providing fiscal support and tariff protection to firms.
Perhaps, these measures enhance liquidity, which allows firms to further improve their product
and services.

It is also observed that Government proactively supports Supply Chain Process Improvement

while supply network actors are rather reactive to such policy influence. However, the most
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significant interventions under Supply Chain Process Improvement are under the category of
Infrastructure and Capacity Enhancement, which is rather of an industry proactive nature.
Infrastructure projects such as Textile City in Karachi and Garment Manufacturing Cities in
Faisalabad and Karachi significantly enhance manufacturing, logistic processes and enable
firms to achieve economies of scale. It is interesting to observe that establishing e-commerce
platform is a government-driven agenda in case of Pakistan.

Both capabilities clusters relating to Supply Network Connectivity and Total Network
Efficiency exhibit Industry Proactive influence. However, many initiatives under Network
Efficiency are ‘Managed’. The significant intervention category relating to capability cluster
of Supply Network Connectivity is the International Trade Facilitation. The key Capability
development factor involves the initiation of free trade agreement or preferential trade
agreement with other countries, supporting technology spill-over through incentivising
MandA, financing exports on easy terms, etc. Total Network Efficiency capability significantly
relates to the intervention category of Establishing Macro-Economic Stability. Other key
interventions involved in this capability include Natural Resource Exploitation and
Institutional Collaborations. Analysing this particular case of Total Network Efficiency, it was
evident through the case study that firms adopt supply-side measures (raw material and
technology), demand side measures (export financing and tariff rationalisation) and operational
efficiencies (engaging consultant), to enhance product quality and lean process

implementations. Supply-side measures are Government Proactive influenced.

Overall, it is observed that industry exhibit reactive policy influence to those capabilities which
are related to functional level performances, while the government influences proactively in
this case. This is perhaps due to the fact that firms hesitate to seek direct government support
where there is a significant confidentiality in its internal operations are concerns. This confirms

the case study evidence where such hesitations and concerns were highlighted.

The relationship between policy interventions and supply network capabilities have profound
implications on supply network design capability and overall policy system competence.
Following are the key findings from the analysis:

e The investigation into capability clusters for a particular supply network node gives an

insight into policy requirement for that particular network node.
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e The upstream supply network actors tend to have more Supply Network Connectivity
agenda.

e Coalition formation within the supply network is more significantly related to supply
network structural similarities rather than common network capabilities.

e Network Capabilities are significantly linked to actor and coalition influences within a
policy environment.

e The relationship between policy interventions and supply network capabilities have
profound implications on Supply Network Strategic Design and overall Policy System
competence.

e Government industrial policy system competence is significantly related to the total supply

network capabilities.

Conclusions

This study draws on the literature of development studies and considers resources, institutions,
and policy processes as key policy system dimensions. Similarly, supply network structure,
flow, relationship and value from the Operations Management field is used to build an
investigative framework for subsequent case study analysis. A case study approach is used in
this study to develop a framework to inform OM theory. The study was performed in the textile
industry due to its dynamic international supply chain with significant social, economic and
environmental implications, particularly in developing countries, requiring critical government
policy considerations. Initial exploration is done in different countries to identify and categorise
of Policy Interventions and Supply Network Capabilities. In-depth case studies were then
carried out in Pakistan, selected as a country, where textile is the most significant sector of its
economy, and it is ranked amongst top textile producing and exporting country in different the

product categories.

Results suggest that supply network configuration has a significant impact on government
policy decisions that is neither explicit nor well understood. It concludes that firm capability is
directly linked to supply network configuration and particular coalitions within a given
configuration, significantly influence the policy system. These influences between industrial
actors and institutional players are bi-directional in nature illustrated in the policy system as

proactive and reactive approaches. Furthermore, policy interventions directly support supply
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network capabilities by facilitating coalition formation. The investigation into capabilities for
a particular supply network node gives an insight into policy requirements. Understanding actor
influences in the context of a supply chain transformation is can lead to an appropriate network
design to build or sustain network capabilities. The role of government in ensuring the
availability of funding, infrastructure, standards, market access to new product and
technologies is critical to a global network design. Policy interventions and industrial strategies
provides essential information, and in most of the cases, appropriate resources for supply chain

transformations.
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Abstract

Redesigning and digitizing supply chains provides a number of advantages, including increased
collaboration and problem solving effectiveness, and faster product introductions. They also
can induce reductions in response times, lead times, and time to react to customer issues. But
even with advanced integration of digital technologies and the establishment of co-located
teams to more effectively execute a digital supply chain strategy, some strategies may be only
partially executed due to incomplete analysis and inadequate assumptions, resulting in partial
effectiveness of the strategy.

In this study, we use a global computer manufacturer and a key server product line as a case
study, and evaluate the cost of inefficiencies in their strategy. Due to nonrandom demand
patterns, the company accepted a structural demand patter rather than smoothing demand
due to customer power and preferences. Our analysis suggests these inefficiencies between the
OEM and a key supplier increase costs almost three-fold over those estimated by the company,
resulting in excess costs in the tens of millions of dollars for one product line alone. We
conclude the study by presenting an optimal solution for both the OEM and supply to reduce
these expensive inefficiencies to near zero.
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Abstract - Over the years, traditional car makers have
evolved into efficient systems integrators dominating the
industry through their size and power. However, with the rise
of big data technology the operational landscape is rapidly
changing with the emergence of the “connected” car. This is a
type of autonomous vehicle which utilizes smart city
technology. The focus of this paper is with exploring the
potential for future electric and shared mobility services within
the smart city. This work forms part of an on-going research
study exploring the proposition that big data is a resource that
can be utilized to build service capabilities. Furthermore,
through big data resources, shared capacity and improved car
mobility services can be achieved within the smart city. The
automotive incumbents will have to harness the opportunities
of big data, if they are to remain competitive and deal with the
threats posed by the rise of new connected entrants (i.e., Tesla).
These new entrants unlike the incumbents have configured
their operational capabilities to fully exploit big data and
service delivery rather than production efficiency. They are
creating experience, infotainment and customized dimensions
of strategic advantage. Therefore the purpose of this paper is
to explore how “Big Data” will inform the shape and
configuration of future operations models and connected car
services in the automotive sector. It uses a secondary case
study research design. The cases are used to explore the
characteristics of the resources and processes used in three big
data operations models based on a connected car framework.

Keywords - big data; automotive industry; business model;
operations model; connective capability

l. INTRODUCTION

As today’s consumers are surrounded by connected
devices, such as smartphones and tablets, the idea of
connected cars is gaining in popularity. It is estimated that
by 2025, all new passenger vehicles will be connected
[2][4]. Yet, the connected car represents a major disruption
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Leeds University Business School
Leeds, United Kingdom
e-mail: bn15bjt@leeds.ac.uk

to the automotive industry’s traditional value creation
model. A connected car can be defined as: “a car that is
equipped with Internet access, and usually also with a
wireless local area network. This allows the car to share
internet access with other devices both inside as well as
outside the vehicle”[1]. These services are made possible by
a firm’s capacity to capture and leverage high volumes of
structurally diverse and high-speed data (“big data”)
generated by the sensors and embedded electronics of
connected devices.

Two main service segments can be clearly distinguished
in the growing connected car market: i. integrated product-
services (to enhance the driver experience) and; ii. mobility
services (to offer alternative modes of transportation from
traditional private car ownership). Furthermore, moving
into the service economy opens new streams of revenue for
traditional manufacturers [6] and big data will enable
superior value creation based on closer customer intimacy.
However, it also opens up the automotive industry to
competitors from outside their traditional industry channel
who are more proficient than incumbents at leveraging big
data. In an industry unchanged in decades, these new
entrants are finding ways to innovate and meet diverse
customer needs for more information and mobility services,
configuring their business and operating models around big
data.

This work will help to identify from an operations
perspective how big data is re-shaping the provision of
products and services in the automotive industry, as it
evolves towards further connectivity and autonomous
driving. Whilst different models continue to co-exist, it is
important for incumbents to understand how emerging
operations models are configured compared to traditional
models so that they can be proactive rather than reactive to
the big data-driven disruption of the automotive industry.
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Big data is commonly hailed as the next frontier for
productivity, innovation and competition [3]. As a complex
and multi-faceted concept, it impacts on many things in
different ways. Therefore, to narrow the scope of the study,
big data is considered in terms of how it impacts on the way
in which resources and processes are managed within an
operation. This is justified because the way in which
resources and processes in an operation are managed has a
strategic impact on the organization [3]. It is therefore
valuable to look at the configuration of emerging operations
models to explore the impact of big data.

As operations models are dynamic and fast-changing, the
overall objective is to identify the characteristics of the
emerging big data-enabled operations models in the
automotive industry. To our knowledge, this topic has not
yet been theoretically studied from an operations
perspective and there is a need for work to fill this research
gap. A conceptual framework of an emerging big data-
connected operations for the automotive industry is
developed, based on the literature, and the underpinning
concepts are examined through theory-guided case study
analysis.

The structure of the paper is as follows. Section 2
presents the theoretical framework which will be advanced
by our case study investigation. Section 3 details the
research method. Section 4, presents the initial results of our
on-going case study investigation. Finally, in Section 5 we
summarize the key conclusions and implications for future
research as we seek to build our investigation.

Il.  THEORETICAL FRAMEWORK

While moving to a consumer-centric service approach
based on big data has economic benefits, there are operations
challenges. The main challenge for incumbents is a shift in
the nature of value. Operations models must be able to
process information and customers more than raw materials.
The basis for all connected car services is information. With
customer value based on intangible services, each stage of
the transformation process is different; resource inputs and
process outputs have perishable value if not captured and
consumed in time. The transformation process is shaped by
new constraints, including a company’s capacity to capture,
analyze and leverage real-time big data in the operations
model [7]. The characteristics of the operation’s resources,
processes and capabilities are described in Fig. 1. The dotted
line illustrates the scope of analysis in the case studies. In
contrast to traditional operations models that predominantly
process materials, emerging operations models in the
automotive industry process information (big data) and
customers. It is therefore proposed that big data and
customers are the dominant transformed resources, while the
dominant transforming resources comprise big data analytics
(to extract insights from the real-time data captured) and
vehicles (to physically transport the customers).

Market requirements

1

The firm
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analytic

Big Data Big Data process In-house
analytics technologies | : | development
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Figure 1. Emerging big data-connected car framework

I1l.  RESEARCH METHOD

A multiple case study design was chosen to strengthen
conclusions drawn from the cases and to increase external
validity [8]. Three secondary cases were purposefully chosen
according to the logic of theoretical sampling. That is, cases
were selected based on the likelihood that they would
critically challenge the predicted theoretical findings. This
helps to confirm or advance the theoretical model. All the
case studies were chosen according to their varying degrees
of reliance on big data. As such, big data is the primary input
into the operations model. That is, all services in the cases
delivered to customers rely on real-time information
extracted from big data. The first two cases Uber and Drive
Now provide ride-hailing and car sharing services; the third
case Tesla offers over-the-air software updates for its
customers and customized services from: product design,
through to purchase, product performance monitoring and
after sales support. As their products diverge from the
traditional offerings of the automotive industry, their
operations models constitute “emerging” operations models.

IV. FINDINGS

Uber and DriveNow are examples of pure mobility
services, Tesla is an example of a company using big data to
deliver services related to its manufactured product, namely
the owned electric vehicle. Despite these differences, several
trends emerged across the three case studies. The operations
outputs vary across the case studies. However, when
compared to traditional operations models delivering a
focused product, these emerging operations models have
been designed to deliver a multi-variant consumer
experience. For example, the operations outputs for Uber and
DriveNow are to meet an immediate and real-time demand
for flexible transport in urban environments.

In the case of Tesla, the service operations output is
multi-faceted because Tesla provides a service offering



based on a product, namely the vehicle that is sold to a
customer. Tesla’s service uses big data to understand,
maintain and also improve vehicle functionality in line with
customer expectations. It maintains vehicle functionality by
collecting diagnostic data on individual vehicles, and
improves vehicle functionality by aggregating driving data to
understand driving conditions and vehicle performance,
optimal locations are for charging stations. In terms of
outputs that are software-based, such as those mentioned in
the case studies, they are not constrained by time and space
in the same way as tangible outputs. Updates to the service
can easily be applied without physical presence or a mutually
agreed time. One particularly noticeable trend across all case
studies is therefore that of producing minimum viable
products. This means that instead of delivering perfected
products and services to customers, the company determines
what is the minimum viable level for the service to work,
produces that and then tweaks and perfects it based on how it
is used and perceived by customers. It illustrates the
importance of on-going relationships with customers, rather
than ending the interaction at the point of sale.

The concept of allowing customers to use unfinished
products is novel in the automotive industry. With feedback
loops and real-time monitoring enabled by big data, the
customer becomes part of the operations improvement
process. It enables companies eventually to deliver exactly
what the customers want. Tesla is a key example of this. Its
major software updates (new, improved features) are
released on a yearly basis, while minor updates (bug fixes)
are released on average every month.

The hardware suite required for semi-autonomous
driving (named “Autopilot”) has been fitted into Tesla’s
vehicles since 2014. It includes forward-facing camera and
radar, 12 long-range 360-degree ultrasonic sensors, global
positioning systems (GPS) and electric braking system.
Whenever vehicles are in manual mode, Tesla crowd-sources
the fleet’s driving data. Using so-called “fleet learning
technology”, Tesla uses these datasets to train its driving
algorithms which ultimately are what drives the car when in
Autopilot. The first version of Autopilot was released by
over-the-air (OTA) software update in 2015, and is still in
beta mode today. This means that it is the driver’s
responsibility to remain alert at all times. While Autopilot is
engaged, signals are sent back to the Tesla headquarters
(HQ) server whenever a driver intervenes (i.e., by adjusting
the steering wheel or braking) or resumes control. Based on
these aggregated driving datasets, Tesla identifies where
problem areas are and is able to investigate and improve the
software. As the fleet learns, improvements can be noticed in
days.

Uber is another example of a company producing
minimum viable products. Its underlying system architecture
was developed by many teams in any way possible as it
rapidly expanded in the first five years. The result was a
mixture of architectures. Therefore, a new system
architecture was developed in order to support new customer
preference services. DriveNow was established as a separate
entity from its parents company Bayerische Motoren Werke
AG (BMW) to benefit from the agility of a start-up. It

encourages customer feedback and adapts its operations
model to suit.

Across all case studies, customers are the predominant
transformed resource. This is in contrast to traditional
operations models which focus on transforming materials
into a product. Moreover, all services delivered to customers
in these emerging operations models rely on real-time
information extracted from big data. Although there are
differences between the models as to what information is
collected and analyzed, GPS positioning is captured in all
models. Not only does this help riders and drivers locate
each other / a suitable vehicle, but the GPS data generated
from usage also helps companies to understand customers’
popular routes and improve service provision.

While in traditional operations models, big data is used to
enhance visibility over existing processes, in emerging
operations models big data is one of the primary inputs
enabling the provision of the service. Because of this the
service operations of the case studies rely more heavily on
intangible inputs, namely information. The value of such
information is specific to time and space and if it is not
captured, it is lost.

In every case, the operations model is configured to
provide a flexible and convenient service. Inherent in the
provision of services is fluctuating demand [5]. With big
data, the companies in the case studies are able to monitor
supply and demand in real-time and even to identify
challenges ahead of time. They configure their capacity to
accommodate a certain level of demand fluctuation, but
importantly they also directly manage capacity by
influencing the levels of supply and/or demand. The
intangibility of services means that they cannot be easily
stored [5] and therefore customers are less likely to be
willing to wait for services than they are for a finished
product.

For Uber, flexible capacity is achieved by not employing
its drivers or owning a fleet of vehicles. Demand and supply
are managed by surge pricing. For DriveNow, service
capacity is constrained by the size and functionality of the
fleet; if customers do not find a car available in a suitably
close location, the service is of no value. Flexible service
provision is therefore enabled by deploying a large fleet and
a small team of service agents who check tyre pressures,
clean the cars and move them to more popular locations if
necessary.

Supply and demand are managed through incentives for
customers to park in optimal locations and fixed pricing. For
Tesla’s service delivery, flexible capacity is configured by
designing the vehicle from the ground up to ensure that
features can be updated safely via software updates over
time. However, Tesla also has to manage the constraints of
producing hard products vehicles and is constrained in the
usual way for the manufacturing side of its product-service.

Tesla wvehicles contain over 3,000 purchased parts
sourced globally from over 350 suppliers. Tesla’s supply
chain is a “unique hybrid of the traditional automotive and
high tech industries” which means its pace is faster than
traditional automotive supply chains. If suppliers cannot



keep pace, software development and manufacturing is
brought in-house.

While other automakers plan their production layout to
keep it the same for several years to minimize costs, Tesla’s
production engineers move machines around frequently as a
learning exercise. The company uses Tableau visualization
software to monitor its production lines minute-by-minute.
In terms of its supercharger network capacity, Tesla decides
where to locate capacity by collecting and analyzing driving
data from its fleet. It takes into account route patterns and
local driving conditions. Each supercharger station is itself
connected to the Tesla network, both for monitoring and
maintenance purposes, but also to let customers know
availability via Tesla’s vehicle Navigation system.

By design, all the case studies have a reliance on
connectivity. Without connectivity in the process
technologies, the big data cannot be created and captured.
Tesla has the most advanced configuration for connectivity
as its vehicles have been designed from the ground up for
connectivity. This enables OTA software updates for all
functional features of the car. The hard asset requirements of
the vehicle and the production efficiencies mastered by
incumbents mean that few new entrants could offer a viable
competitive threat to incumbent automakers in the traditional
arena.

However, in the new market, new entrants are using big
data to innovate entirely new operations models to deliver
new products and services based on a closer understanding
of customer’s on-going needs. They are defining the strategic
agenda for capturing, analyzing and leveraging big data in
their operations models. Free from the organizational
structures and investor commitments of the traditional
players, the new players are better able to address fluctuating
demand in the service area.

V. CONCLUSION AND FUTURE RESEARCH

This paper is an initial attempt to make a scientific
contribution to operations management theory in big data
contexts. The focus of our work is on trying to find an
answer to a central research question of: how big data is
transforming organizations at a process level? Furthermore,
that big data is a resource that can be used to build service
capabilities. We aim here at setting out a new research
agenda that fuses and crosses the boundaries of operations
management and big data technology. As the prominence of
big data continues to develop and stakeholder groups
become increasingly knowledgeable and engaged, there is
considerable incentive for operations managers across
industry sectors to consider the opportunities and challenges
facing their processes and people, as well as the tools and
frameworks they deploy for strategic and operational
decision making.

The opportunities are not only in improving efficiency
and effectiveness of their existing operations, but also in
transforming their operations models, and in some cases,
developing radically different new ones. They must become
more customer-centric and service driven in this big data
age. The automotive industry has evolved from Ford, to the

TPS and post-Fordism, but now in the second decade of the
twenty first century it is information and service not
production driving the operations model. This is information
driven automotive sector characterized by low inventory,
customization, dissolvable supply chains, leasing, joint
automotive/information and communication technologies
(ICT) ventures, Silicon Valley driven product R and D, the
delivery of shared services and pooled capacity.

For organizations developing new operations models, the
challenge is to build on and leverage the new digitized
infrastructures emerging with smart and intelligent cities, in
order to connect physical goods, services, and people
(offline), with real-time data driven processes (online), in
seamless online-to-online (O20) operations. This requires a
re-design of long run operational competencies and
capabilities in order to respond to the rapidly changing city
environments.

Despite the importance of operations management to big
data implementation for both practitioners and researchers,
we have yet to see a systematic framework for analyzing and
cataloguing emerging operations models. As such, our
conceptual framework makes an initial contribution to
operations management theory in the big data context. This
research only used three ‘theory-guided’ cases studies toO
illustrate the big data transformation of operations models.
Therefore, much more in-depth analysis and more detailed
models are clearly needed to assist in the implementation of
big data initiatives and facilitate new innovations in
operation management. Some of the changes that operations
and their connected supply chains face are revolutionary, and
this requires careful consideration from both a practical and
theoretical point of view.
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Abstract. The sales potentials for automotive companies in the core mar-
kets are decreasing and emerging markets, such as the BRIC-states or the
ASEAN countries, are now in the focus of European automobile manu-
facturer’s attention. However, the OEMs have to face different chal-
lenges in the market development process of these high potential mar-
kets. The high number of legal requirements both for the import of fully
build up cars and the local production with globally sourced parts results
in a very time consuming decision finding process which makes fast ad-
justments of the business model in case of a changing business environ-
ment nearly impossible. Therefore, this paper proposes an approach to
support the decision finding process by identifying the influencing vari-
ables and developing a model for optimizing the OEM network configu-
ration that enables demand fulfillment in all markets at minimal costs for
automotive emerging market businesses.

Keywords: Market Development, Decision Support, Supply Chain
Management, Automotive Industry

1 Introduction

The traditional automotive markets in Europe, the USA and Japan are
decreasing, but on the other hand the globalization process offers new
sales opportunities, especially in emerging markets like the BRIC states
or the ASEAN countries (KPMG 2009). However, the access to those
markets is often restricted by tariff and non-tariff trade barriers in order
to protect the local economies and promote local value creation both at
production and supplier sites. The European OEMs have to decide
whether to enter those markets and which market development strategy
fits best in the sense of production and supply cost and performance



measures. The high number of legal requirements both for the import of
fully build up cars and the local production with globally sourced parts
results in a very time consuming decision finding process.

Today available decision support models and methods include produc-
tion and logistics costs as well as customs barriers, but other trade barri-
ers are not part of those models (Ferber 2005; Meyer 2006; Schmaufler
2011). The consequence is that actual decision support models are not
complete and have to be supported by qualitative and value benefit anal-
ysis to include all necessary impacts. This leads to qualitative and often
subjective results, which have to be evaluated in time-consuming collab-
orative processes.

The present paper introduces a new approach which includes non-tar-
iff trade barriers into a mathematical decision support model and enables
a holistic analysis of development strategies for emerging markets.
Therefore, the paper identifies the most important variables influencing
the decision finding process and transfers them into a mathematical de-
scription taking the analyzed dependencies and restrictions into account.
The result allows the assessment of different business cases and proves
the significant influence of those non-tariff trade barriers on such a deci-
sion making process.

2 Derivation of variables triggering complexity in
global automotive production

Decision finding in market development questions is a very complex
task due to multiple possible forms of network configuration. From an
OEM perspective existing production network structures should be con-
sidered when calculating business cases for market developments.
Therefore, the assessment of possible network configurations is needed.
An identification of variables and the ability to allocate related costs and
quantitative measures is needed to model and compare business cases
based on various network configuration scenarios. In the following an
automotive production network is specified as a complex system. To pro-
vide OEMs with a new approach to handle complexity in the evaluation
process of possible network configurations an identification of relevant
network variables has been performed in chapter 2. Therefore, an analy-
sis of general structures and processes within global automotive produc-
tion, sourcing, logistics and international trade barriers was conducted.



2.1 Analysis of general structures and processes in international
automotive production networks

Global Automotive Production

Automotive business functions like research and development, sourc-
ing, production, distribution and aftersales can be dispersed globally at
different business locations and conducted by various business partners.
Global automotive production today is therefore organized in production
networks. A production network consists of one or more companies that
are connected by supply relations (Meyer 2006). From a supply chain
perspective, the OEM builds the center of the chain. The value chain
converges over multiple supplier tiers until production at the OEM and
diverges at the distribution across retailers and end customers. Produc-
tion at the OEM integrates multiple production sites (Wittek 2012). Pro-
duction plants distinguish in production abilities and equipment attrib-
utes. According to the performed business and production functions net-
work locations can obtain certain roles. So called server factories pro-
vide specific regional markets and are able to evade customs and tariffs
regulations. Offshore factories use low cost production strategies to pro-
duce specific parts at minimum expenses and distribute these parts via
export to demanding network locations. Another example are lead fac-
tories which develop new processes, products and technologies to spread
and transform them within the network (Friedli, Schuh 2012). A signifi-
cant impact triggering complexity in automotive production is the rising
variety in products and variants (Ebel et al. 2014). Furthermore, model
selection for specific markets as well as variant adaptation for local de-
mands need to be met in the context of network configuration. Produc-
tion sites within the network differ in capacities and production output
volume due to the layout of the production site and the specific produc-
tion lines. These features need to be considered for vehicle production
allocation, when designing production strategies. Production strategies
determine the selection of vehicle models, including decisions about
platform strategies, production line design and used production equip-
ment. The depths of production, meaning the design of production steps
along the production line, including pressing plant, body construction,
painting and assembly can also be regarded as a feature of a production
plant. Not every local production site provides each function. It can be
distinguished between production sites offering all production functions



and assembly plants only. For example, in the context of serving devel-
oping markets, some production sites (e.g. server factories) simply offer
assembly functions. Therefore, production and supply strategies need to
consider that specific production sites need to be supplied with specific
pre-assembled parts and components (e.g. completely and semi knock-
down strategies) (Klug 2010). Exact plans of the local production pro-
cess and buildability checks are needed. Another factor influencing local
production site layout as well as agreements with contracting partners is
the strategy of internationalization. It can be distinguished between fol-
lowing forms of market entry: export, contract manufacturing, licensing,
minority participations, strategic alliances, joint ventures, subsidiary’s
and mergers. Some partnerships require high investments costs in the
foreign market, which need to be considered at network configuration
tasks (Schmid, Grosche 2008). Country specific legal and political norms
influence strategy selection for market entry respectively for corporation
with local production partners. They also effect local content require-
ments and regulations concerning local value creation. These require-
ments need to be obtained when creating network configuration because
they determine specific parts and components for local production
(Kohne 2013). Local content requirements also need to be recognized in
the sourcing process and the bill of materials in order to deliver the cor-
rect amount of parts and components. Other substantial factors are local
political, legal, economic, social, technical and environmental situations.
Knowledge about international business environment and general market
conditions can lead to competitive advantages for OEMs. The competi-
tiveness of production locations is influenced by different levels of factor
and overhead costs and quality and efficiency of partners and service
providers. Topographical characteristics, available structures for trans-
portation, information and communication also affect network configu-
ration decisions. (Gopfert, Braun).

Global Automotive Sourcing

Sourcing strategies imply from which supplier parts and components
are delivered to the production sites of the OEM (Klug 2010). In general
sourcing strategies of demanding parties pursue maximum benefits at
minimum costs (Gudehus 2012). OEMs have set standards of quality re-
quirements and seek suppliers that deliver parts and components at the
lowest price. In international automotive networks, materials are sourced



in different states of assembly. Sourcing strategies can include the sourc-
ing of single parts and components, the sourcing of pre-assembled mod-
ules (system sourcing) (Werner 2013), the sourcing of pre-assembled ve-
hicles due to country specific import regulations and production line de-
sign in local assembling plants (knock down strategies) and the ordering
of completely assembled vehicles for sales activities in target markets
(completely build up vehicles) (Klug 2010; Kéhne 2013). Common
sourcing strategies can be divided into local, regional and global sourc-
ing. In the context of international automotive production local sourcing
strategies are to be applied, when country specific local content regula-
tions exist. Finding local suppliers that meet the OEMs quality require-
ments can lead to additional costs for supplier development. In emerging
markets local supply is generally backed up by regional or global suppli-
ers. That leads to the concepts of single sourcing (parts and components
are delivered by one supplier only), dual sourcing (parts and components
are delivered by two suppliers to secure supply in case of delivery fail-
ure) and multiple sourcing (more than two suppliers for certain types of
parts and components) (Klug 2010).

Global Automotive Logistics

Supply chain management and logistical structures support the inter-
national production network. Referring to the definition of a supply chain
from CHOPRA and MEINDL a supply chain consists of all parties partici-
pating in the fulfillment of a customer’s request. For that reason, a supply
chain integrates manufactures, suppliers, transporters, warehouses, re-
tailers and customers (Chopra, Meindl 2014). In the context of this paper,
transportation of parts, components and pre-assembled vehicles (knock
down strategies) from suppliers to production sites (local and interna-
tional) are to be considered as well as transportation of completely as-
sembled cars from production sites to target markets. International trans-
portation networks consist of knots and edges in theory. Edges are
transport routes of a certain direction and lengths. When designing trans-
portation routes modal choice, which refers to the choice of a certain
mode of transportation, including road, air, sea, and rail is to be consid-
ered. The choice of a transportation mode determines delivery costs and
time. It also includes the choice of a logistics service provider, who offers
logistics services (e.g. shipping and handling) in a certain depth and qual-
ity and uses freight rates, which vary according to demand development.



Besides the locations of suppliers, warehouses, production sites and re-
tailers, the choice of the transportation mode leads to the specific location
of knots in the network. Knots (transshipment and consolidation points)
connect multiple edges within the network (Schieck 2008). Typical func-
tions in transshipment points can also be warehousing and packaging ac-
tivities to meet the requirements of material security and timing strate-
gies within logistical concepts. They have an effect on costs and effi-
ciency of supply structures. Depending on the properties of material (e.g.
dangerous goods, stage of preassembled components) special packaging
requirements, as climate adjusted packaging, occur (Gopfert, Braun). In
the context of this paper, a general international transportation route can
be subdivided in pre-carriage (transportation from supplier to consolida-
tion hub or border of departure country), main carriage (transportation
from hub or border of departure country to hub or border of receiving
country) and on-carriage (from hub or border of receiving country to pro-
duction site). These multistage supply chains cause higher risk in relia-
bility of supply set off by numerous supply chain interfaces and lead to
higher uncertainty within the system (Klug 2010). The decision of pro-
duction programs should consider delivery capability of suppliers as well
as appropriate capacities for processing production material throughout
the chain of freight forwarders, packaging sites and transshipment points
as well occurring costs for additional capacity acquisitions. The number
and diversity of network integrated customs offices rises with increasing
internationalization as well as the complexity in process management,
document management and management of information and financial
flows (Gopfert, Braun).

International Trade Barriers

When designing global production and supply structures with border-
crossing material transportation, trade barriers are an inevitable parame-
ter. Trade barriers can be a dynamic factor due to changes in government
and economic development (Gopfert, Braun). Trade barriers can gener-
ally be categorized in tariff and non-tariff trade barriers. Tariff trade bar-
riers summarize duties and levies for imported and exported goods.
Within global automotive supply structures tariff trade barriers work as
financial devices, restricting import amounts of products. Governments
raise import duties to protect domestic markets. Diversity of duties for
different stages of preassembled components can lead to a shift in value
creation in domestic economies. For internationally shipped parts and



components certain customs rates apply on the parts price and partially
on the shipping costs. Customs rate vary strongly regarding the import
of parts and components and completely assembled cars. Non-tariff trade
barriers including quotas, limitations and administrative trade barriers
according to SIVAKUMARAN ET AL. can restrict amounts and values of
parts and components imported into a target market. An important ex-
ample affecting automotive production are quotas for local content tar-
gets. If certain local content specifications are prescribed parts and com-
ponents need to be sourced locally. Therefore, supplier development
costs may occur (Sivakumaran et al. 2015).

The above analyzed structures and processes of global automotive pro-
duction do not intent to be a complete of automotive production, but rep-
resent main features that when determining scenarios of network config-
uration. Features of network configuration are interconnected in various
relations. A change in one variable may have an effect on many other
elements and relations within the system. The next chapter describes the
complexity of the automotive production system.

2.2 Complexity within international automotive production

Adhering to LUHMANNS definition complexity of the whole automo-
tive production system can be described as follows: A characteristic of a
complex system is the amount and diversity of possible relations within
a system (Luhmann 2005). In the system of international automotive pro-
duction, relations between OEMs and suppliers, customers, production
corporations, logistics service providers and customs offices were iden-
tified amongst others. Also objectively determinable system properties
could be identified, e.g. available production capacities, design of pro-
duction lines, locations of suppliers and consolidation points, available
modes of transportation and transport distances, costs for customs and
tariffs as well as regulations for local content and local value added. An-
other characteristic of complex systems is the lack of transparency, e.g.
due to decentralized production, globally distributed suppliers and mul-
tiple stage supply chains. Many partners are involved in the automotive
production process and needed information are not at any times available
for every partner in the network. Because of multiple parties involved in
international automotive production there is a diversity in system inter-



faces, due to partners being equipped differently in systems and technol-
ogy. A rising diversity in vehicle models and variants is driven by more
individualized customer demands and adapted variants for local markets.
High dynamics, situation-specificity and a certain degree of uncertainty
in overall conditions in international automotive production is triggered
by variations in vehicle demand, the need for new supply concepts when
entering new markets due to diverse trade barriers, and supplier devel-
opment costs (Bretzke 2015).

This chapter attempts to identify complexity drivers within the system of
global automotive production. Therefore, variables determining network
configurations scenarios are derived in the following step. These are to
be recognized when developing a quantitative evaluation approach
(mathematical model) in chapter three.

2.3 General requirements of the network configuration model

Deriving from the above conducted analysis following variables need to
regarded for the cost assessment in production, sourcing, logistics and
trade barriers. The total demand per vehicle model and target market
need to be estimated. Also the number and location of available produc-
tion plants including production capacities should be known. The pro-
duction line design of a plant determines which models and variants and
therefore which specific parts, components and pre-assembled car for-
mats can be processed in production. For cost assessment production
plant assets and further factor costs need to be included amongst others.
Due to parts and components price and local sourcing and local value
creation requirements’ suppliers and volumes per part and production
plant are to be selected. Regarding the design for transportation possibil-
ities, transportation distances between supplier and producing plant for
parts and components as well as between plant and target market for the
transport of complete vehicles need to be analyzed. The choice of the
transportation mode and of a logistics service provider determine trans-
portation costs for parts and complete vehicle transport. It is necessary
to include tariff costs which differ strongly between the import of part,
components, pre-assembled cars and complete vehicles. Furthermore,
country specific regulations evoke restrictions for local content and local
value added which need to be integrated because they limit the selection



of suppliers and determines the production line design. Local content re-
quirements can lead to the development of local suppliers which can be
regarded as an additional cost factor.

3  Decision support model for sourcing strategies in the
market development process

Based on the analysis this paper proposes an approach to support the
decision finding process in finding the network configuration that ena-
bles demand fulfillment in all target markets at minimal costs for auto-
motive emerging market businesses. Depending on the legal and supply
chain-oriented regional situation, the model enables a cost-optimized
adaption of the sourcing strategy. First, the decision areas of the model
will be described in detail. Subsequently, the mathematical model de-
scription is presented.

3.1 Decision areas of the decision support model

The areas of the decision support in this context are closely linked with
the concept of supply chain management and can be seen as a subtask of
it (Ferber 2005; Schmaufler 2011). Supply Chain Management can gen-
erally be divided into four main processes, namely procurement, produc-
tion, distribution and sales, which have different planning tasks regard-
ing short-, mid- and long-term planning horizons (Fleischmann et al.
2015). The approach described in this paper focuses on the long-term
decision areas supplier selection and allocation of vehicle production in
the selected production plants. Furthermore, in the context of market de-
velopment processes for the automotive industry trade barriers are con-
sidered and the minimization of the total costs for the fulfillment of mar-
ket demand including production and distribution to the target market
will be part of the model. Therefore, specific selection and allocation re-
strictions apply, which were analyzed in chapter 2. Following the task
allocation of the Supply Chain Management Task Model (Kuhn,
Hellingrath 2002), these tasks fall within the scope of the supply chain
design problem (Parlings et al. 2013) and span the main supply chain
processes procurement, production and distribution because of the “com-
prehensive character of the strategic planning” (Fleischmann et al. 2015).



The supplier selection task defined in the decision support model starts
after the procurement department conducted a preselection of available
suppliers for each predefined part or component. The model chooses the
supplier for a specific part or module of a specific vehicle model, which
will lead to the minimized costs considering the price of the part, the
packaging, handling and transportation costs from the supplier to the se-
lected production plants and tariff trade barrier costs if apply. Depending
on the agreements with the supplier, the logistics cost can be taken over
by the supplier and included in the parts costs. However, in the context
of total landing costs theory (Trent, Roberts L. 2009), these costs have to
be included in the cost consideration, as they will affect the profit either
way. Local content restrictions of the target market will be included on
a vehicle basis, if a local production plant is taken into consideration.
However, in this model, only the first-tier suppliers are taken into ac-
count.

The allocation task of the model uses the optimized supplier selection
data in order to optimize the allocation of the demanded production vol-
ume to the selected production plants. It minimizes the sourcing costs,
production costs as well as the distribution costs of completely build up
(CBU) vehicles from the production plants outside the target market to
it. The sourcing costs are calculated for each vehicle and plant. The pro-
duction costs are integrated as an input data per vehicle and production
plant since the optimization of the production costs is not in the focus of
this paper. Research on global production optimization can for example
be found in (Meyer 2006; Bundschuh 2008; SchmaufBler 2011, 2011), re-
spectively. In the context of the development process in the automotive
industry, the partial production of vehicles has to be considered (s. chap-
ter 2). This problem is in a first step simplified in the model by integrat-
ing possible partial vehicle states as a supplied part in the input data,
where the supplying production plants are listed as possible suppliers.
The listed price for this module corresponds to the transfer price of that
part from the production plant. In the restrictions area it will be defined,
which plants are allowed to source these modules from other plants, what
is actually a representation of the partial production strategy. The distri-
bution costs contain the packaging, handling and transportation costs for
CBU vehicles from each plant outside the target market as well as costs



for tariff trade barriers. Restrictions apply for the minimum and maxi-
mum production capacity for each plant and through non-tariff trade bar-
riers in the case of a production plant in the target market.

3.2 Mathematical description of the decision support model

In order to determine the optimal sourcing strategy for the local de-
mand fulfillment, the main cost drivers have to be evaluated and the sce-
nario with the lowest total landed cost has to be calculated. Therefore, a
mathematical optimization model is used, which minimizes the total
costs. The cost drivers taken into consideration are separated into three
groups, namely production cost, distribution cost and sourcing cost. The
former compromises the expenses for manufacturing, labor, new invests
as well as indirect production costs such as costs for the production fa-
cilities. The distribution cost includes the expenses for logistics and han-
dling as well as the tariff costs for the import of completely build up cars
(CBU) from main plants to the target market. The third group, the sourc-
ing cost, compromises the costs for all supplied materials and preassem-
bled modules, the transportation and packaging costs to handle the sup-
plied parts, the tariff costs as well as supplier development costs. In this
paper the focus will be upon the sourcing cost in particular. The basic
structure of the model is shown in Fig. 1.

The production volume for each plant and model as well as the binary
decision for the selection of a supplier for each part and model at a spe-
cific plant will be the decision variables. Furthermore, non-tariff trade
barriers and other restrictions are formulated as constraints. To classify

the decision support model, the main characteristics of the model have
to be defined:

— Static: The variables are assumed to be constant over the time period.
— Deterministic: The variables are integer or binary numbers.

— Linearity: The target function as well as the constraints are linear.

— Non-negativity: None of the variables may be negative.



On the basis of the defined model characteristics a binary and integer
linear programming approach for the decision support model is selected.
The model is written in MPL 5.0 (mathematical programming language)
and solved with the standard solver Gurobi Optimizer version 6.0. The
first step of the optimization focuses on the selection of the supplier with
the total minimum cost per supplied part or module for each model and
plant. This problem is formulated as a binary linear program:

MIN (ci;), (1)
where
ClS;] = ZZ (PCl,j,T,S (1 + CR{?]?T,S) + SDl,j,T,S
TER SES
(2)
+ PVl,r Z (TDfﬁr,s,m ) TRgF)) AL jrs
meM

The sourcing cost cf ; per vehicle model /(! € L) and production plant
J (j € J) are minimized by multiplying all considered cost factors with
the binary decision variable @, j ;- s, where the index r(r € R) represents

each defined part or component and the index s (s € S) represents each
supplier per part or component. The considered cost factors are in detail:



the price for the supplied part or component PCj ;.. ;. Tariff costs per part,
which is calculated by multiplying the parts price with the according cus-
toms rate C Rf ]-C,m. Therefore, the data must be edited in a form, where it
is clear, in which countries the production plants and the supplier plants
are located. Supplier development costs SD, ;. s, especially for suppliers
from less developed automotive industry markets, in order to enable
them to deliver the right products in the specified quality are also inte-
grated. Finally, the logistics cost are calculated by multiplying the vol-
ume of a part PV, ,-with the sum for each transportation mode m (m €
{Land, Sea, Air}) of the product of the transport distance per part
T Df j‘:r‘s’m from the supplier plant to the production plant and the trans-
portation cost rate TRPC per volume and distance unit. The result is
summed up over rand s.

After defining the objective function, the constraints have to be speci-
fied. Therefore, the local content restrictions mentioned in chapter 2 are
transformed into mathematical descriptions.

ZZ(PCU,?',S T Ayjrs Wl,j,r,s)

TER SES (3)

/ ZZ(PCUM © @y jrs) = LPCy

TER SES

W, j r s TEpresents an assignment parameter, where the local suppliers
are defined. The parts costs over all parts from local suppliers is divided
by the total parts costs. This rate should be equal or higher the specified
local content rate LPC; j. Furthermore, three assignment constraints have
to be defined. First, it has to be checked, if the processing of a specific
part is allowed in a specific plant. Therefore the data vector Z; ,., which
contains the assignment data, is used in the following inequation:

z Ajrs < Zj,r 4)

SES

Next, it is made sure that only one supplier is selected in this special
case of the market development process. If another sourcing strategy is
needed (dual sourcing, multiple sourcing) the optimization has to be re-
done without the first selected supplier in order to select another appro-
priate supplier.



z ajrs =1 (5)

SES

Finally, it has to be checked, if all parts for a vehicle are taken into

account:
Z Z ajrs = R (6)

TER SES

The optimization problem for the demand fulfillment task, where the
cost minimal distribution of the vehicle production per plant and vehicle
model is defined, can be formulated as follows:

MIN (c? + cP + ¢%), (7
where
CP = 22((Mcl']+ Pll’]‘i‘WClJ"‘ OCl’j)'xl’j) 8
leL jeJ (3)
=) (TPfo cREY
leL jej*
+ VVBY Z (TDF2y, - TR,%BU)> oy ©)
memM

v j # local production plant

¢S = ZZ(CISJ %) (10)

leL jej

The total landed costs constituted of the total sourcing cost c¢¥, total
production costs ¢ and total distribution costs c? are minimized. c%
will use the results from the first optimization step Cf ; and multiply it
with the production volume per vehicle model and production plant x; ;.



The production costs per vehicle model and plant consists of the machine
cost MCy j, production invest PI, ;, labor costs W, ; and overhead costs
0Cy ;. It will be integrated in total and multiplied by the production vol-
ume in order to calculate the total production costs. The calculation of
c? is designed as the multiplication of the transfer price per CBU vehicle
TPfJB U from a production plant outside the target market (j # local pro-

duction plant) with the according customs rate CRle’ U which will be
added to the logistics costs and multiplied in total by the production vol-
ume. The logistics cost will be calculated in the same way as above by
summing up the multiplication of the transportation distance per trans-

portation mode Tfo,l,]l and the transportation cost rate TR5EU and then

multiplying it with the vehicle volume VV,*BY. Each formula (8) — (10)
will be summed up by the indices /and J.

The constraints for the second step are the following descriptions:

le,j = MV, (11)

JjeJ
Equation 11 makes sure that the exact market demand volume MV, for
each vehicle model is produced in total over all production plants /.

cclih < x; < colt* (12)

Finally, the capacity constraints of each plant has to be considered.
This is done in formula 12. The production volume must be higher or
equal than the minimum production capacity CC LA’]’-IN per vehicle model
and plant and smaller or equal the maximum production capacity

MAX
ceMAx,

4  Validation of the model

The developed optimization model to support the decision finding pro-
cess for sourcing strategies in the market development phase is validated
through a computational analysis. The results are used in order to analyze
decision changings of local production decisions if tariff and non-tariff
trade barriers apply. Therefore, five scenarios are defined (Tab. 1).



Table 1.

Scenario Framework condition

Parent Local Non-tariff Explanation
plant pro-  plant pro-  trade bar-
duction duction riers

Scenario | Complete No pro- Not con- | The whole demand volume will be
1 produc- duction sidered produced in the parent plant. No local
tion production will be performed.

Scenario | Complete Complete Not con- | All production steps for a vehicle will
2 produc- produc- sidered be conducted either in the parent
tion tion plant or the local plant. No partial ve-
hicle production will be performed.

Scenario | Partial Partial Not con- | Inthe parent plant the vehicles will be
3 and com- produc- sidered produced completely or all produc-
plete pro- tion tion steps excluding the final assem-
duction bly are conducted. In the local plant

only the final assembly is performed.

Scenario Partial Partial Consid- Same breakdown as scenario 3, but
4 and com- produc- ered here the non-tariff trade barriers are
plete pro- tion included.
duction
Scenario | Partial Partial Extended Scenario 4 is extended by the integra-
5 and com- produc- tion of a local content rate.
plete pro- tion
duction

The analysis has been conducted for the following case study for a
Germany based OEM from the automotive sector. The numbers have
been anonymized from the real case. The target market is India. The de-
mand for one specific vehicle model VHI1 from the viewed OEM in the
target market is about 10.000 vehicles. Each of the model can be pro-
duced locally in the same plant (PP3) as well as in two parent production
plants PP1 and PP2. The applying tariff rate in the target market for the
import of CBU vehicles from Europe is 75% depending on the vehicle
model and engine size (European Commision 2015). Relevant non-tariff
trade barriers in the target market are the provision to conduct two sig-
nificantly relevant production steps locally, e.g. the assembly of the en-
gine as well the assembly of the brake system, in order to profit from a



decreased tariff rate of 30% for the import of the knocked down vehicle
parts (Sivakumaran et al. 2015). A further decreased import rate of 15%
will be applied, if the parts are not imported as kits but on own logistic
concepts. But this scenario will not be considered in this case. A local
content rate is not specified. In the parts lists, which are defined per pro-
duction step, for every part at least one possible supplier is assigned. The
supplier base spans 10 markets including the European Union, ASEAN
and Mercosur. For 45% of the parts a local supplier can be chosen. The
tariff rates for the supplied parts to the production plants have been gath-
ered through the European Market Access Database (European Com-
mision 2015) and OEM own analyses. Additionally, production invest
for a local production is integrated. To solve the case study, the Gurobi
solver was used on a standard personal computer, with a Core 17 CPU
(2.7 Ghz) and 8 GB memory. The calculation time was less than two
minutes.

The first two scenarios only consider a full production in the plants
(body, paint and assembly). In the other scenarios the local plant PP3 is
only capable to conduct a specific range of production steps. The other
steps have to be completed in the main plants. Additionally, in the first
three scenarios the cases are calculated without considering the non-tariff
trade barriers Finally, the last case is calculated with a fictive local con-
tent rate of 40%, similar to the ones in Russia or Thailand (Sivakumaran
etal. 2015; EABC 2012). Due to the fact that the data is highly sensitive,
the numbers were anonymized. However, the results are presented in Fig.
2 represent the qualitative results as well the correct percentage differ-
ences between the scenarios.



Fig. 2.

= Parent Plants Local Plant ~===Local Supplier Rate
450 mil. - - 50%

400 mil. -

0%
350 mil. - *f40%
300 mil. -

82 - 30%
250 mil. -

200 mil. -
- 20%

Local supplier rate

150 mil. -

100 mil. - L 10%

Demand fullfillment cost [€]

50 mil. -

0 mil.

T T T T r 0%
Scenario 1  Scenaro2  Scenario 3 Scenario4 Scenario 5

It can be seen that the first two scenarios show by far the highest de-
mand fulfillment costs. In the first scenario the parent plant with the low-
est total costs is chosen to produce the whole market demand. In the sec-
ond scenario a local production capacity of 4.000 vehicles in PP3 is spec-
ified in order to show the difference to scenario one. Based on this re-
sults, under the circumstances of this case a local production is recom-
mended. However, a complete local production of the vehicles in this
production volume range is unrewarding, as scenario 2 is more expensive
than the scenarios 3 and 4. This is due to the fact that the investment for
a full-fledged local production plant is highly expensive. The require-
ment to conduct two significant production steps locally does not change
the decision of performing the final assembly locally, thus it is more ex-
pensive than without the non-tariff trade barrier (scenario 4 is cheaper
than scenario 2). However, the initiation of local content requirements
will not change the decision in this case. A local content rate of 40% will
increase the demand fulfillment cost slightly to the previous scenario
even though the previous scenario had already a local content rate of
38%. This is due to the fact that the most newly selected local suppliers
have to be developed in order to supply the right parts in the right quan-
tity and quality. This comprises process development as well as IT-
integration. Additionally, the parts costs are commonly more expensive
than the ones from the established suppliers because of the lower sourc-
ing volume even though the Indian supplier market is classified as cheap



and developing in other research publications (Schmaufler 2011). The
results also show that local suppliers will be used if they are already de-
veloped because of the lower logistics and tariff costs. Additionally, this
decreases the exchange rate risk in the context of natural hedging (Diel-
mann, Héacker 2012).

It can be concluded that the tariff rate is not the only decision aspect
for a local production. In fact, the non-tariff trade barriers have a similar
decision importance. Furthermore, with a rising production volume the
development of local suppliers is recommended as this development
costs will be rewarded with decreases logistics, tariff and exchange risk
costs.

5 Conclusion

The paper introduces a new mathematical model for the assessment of
emerging market developing strategies including non-tariff trade barri-
ers. Therefore, different impacts are introduced and transferred into a de-
cision support model to show the significant influence of those impacts
on the economic feasibility of market entrance business cases. The find-
ings presented in this paper do contribute to both research as well as
practice. With regard to research, the findings contribute to further de-
velopments of process models and frameworks in the context of automo-
tive market entry process research. With regard to practice the existing
planning processes can be focused using the mathematical model, which
can lead to shorter planning durations. As a result, the car manufacturers
are able to better react to the dynamic environment in the emerging mar-
kets.

The relevance of non-tariff trade barriers will increase in future.
Therefore, the model has to be extended through future research. The
next step is to integrate the dynamic aspect of changing parameters dur-
ing time as well as the integration of additional trade barriers and their
influence on the decision making process.
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Abstract

This paper applies the principles of Input Output Analysis (I0A) to identify key structural
dependencies between the pharmaceutical sector, the digital sectors, and all the other sectors
in an economy. The computation and visualisation of selected metrics to evaluate the strength
of downstream and upstream economic connectedness of the digital and pharmaceutical sec-
tors is demonstrated using digital data collections for the UK national economy. Although the
analysis is limited to a single-country and a single reference year for illustrative purposes, the
proposed approach is meant to provide a bird’s-eye view on how the networked structure of
the economic system determines paths of influence between the sectors of interests. Such a
top-level view is meant to inform and complement the assessment of individual technology
interventions of relevance for the “digitisation’ of end-to-end pharmaceutical supply chains.

Keywords: Input-Output Analysis; Structural Path Analysis; economic connectedness; digi-
tal economy; pharmaceutical manufacture

Introduction

The “digitisation’ of end-to-end pharmaceutical supply chains denotes an extensive applica-
tion of Information and Communication Technology (ICT) to the manufacture of medicines,
the provision of digital healthcare services and the collection and communication of bio-
metric patient data. Often, the point of focus is placed on individual technology interventions
of relevance for the “digitisation’ of end-to-end pharmaceutical supply chains (e.g.,
Stegemann, 2015; Rantanen and Khinast, 2015), while little or no attention is paid to the
evaluation of the strength of downstream and upstream economic connectedness of the digital
and pharmaceutical sectors economy-wide. Defining the digital sector in a national economy
is not straightforward. For example, in the UK official statistics the manufacture of pharma-
ceuticals corresponds to two adjacent activities, while the digital sector involves heterogene-
ous business establishments across manufacturing and service industries which share the aim
to capture, transmit and display data and information electronically (Gough, 2015). The rele-
vant sectors for the scope of this paper are shown in Table 1.



Table 1 Classes of economic activities which identify the pharmaceutical and digital sector. Based on: Gough (2015); ONS
(2015)

NACE SIC code Activity name
classification Aggregate Detail
2. Production 21 21.1 Manufacture of basic pharmaceutical products
21.2 Manufacture of pharmaceutical preparations Pharmaceutical sector
4. Distribution, transport, 26 26.1 Manufacture of electronic components and
hotels and restaurants boards
26.2 Manufacture of computers and peripheral
equipment
26.3 Manufacture of communication equipment
26.4 Manufacture of consumer electronics
26.8 Manufacture of magnetic and optical media
46 46.5 Wholesale of information and communication
equipment Dlgltal sector
5. Information and communi- 58 58.2 Software publishing
cation 61 61.1-61.9 Telecommunications
62 62 Computer programming, consultancy and relat-
ed activities
63 63.1-63.9 Information service activities
14. Other services (non- 95 95.1 Repair of computers and communication
market) equipment

Notes: NACE: Statistical classification of economic activities in the European Community; SIC: Standard Industrial Classification. Aggregate SIC code corre-
spond to the higher level of resolution currently achievable in the UK 10T.

Metrics which refer directly and exclusively to a sector e.g., value added, turnover, and
productivity are typically used to express the state of that sector and its relevance for a na-
tional economy. For example, in 2014 the food and motor vehicles sectors accounted for a
third of the total UK manufacturer product sales, while the pharmaceutical sector experienced
a £1.2 billion worth decline in sales (Barnes, 2015); the digital sector accounted for 6% of the
UK non-financial business economy turnover in 2013 (Gough, 2015). Whether a sector is
‘key’ economy-wide also depends on how it relates with any other sector within the econo-
my. For example, a sector may be more important for the other sectors than the other sectors
are for that sector; or a unit worth expansion of a certain sector may generate more productive
activity, or more support to the overall productive activity than others. While sector-specific
metrics are provided by international and national statistical offices on a regular basis, the
economic connectedness of a sector does not correspond to a single metric, and requires car-
rying out ad hoc computations.

The research presented in this paper illustrates an application of the principles of Input Out-
put Analysis (IOA) to identify key inter-industry linkages between the pharmaceutical sector,
the digital sectors, and all the other sectors with a focus on the UK national economy. To
achieve this aim, publicly available data from the UK national statistical office (ONS) are
processed according to a selection of techniques developed in the field of IOA to measure the
strength of downstream and upstream economic connectedness for the sectors of interest
(Miller and Blair, 2009).

To the authors’ knowledge, analysis similarly aimed at specific industries have been per-
formed with regards to other contexts e.g. the logistic industry in China (Zhong et al., 2007).
While a single national economy and up-front selected sectors are the subject of this research,
analogous techniques and principles can be applied to identify and visualise international
manufacturing networks from the analysis of structural interdependencies within a group of
national economies (Dietzenbacher and Romero, 2007).
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Input-output table of the economy

into  Unit of measure- Sector 1: Sector 2: Sector 3: Total

from ment Agriculture  Manufac-  Households output
ture

Sector 1: Bushels of wheat 25 20 55 100

- Agriculture ($) (50) (40) (110) (200)
Sector 2: Yards of cloth 14 6 30 50

- Manufacture (S) (70) (30) (150) (250)
Sector 3: Man*years of labor 80 180 40 300

- Household: ($) (80) (180) (40) (300)

Figure 1 Streamlined representation of an economic system for the purpose of Input-Output Analysis (based on
Leontief 1986)

The remainder of the paper is structured as follows: the datasets and techniques applied to
achieve the research aim are discussed next, followed by an illustration of the findings gath-
ered from the application of the chosen techniques to the dataset of interest. The findings are
then discussed in the light of the ongoing debate regarding the phenomenon commonly re-
ferred to as “digitalisation’ of the pharmaceutical sector. The closing section wraps up the sa-
lient aspects of the methods used and findings obtained, as well as their limitations, and pro-
vides directions for future research.

Materials and methods

Inter-industry, or input-output tables (IOT) of the economy are a common way for national
and international statistical offices to portray the supply and use of goods and services in an
economy as well as the income generated in that production, while providing a consistent
framework to balancing national accounts (see e.g., EUROSTAT, 2008). The basic idea of
IOT, and its use in IOA can be concisely described by a streamlined example provided by
Leontief (1986) and depicted schematically in Figure 1. Although streamlined, the example
describes the principles underpinning most real-world systems of national accounts aiming to
provide a comprehensive picture of an economy while taking into account its circular nature.

The example depicted in Figure 1 describes the flows of goods and services within a hypo-
thetical economy consisting of two producing sectors (agriculture and manufacture) over a
stated period of time, say a year. It does so through three equivalent representations: 1) tabu-
lar (10T), 2) diagrammatic (nodes and directed arcs); and 3) algebraic (system of simultane-
ous equations).



If the 10T in Figure 1 is read row-wise it describes how the output of each sector is used up
by any other sector for intermediate consumption, and by the households for final consump-
tion. If the 10T is read column-wise, it describes the input structure of the corresponding in-
dustry.

An IOT table of the UK economy for a certain year is a symmetric industry-by-industry table
that roughly follows the streamlined structure described in Table 2. Most EU member states
provide product-by-industry IOTs on a yearly basis, while symmetric product-by-product
I0Ts are produced for each state on a five-year basis. The latest symmetric product-by-
product 10T of the UK economy refers to the year 2010 and will be used through this paper.

A range of metrics of economic connectedness, and corresponding computational techniques
have been developed in the realm of I0A (see Miller and Blair, 2009 Ch. 12 for an overview)
with some overlap with network science (Barabasi, 2016). The following metrics have been
considered for the purpose of this research based on their practical relevance:

e Measures of inter-sectoral backward and forward linkages which express, respective-
ly, the strength of a sector’s reliance on the ‘rest’ of the economy, and the strength of
the reliance of the ‘rest’ of the economy on a specific sector’s output;

e Structural decomposition through path multipliers which quantify the amplifying ef-
fect due to the presence of nonlinearities on the propagation of influence along sec-
tors-linking paths. The average number of steps necessary for an increase in the final
demand of one industry’s output to affect another industry’s is called Average Propa-
gation Lengths (APL).

For the sake of transparency and replicability, these techniques are applied to the reduced
version of the IOT of the UK economy reported in Table 2, at first. Then, the results are
computed at a higher level of granularity for the sectors of interest for this research based on
a detailed 10T featuring 127 industries. Both tables are built by the UK Office for National
Statistics (ONS), and part of a publicly available digital data collection (ONS 2014).

Findings

The IOT in Table 2 can be used to build a ‘demand-driven’ input-output model of the UK
economy by setting up an appropriate system of linear equations similarly to the one illustrat-
ed in Table 1. The equations that make up the basic demand driven, input-output model are
concisely expressed using the following matrix notation:

x=72Z1+y
x=Z% %1 +y
X=Ax+y
I-Ax=y 1)
x=10-A)"1y
X = Ly



Table 2 Summary Input-Output Table of the UK economy, 2010 (values in £ billions, rounded). Adapted from (ONS 2014)

Intermediate uses by industry (NACE code Final Total

1+ ] 2 | 3 [ 4 J 5 | 6 [ 7 [ 8 [ o [ 10 [ 11 [ 12 | 13 [ 14 [ 15 [ 16 | 17 | uses _ output
2.32 8.67 0.19 1.50 0.03 0.00 0.02 0.08 0.02 0.03 0.00 0.00 0.05 0.00 0.00 0.02 0.00 10.06  22.99
w 4.28 156.23 24.32 37.83 6.47 3.85 1.80 9.36 5.37 1.99 2.37 0.07 17.38 0.57 0.02 0.93 0.24  283.39 556.47
g 0.55 4.42 44.51 18.33 1.62 2.83 17.18 1.89 1.08 0.49 0.14 0.01 5.05 0.11 0.00 0.25 0.06 111.72 210.24
Z |4 33.84 7.7 59.73 5.59 9.82 1.04 8.16 2.68 1.14 0.14 0.07 10.72 0.07 0.02 0.97 0.06  360.10 503.05
> 0.21 5.93 2.29 15.93 10.75 12.86 1.84 10.68 1.79 2.15 0.05 0.33 5.07 0.24 0.02 0.50 0.25 75.64  146.52
A 112 13.90 3.56 11.74 2.93 19.09 42.70 7.64 1.59 1.23 0.02 0.02 4.13 0.03 0.02 0.12 011 11280 22276
= 0.06 0.85 1.11 9.09 0.67 3.03 0.76 0.83 0.51 0.25 0.02 0.02 412 0.07 0.00 0.05 0.01 19537 216.81
= -_ 0.39 19.87 16.84 42.45 15.13 26.56 5.41 56.70 4.22 5.57 0.61 0.43 18.18 0.49 0.12 1.10 0.52 75.61  290.20
== o003 1.66 1.33 438 1.28 2.01 4.15 7.05 8.20 0.45 0.01 0.03 36.06 0.00 0.02 2.42 0.09 41,52 110.69
29 10 [y 0.38 0.08 1.41 1.66 1.09 0.06 1.61 0.87 3.05 0.02 0.27 2.37 0.19 0.00 0.19 1.01 43.06  57.35
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.17 6.17
El 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.00 3.00
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 32278 322.78
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.60 4.60
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.04 1.04
o 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 27.99  27.99
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.54 8.54
12.29 31071  108.84  300.66  100.38 14161  141.84  186.20 84.35 40.98 2.78 176 219.66 2.84 0.83 21.46 6.18  282.37

Group NACE SIC codes includ-

code Description ed
Market industry 1 Agriculture [1-3]

2 Production [5-39]

3 Construction [41-43]

4 Distribution, transport, hotels and restaurants [45-56]

5 Information and communication [58-63]

6 Financial and insurance [64-66]

7 Real estate [68.1-2-68.3]

8 Professional and support activities [69.1-82]

9 Government, health & education [84-88]

10 Other services [90-97]
Non-market - Industry 11 Production (non-market) [5-39]

12 Information and communication (non-market) [58-63]

13 Government, health & education (non-market) [84-88]

14 Other services (non-market) [90-97]
Non-profit institutions serving households [69.1-82]
(NPISHS) 15 Professional and support activities (NPISH)

16 Government, health & education (NPISH) [84-88]

17 Other services (NPISH) [90-97]

NACE: Statistical classification of economic activities in the European Community; SIC: Standard Industrial Classification



Where:

X Column vector of total output. Corresponds to the rightmost column in Table 2
X Matrix obtained from the diagonalization of vector x

£~1  Inverse of matrix £
Z Matrix of inter-industry transactions for the reference year. Corresponds to the

area defined by the first 17 rows and columns in Table 2
y Column vector of demand for the reference year. Corresponds to the first 17 rows
of the first to last column in Table 2. Although not displayed in Table 2, the origi-
nal datasets further distinguishes between consumption by households and gov-
ernment, gross capital formation and experts.
Identity matrix of appropriate dimensions
Unity column vector of appropriate dimensions
Matrix of direct input coefficients
Leontief inverse, if exists

= 5 = e

The matrix equations in (1) are the building blocks of the so called “system of quantities’ in
IOA, which is thus named although the underpinning variables are typically expressed in
some monetary currency - see Leontief 1986. The sum of the elements in the j-th column of
A is the amount by which production in sector j directly depends on inputs from the rest of

the economy, while the sum of the elements in the j-th column of L captures both direct and
indirect backward dependencies of each sector from all the other sectors. Values for A and L
corresponding to the 10T of the UK economy for the year 2010 are provided as part of the
source dataset.

Indexes of direct and total backward linkage can be simultaneously computed for each sector
in an economy from the previously obtained matrices A and L as follows (Miller and Blair
2009):

e Index of direct backward linkages, birect = %
e Index of total backward linkages, by, = %

e Index of net backward linkages, b,o; = 1'L§& !

where n is the number of sectors in the economy, and the superscript ' denotes vector or
matrix transposition.

Values greater than one in bgec OF by, denote sectors with strong (above average) back-
ward linkages and hence a strong dependency on interindustry inputs. In practical terms, a
dollar worth expansion of the output of sector j with a direct or total backward linkage index
larger than another sector i’s would be more beneficial since more productive activity will be
generated throughout the economy, directly or indirectly, due to the interconnection between
sector j and the “upstream” sectors. Values greater than one in b, denote “key” sectors that
are more important for the other sectors than the other sectors are for them. In practical terms,
if a sector j has a net backward index greater than one the output generated economy-wise by
an increase in its final demand is greater than the output generated in sector j by an increase
in all the other sectors’ final demands.



Some works compute forward linkages as the row sum of the elements of the same matrices
used to compute backward linkages (e.g., Zhong et al. 2007). In doing so, they implicitly
assume a simultaneous increases of one unit in the gross output or in the final demand in
every sector. More realistic measures of forward linkages require an input-output model
which is driven by the forward interindustry transmission of changes occurring in the value
added elements, or primary inputs:

X' =1Z+V

X' =1R71Z+vV

x'=x'B+V

I-B)x' =V @)
x' =(-B)
x' =GV’
Where:

x'  Transpose of the total output vector x

v’ Row vector of value entering the interindustry system through primary inputs.
Corresponds to the first 17 columns in the last row in Table 2. Although not dis-
played in Table 2, the original datasets further distinguishes between compensa-
tion of employees, imports, taxes less subsidies on products and on production,
and gross operating surplus.

B Matrix of direct output coefficients

G Ghosh inverse, if exists

Indexes of direct and total forward linkage which express the strength of the interconnection
between each sector and the downstream sectors to which it sells its output can be simultane-
ously computed from matrices B and G as follows (Miller and Blair 2009):

: . = B1

e Index of direct forward linkages, fgi et = %
. = nG1

e Index of total forward linkages, f,.,; = Tl

The scores obtained for forward and backward linkages (direct or total) are typically com-
bined to highlight the following types of sectors within an economy:

1. Generally independent: both backward and forward linkage indexes are less than one

2. Generally dependent: both backward and forward linkage indexes are greater than one
3. Dependent on interindustry supply: only the backward linkage index is greater than one
4. Dependent on interindustry demand: only the forward linkage index is greater than one

Figure 2(a) visualises the results of computing the above mentioned indexes using data form
Table 2. On the right-hand side of Figure 2(a) each of the 17 aggregates is classified based on
a combination of its backward and forward linkage indexes, both direct and total. For the
sake of readability, labels are shown only for those aggregates which include the sectors of
interest for this research as indicated in Table 1. On the left-hand side of Figure 2(a), “key”
sectors economy-wise are identified based on their net backward linkage index.

Figure 2(b) shows analogous results at a higher granularity, based on indexes computed for
the SIC codes of interest for this research based on data on 127 sectors from the detailed 10T
of the UK economy for the year2010.
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Figure 2 Classification of sectors based on indicators of backward and forward linkages based on the 10T of the UK
economy for the year 2010: a) aggregated summary data and b) detailed data with a focus on the SIC codes of interest as
per Table 1



Besides providing measures of the overall strength of a sector’s upstream and downstream
connectedness, IOA can be used to compute measures of the influence directly and indirectly
exerted along the connecting paths that characterise the networked structure of the economic
system of interest. Making reference to Table 2, the multitude of interactions among sectors
can be visualised as a directed graph where 17 vertices are connected through 165 edges
(Figure 3a), which reduces to 3 vertices and 12 edges if the focus is placed on the four aggre-
gates of interest of this research (Figure 3b). The network spanning across the sectors in Ta-
ble 1 is shown in Figure 3c.

It is common practice to distinguish between the following measures of economic influence
along the interconnecting paths within an economy (Defourny and Thorbecke, 1984):

e Direct influence: a readily available measure of direct influence is the input coeffi-
cients matrix A derived in (1). For example, a measure of direct influence along the
path having sector 2 (production) as origin of the economic impulse in the direction of
expenditure, and sector 5 (Information and communication) as destination is given by
the element as, = 0.0107 in matrix A. Sector 2 also has a direct influence on sector 4
(distribution), and sector 4 in turn has direct influence on sector 5. The latter is called
an influence path of length 2, and a measure of the influence along such path is:
As5404,; = 0.0317 X 0.0608 = 0.0019. There are 10 paths of length 2 between sector
2 and 5, and the corresponding influence metrics are found multiplying element-wise
row 2 by column 5 in matrix A. Paths of the same or greater length can be investigat-
ed for each origin and destination sector in a similar fashion. However, the longer a
path the lower its influence.

e Total influence: takes into account the amplifying action on the transmission of eco-
nomic impulses due to the presence of circuits adjacent to an influence paths. For ex-
ample, in the above mentioned example of a path of length 2 between sector 2 and 5
through sector 4, part of the economic impulse is transmitted back to sectors 4
through an adjacent circuit. A measure of total influence is given by multiplying the
direct influence by a ‘path multiplier’:

M, = det([I — A],,)/det(I1 — A) ?)
Where:
det(I—A) determinant of the matrix (I — A) obtained in (1)
det([1—A],)  determinant of the matrix [I — A],,
[1-A], matrix obtained from (I — A) by eliminating the rows and columns that

correspond to the poles along a path p connecting sectors i and j.

In the example p = 2,4, 5 indicated that sector 2 has a direct influence on sector 4 and
sector 4 has a direct influence on sector 5, hence [I — A, ] is obtained by eliminating
rows and columns 2, 4 and 5 form (I — A), which yields M, = 1.7707. The total in-
fluence along the path p amounts to: Iy = @seas X M, = 0.0019 X 1.7707 =
0.0034.

e Global influence is the full effect on the output of sector sectors i due to the transmis-
sion of an economic impulse form sector j. It can be demonstrated that global influ-
ence is the sum of the total influences along all the paths spanning two poles i and j.
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Figure 3 Directed graph representation of the 10T for the UK economy for the year 2010. Using data from the sum-
mary 10T, 17 aggregates are shown first (a), 4 of which include the sectors of interest for this research (b). These

sectors are shown at a higher level of granularity based on data from the detailed IOT for the same year (c)

A measure of the global influence along two poles i and j can be concisely obtained
as follows:

P A (- det([1 - Alj;)
global ™ Jet(1 — A) det(1— A) (4)
Where
A;j Is the ij-th cofactor of matrix (I — A)

[1—AJj; Is the matrix obtained by eliminating from matrix (I — A) row j and
column i that correspond, respectively, to the impulse originating and
the impulse receiving poles along the chosen elementary path.

The measure of global influence sums up the total influences along the multitude of
paths spanning two sectors, and corresponds to the element [;; of the Leontief inverse

. . Ay g
L computed in (1). In the example considered here, T lij = 0.0273.
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Measures of direct and global influence by destination/origin combination

Impulse destination and origin (Combined)

Production [5-39], Distribution, transport, hotels and
restaurants [45-56]
Distribution, transport, hotels and restaurants [45-56],
Production [5-39]

Production [5-39], Information and communication [58-63] _ _
Information and communication [58-63], Other services

oonmarkey <007 [ NRRRERE I
Distribution, transport, hotels and restaurants [45-56],
Information and communication [58-63]
Information and communication [58-63], Distribution, transport,
hotels and restaurants [45-56]
Distribution, transport, hotels and restaurants [45-56], Other -
services (non-market) [90-97]
Information and communication [58-63], Production [5-39] - -
0.0 0.2 0.4 0.6 0.8 1.0 0.0 02 0.4 0.6 0.8 1.0 12 1.4
Direct influence, immediate Global influence

Top 10 total influences along paths of length 2

0.012 O

Distribution, transport, hotels and restaurants [45-56], Other services (non-market) [90-97], Production [5-39]

0.010
o
0.008 Production [5-39], Distribution, transport, hotels and restaurants [45-56], Construction [41-43]
Production [5-39], Information and communication [58-63], Professional and support activities [69.1-82]
]
0.006 °
0L o
00 o
0.004 Distribution, transport, hotels and restaurants [45-56), Information and communication [58-63], Production [5-39]
0.002
0.000

0.0000 0.0005 0.0010 0.0015 0.0020 0.0025 0.0030 0.0035 0.0040 0.0045 0.0050 0.0055 0.0060 0.0065 0.0070 0.0075 0.0080
Direct influence, mediated

% global influence Path multiplier

2.52% 10.00% 15.00% 20.00% 25.00% 28.52% 1.3777 _ 2.0692

Figure 4 Main influence paths of length 2 for the four aggregates of interest for this research based on the summary
10T of the UK economy 2010.

¢ Finally, the ratio between total and global influence for a path spanning two poles i
and j reveals the amount of global influence exercised indirectly through the demand

for the output produced by other sectors within the economy. In the example consid-
Itotal 00034

ered here, tona = m~12.4%.

Figure 4 shows the results of computing the main paths of length 2 between the 4 aggregates
of interest for this research alongside the measures of direct and global influence obtained by
computing the matrices A and L in (1). At a higher level of granularity, measures of the di-
rect, indirect and total influence (up to paths of length 2) between the digital and pharmaceu-
tical sectors is shown in Figure 5, with an emphasis on those influence paths having pharma-
ceuticals manufacturing as the point of origin and as the point destination of economic im-
pulse.

The average number of steps it takes to a backward demand pull (or a forward cost push)
originating in a sector to affect the output in another sector is referred to as Average Propaga-
tion Length (APL). A measure of APL between two an impulse destination sector i and an
impulse originating sector j sectors i and j can be computed as follows (Dietzenbacher and
Romero 2007):



Top influences to and from pharmaceutical manufacturing

Direct influence originated from the pharmaceutical sector Direct influence detstined to the pharmaceutical sector
SIC_origin & . SIC_origin & SIC_..
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Avg. Direct influence, immediate
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0.0010 0.00004
21,64, 61 58,87-88, 21
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0.0000 0.0002 0.0004 0.0006 0.0008 0.0010 5.0e-06 1.0e-05 1.5e-05 2.0e-05 25e-05 3.0e-05 3.5e-05
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0.73% 6.00% 1.09082 — 1.18233 0.88% 30.00% 1.0794 — 1.3568
2.00% 8.00% 10.00% 40.80%
4.00% 12.20% 20.00%

Figure 5 Top influences (direct, global and total) to and from the pharmaceutical sector involving the sectors included
in the definition of digital economy. Pairs of numbers denote the SIC codes of the origin and destination sectors; tri-
plets denote the SIC codes of origin, mediating and destination sectors.

h::
=, iz
qij = .. (5)
jj ..
G-
(jj - )
Where:
lij Element of the Leontief inverse L obtained in (1)
hij Element of the matrix H = L(L —I)

The closer to one is g;; in (5), the more prominent are the direct dependencies compared to
the indirect linkages between two sectors i and j. The application of (5) to the Summary 10T
of the UK economy in 2010 suggests that only one linkage, namely between agriculture and
the financial and insurance sector, is larger than 3.00. Linkages which are either direct or me-

d

iated by a single step prevail at this level of aggregation. Results obtained at a higher level

of granularity for the manufacture of pharmaceuticals are shown in Figure 6.

Discussion

At the highest level of aggregation in Table 1, the evidence presented in the previous section
suggests that in 2010 the UK production and distribution sectors are ‘generally dependent’,
having above average (strong) backward and forward linkages, both direct and total. Con-
versely, information and communication technology and other services are ‘generally in-
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Industrial gases, inorganics and fertilisers (all inorganic chemicals) - 20.11/13/15
Scientific research and development services

Petrochemicals - 20.14/16/17/60

Wholesale trade services, except of motor vehicles and motorcycles

Human health services

Financial services, except insurance and pension funding

5000000

Natural water; water treatment and supply services
Postal and courier services
Advertising and market research services
Publishing services
Soap and detergents, cleaning and polishing preparations, perfumes and toilet prepar
Grain mill products, starches and starch products
Accounting, bookkeeping and auditing services; tax consulting services
Computer programming, consultancy and related services
Information services
Paper and paper products
Fabricated metal products, excl. machinery and equipment and weapons & ammunitio

OOOOOOOOOO
o

Sewerage services; sewage sludge
Crude petroleum and natural gas & Metal ores

Fish and other fishing products; aquaculture products; support services to fishing
Travel agency, tour operator and other reservation services and related services
Coal and lignite

OOOOO

Manufacture of cement, lime, plaster and articles of concrete, cement and plaster
Products of forestry, logging and related services (@)
Repair and maintenance of aircraft and spacecraft O
Repair and maintenance of ships and boats O
Mining support services 1500 000 O

Figure 6 Average Propagation Lengths form the pharmaceutical manufacture sectors (SIC 21), with a focus on
below 1.6 and above 3 steps

dependent’ for the opposite reason. Hence, a dollar worth expansion of the output of produc-
tion and distribution is expected to generated and support more productive activity through-
out the economy than an expansion of the same magnitude in information and communica-
tion or other services.

At a more granular level, however the picture is varied. The manufacture of pharmaceuticals
(SIC code 21) is “generally independent” when considered individually, and so are the 2 SIC
codes included in the other services aggregate: information service activities (SIC code 63)
and repair of computers and communication equipment (SIC code 95). Of the remaining 5
SIC codes making up the digital economy those sectors included within the information and
communication aggregate are either dependent on inter-industry demand (62 - Telecommuni-
cations, and 61 - Computer programming, consultancy and related activities) or dependent on
inter-industry supply (58 — publishing). Finally, the relevant SIC codes included in the
wholesale distribution aggregate (26 - computer, electronic and optical product) and 46
(wholesale trade services) are both generally dependent although sector 26 is only slightly so.
With the exception of wholesale and distribution, most of the sectors of interest for this re-
search have weak economic connectedness with the rest of the economy, and hence it is not
the case that an expansion of the sector’s output is more beneficial compared to other sectors’
in terms of economic activity and support generated for the reset of economy. However, the
sectors included in the information and communication aggregate show either a strong back-
ward linkage or a moderately strong forward linkage.

At the aggregate level, the key sectors in terms of ‘net” backward linkage mostly belong to
the non-market economy. Among the aggregates of interest of this research, only distribution
and other services qualify as ‘key’, although in the lower end of the range. At a greater level
of granularity, the manufacture of pharmaceuticals as well as the two sectors included in the
distribution aggregate qualify as “‘key’, meaning they are more important for the rest of the
economy than the rest of the economy is for them. For the manufacture of pharmaceuticals,
this may be due to its weak dependency on other sectors within the UK economy, whereas for
distribution its key role reinforces its strong connectedness.

13



Analysis of the direct input coefficients and the elements of the Leontief inverse for the rele-
vant sectors listed in Table 1 (Figures 5) reveals that the direct immediate, and global trans-
mission of economic influence between the sectors of interest happens primarily along the
path spanning between the manufacture of pharmaceutical (SIC 21) and the wholesale sector
(SIC 46), followed by the paths between SIC 21 and the sectors included in the Information
and communication aggregate: Computer programming consultancy and related activities
(SIC 62); publishing (SIC 58), Telecommunications (SIC 61) and Information service activi-
ties (SIC 63).

Decomposition of the main elementary paths of length 2 spanning between the relevant sec-
tors listed in Table 1 (Figures 5) provides the following insights:

e Most of the direct and total influences originating from the manufacture of pharma-
ceutical (SIC 21) is direct toward computer programming, consultancy and related
services (SIC 62) and Telecommunications services (SIC 61) via Financial services
(SIC 64), Wholesale (SIC 46), and to a lesser extent Advertising and market research
services (SIC 73) and Postal and courier services (SIC 53). The path from SIC 21 to
SIC 61 through SIC 64 is also the largest in terms of proportion of global influence
accounted for (12%). Most influence between SIC 21 and SIC 46 is exerted through
Petrochemicals (SIC 20B in the IOT denotes a combination of the SIC codes
20.14/16/17/60), and to a lesser extent through Paper and paper products (SIC 17).
This path, and the one form the manufacture of pharmaceuticals to publishing services
(SIC 58) through SIC 73 have the largest path multipliers.

e The direct and total influence from the digital economy sectors to SIC 21 is generally
much lower than the influence exerted in the opposite direction. The main influence
path originates from Computer, electronic and optical products (SIC 26) via Whole-
sale services (SIC 46). This path accounts for about 41% of the global effect and has
the second highest multiplier effect. Another relevant path originates form Publishing
services (SIC 58), and reaches SIC 21 through Social care services (SIC 87-88), with
the highest path multiplier, or via SIC 46. Of much smaller importance the paths orig-
inating from Telecommunications services (SIC 61) via SIC 46 or Education services
(SIC 85); from SIC 46 through Land transport services (SIC 49.3-5) or products of
agriculture (SIC); from Computer programming, consultancy and related services
(SIC 62) through SIC 85; from information service activities (SIC 63) through Office
administrative, office support and other business support services (SIC 82); and from
Repair services of computers (SIC 95) through SIC 85.

Figure 6 shows that, at a higher level of granularity, the manufacture of pharmaceuticals has
the smallest backward APL (< 1.60) with inorganic chemicals (in the IOT this is indicated
as a combination of the SIC codes 20.11, 20.13, 20.15); scientific research and development
(SIC 72); petrochemicals (a combination of the SIC codes 20.14; 20.16, 20.17, 20.60) and
human health services (SIC 86). With the exception of repair services of computers (SIC 95),
the APL between the manufacture of pharmaceutical and most of the sectors which in the
digital economy is below 2, the smallest (< 1.60) being with wholesale trade services (SIC
46), publishing services (SIC 53), Computer programming (SIC 62), and information services
(SIC 63).
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Conclusion

This paper has illustrated an approach to identify key inter-industry linkages between the
pharmaceutical sector, the digital sectors, and all the other sectors with a focus on the UK na-
tional economy in a given year. This aim was achieved through the application of principles
developed in the field of Input Output Analysis (IOA) to publicly available empirical data for
the UK economy. The approach has generated a range of measures of economic connected-
ness in terms of 1) reliance of any sector on any other sector within the economy, or back-
ward linkage, as well as reliance of the rest of the economy on the delivery from that sector,
or forward linkage; and 2) transmission of economic impulse along a multitude of paths of
different lengths spanning any couple of sectors, and the associated amplifying effect due to
the presence of circuits adjacent such paths.

The first set of measures led to a classification of the relevant sectors to identify those whose
expansion is expected to be more beneficial in terms of activity generated and supported due
to the nature of the sectors’ connectedness with the rest of the economy, and to the identifica-
tion of those ‘key’ sectors that are more important for the rest of the other sectors than the
other sectors are for them. The second set of measures was used to explore the main influence
paths between the manufacture of pharmaceuticals and the digital sector, and to identify the
degree of separation between sectors in term of how many steps it takes for an expansion in
the demand of one sector’s output to result in an expansion of another sector’s output.

The results show that, with the exception of those included in the distribution aggregate, most
of the sectors of interest for this research have weak economic connectedness with the rest of
the economy, and hence it is not the case that an expansion of the sector’s output is more
beneficial compared to other sectors’ in terms of economic activity and support generated for
the reset of economy. The main transmission mechanism of direct and global influence be-
tween the sectors of interest happens primarily along the path spanning between the manufac-
ture of pharmaceutical (SIC 21) and the wholesale sector (SIC 46), followed by the paths be-
tween SIC 21 and the sectors included in the Information and communication aggregate (in-
cluding SIC 58, 61, 62, 63). The total influence along paths of length 2 occurs mainly in the
direction of expenditure from the manufacture of pharmaceuticals toward the information and
communication aggregate (except information service activities - SIC 63) through sectors
such as insurance, reinsurance and pension funding services (SIC 65.1-3), rail transport ser-
vices (SIC 49.1-2), and to a lesser extent other professional, scientific and technical services
(SIC 74).

To the authors’ knowledge the proposed approach is one of the few attempts to investigate
the increasingly relevant relationships between the digital economy and the manufacture of
pharmaceuticals from an inter-industry perspective as opposed to stand-alone sector metrics.
However, it also has several limitations. In particular, the analysis presented in this paper re-
lies on “point’-type data for a reference year only, and for a single national economy. Con-
nections with other national economies through imports and exports have been considered as
lump sums included in the value added and final demand for each sector, respectively. Other
limitations are due to the data since symmetric, product-by-product 10T for the UK national
economy are prepared at 5-year interval. Further research should investigate data from a time
series perspective to capture how the relationship between the digital and pharmaceutical sec-
tor has evolved over time, and expand the analysis form a single country to a group of coun-
tries using bilateral trade data. The first task can be achieved by using symmetric industry-by-
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industry IOT for the UK economy which are produced at a more regular basis, although these
may not be comparable with other EU tables. The former task can be achieved by means of
additional resources such as Multi-Regional Input-Output Database.

Despite its limitations, the research presented in this paper contributes to the recent debate on
the digitisation of the pharmaceutical sector by providing guidance on the use of well-
established techniques such as IOA and publicly available macroeconomic data to provide a
system-level perspective on the magnitude and nature of downstream and upstream economic
connectedness of these sectors economy-wide which would be not possible to infer from sec-
tor specific metrics considered in isolation.
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Abstract

This exploratory research outlines an innovative business model for the ornamental stones, in
Portugal, targeting World Class Manufacturing. Research questions arise from an inductive
approach empirically based on a participant-observer that participated in JETSTONE and
INOVSTONE, two important Mobilising Projects for the cluster. A collaborative network
pursuing a Service Systems view, leveraged by digital technologies was proposed based on a
3-stage development facilitated by the ARCON framework (ECOLEAD project), as follows:
development of a general VBE/VO model completed by knowledge coming from BIM,
Industry 4.0, 10T and Service Science backgrounds, in order to build up a specific model to the
ornamental stones Industry. Finally, the specific model should be verified by case studies as
demonstrating instances. While the generic VBE/VO might be customized to other domains,
the specific model generates a representation of the Industry and the case studies serve as
instances to verify it.

Keywords: Value Networks, Collaborative Networks; Virtual Organizations, Virtual Breeding Environments;
Industry 4.0, Internet of Things (1oT); Building Information Modelling (BIM); Service-Dominant (S-D) Logic,
Service Science.

1. Introduction

This article reports an inductive study with an exploratory purpose that is based on the extensive
empirical knowledge of one of the authors. In fact, he has been part of the change process of
the industrial cluster that has re-invented the ornamental stones sector, acting as a key
participant-observer. This investigation aims at discussing the adequateness of a set of research
questions that should establish relevant guidelines to orientate the development and
confirmation of a conceptual business model addressing sustainable operations within the
ornamental stones cluster. This should be able to leverage the competitive advantage both in
Portugal and in the international arena according to the demographic characteristics of the
sector and of its business agents.

This innovative organizational model is expected to follow a collaborative networked approach,
to be sustainable, to consider the Service Science view and to incorporate the state-of-the-art of
the digital technologies, as regards concepts such as the Building Information Modelling (B1M),
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the Industry 4.0 and the Internet of Things. Therefore, it should be developed and presented a
preliminary outline of the features for an updated Information and Communication Technology
(ICT) interface to support the network business processes that enable each organization to
magnify its core competencies, resources and skills with complementary ones from the virtual
community. Moreover, the ICT should be coordinated on the three levels of the Value System
interaction - intra-/inter-partner and integration, in order to reduce the complexity of the design
and implementation (Fuchs, 1997) of a system to realise and capture the value of a business
opportunity (Katzy and Obozinski, 1998).

This is a significant topic since that the Global Construction 2025 Report (in HM Government,
2013) estimates a 70% growth for the construction sector, until 2025, at a global level. In the
launching year of the BIM, i.e. 2013, the UK saved £840 M because of its use in two public
projects (UK Government, 2013). Moreover, the United Kingdom is a major player, holding a
top ten global market position and being part of a World Class Construction industry (Global
Built Asset Performance Index, 2014).

Motivated by these results, the UK Government started a strategy towards the implementation
of BIM in the Architecture, Engineering and Construction (AEC) industry, the Digital Built
Britain (DBB). It aimed at increasing the annual profit in £10 Bn/year, in the domestic
marketplace, by reducing waste and increasing competitiveness through the general use of BIM
after 2016. These performance indicators anticipate the size of the potential savings in the
international market, in the industry where the ornamental stones belong, as well as of the
importance of this economic sector.

Therefore, the section 2 of this paper shows the economic importance of the ornamental stones,
in Portugal, that goes far beyond €1000 M/year, acting as a cornerstone of the regional
development by supporting a traditional cluster of the national industry. In addition, the leading
purpose of the of the natural stone industry supported by a strong technological interface is
disclosed. The aim is to assure the survival by pursuing a recognized world class excellence.
Finally, the two earlier successful mobilizing projects were revisited, i.e. JETSTONE and
INOVSTONE, as the context to frame the forthcoming organizational and technological steps.
These developments should fit the industry nature, related to small dispersed SME, but
simultaneously part of a hostile international environment of strong competition. Then, using a
collaborative network for organizational modelling appears as an attractive path to proactive
creation of value. From this point onwards research questions are set. Their interest and
mechanics will be discussed in a subsequent section by considering the knowledge areas
proposed as significant through empirical induction by the participant-observer taking into
consideration not only his accumulated experience but also the progress of the competitive
context.

However, before the discussion of the Research Questions taking place, the research
methodology, i.e. the expected path to link the RQ to the expected outcomes is addressed
(section 3). Several leading authors in collaborative networks were considered to inspire and
support the choice of a reference model to operationalize the value system of the ornamental
stones cluster. This model is part of the ARCON framework which includes both the
endogenous and exogenous elements of a collaborative organization operationalized in a



network. It also enables three levels of representation, as follows: general, specific to the
ornamental stones cluster and case study instances.

Section 4 promotes the discussion of the empirical assumptions that were preliminarily
considered by the participant-observer, by performing a literature review based on scientific
journals. Not only the contents of the choices was checked, but also their relationships in the
definition and operationalization of the key dimensions of a new model that should be adequate
to the business, organization and current operations demands in the ornamental stones industry.
Firstly, the role of the collaborative networks and virtual organisations is found as a relevant
alternative, after the strategic context being set. Secondly, the impact of the new trends of the
technological infrastructure in the collaborative model proposed for the ornamental stones is
discussed. The potential contribution of the digital technologies to the sustainability of the
collaborative model is approached under a Triple Bottom Line view. Finally, the strategic
requirements of a Service-Dominant Logic are analysed in their proposal, value network
relationships and progress needs. A significant gap was found out and a solution was proposed
based on the Service Science domain.

Section 5 provides a summary of the core aspects of the article and revisits the research
questions. It also explicits the expected innovative contributions to theory, research and
practice.

2. Competitive environment of ornamental stones

Importance of the ornamental stones cluster in Portugal

Portugal does produce a broad range of ornamental stones, playing a major role in the
exportation of these materials as the 8" world producer (ASSIMAGRA, 2014). The industrial
cluster includes 17.000 of direct jobs, in 2.700 companies, acting on several activities, such as
extraction, manufacturing, advanced machinery and tooling. The cluster turnover is around €1
Bn/year and the coverage rate of total imports by exports is 768%.

These data are completed by EUROSTAT and Direcao Geral de Geologia e Energia (DGGE),
as follows. In the early 2000s, exportations of ornamental stones were about €207 M€/year in
2004, i.e. 50% of the cluster activity. Moreover, these figures also represented more than 50%
of the Portuguese exportations of mineral substances, in 2004. Marble and Limestone were the
most exported (=63%), followed by Granite and similar stones (=19%), Stone to Sidewalk
(=15%) and Slate (=3%) (Schists).

The excellence of raw material, the robustness of the industry cluster despite being a traditional
sector, the flexibility and adaptability to new market demands are the critical success factors
that support the ranking of Portugal amongst the tem major world players. This is a significant
economic activity for the national economy and also for rural development that is among the
top industry sectors as regards Gross Added Value (GAV).

Main purpose of the natural stones cluster in Portugal

The natural stones cluster aims at continuing to increase exports in a sustainable way. The main
cluster drivers were identified, as follows:

e To continue to develop a leading industry, as regards both technology and organization,
under a World Class Manufacturing paradigm;



e To leverage the competitive advantage with state-of-the-art technology, developed in
Portugal, aiming at its transference/trading to other significant world players;

e To improve the «supply chain» operations performance by broadening variety;
developing customization; reducing time-to-market; decreasing cost; improving quality
and business sustainability becoming more environmental friendly;

e To create the appropriate conditions to reinforce the credibility of Portuguese players in
the international arena, e.g. as regards the satisfaction of both higher volumes and higher
variety levels;

e To improve the image of the natural stone products of Portugal and so, adding value to
the industry;

e To develop a more demanding collective behaviour in the cluster, as regards
environmental friendly operations.

The industry has been recognizing the co-creation of value both internal and externally to the
«supply chain» as the path to increase competitiveness and so, the long term sustainability of
its operations towards survival assurance. However, the pursued sustainability is a broad
approach that also concerns the well-being of the stakeholders, the concern with the depletion
of non-renewable and renewable resources, the removal, treatment and disposal of waste, the
survival of the members of the industry and the economic problems of target market
communities. This view is aligned with the principles of sustainable development proposed by
Elkington (1997), Hawken et al. (1999), Porritt (2001) and, Dyllick & Hockerts (2002).

Anticipated future of the ornamental stones in Portugal and research questions

The ornamental stones cluster has suffered the positive impact of a few Development
Mobilising Projects targeting the development and application of a new generation of
technologies, concepts and practices, as follows: (i) adding flexibility to manufacturing and
promoting agility of customized projects; (ii) reducing the raw material waste; (iii) improve
energy efficiency; (iv) upstream integration in the supply chain; (v) increasing productivity;
(vi) promoting new product development; (vii) improving the working conditions; (viii)
improving product and service quality; and, (ix) being more environment friendly.

The JETSTONE Mobilising Project operationalized the first stage of this path, by setting up a
consortium of 10 companies and organisations from the National Scientific and Technological
System (SCTN). 15 innovative prototypes of advanced machining centres used by tenths of
firms were the main visible outcome, in 2008. The INOVSTONE Mobilising Project (2013)
resulted from a consortium of 16 organisations and generated more 8 prototypes, their
integration in modern layouts and addressed new production concepts. These projects
contributed to the creation of 2.000 jobs and a positive input of €180 to 240 M for the Portugal's
trade balance. Thus, the wealth created by these projects, in a 5 years’ period, was 34 times
bigger than the investment. The lesson to be learnt from practice is that these projects created a
leverage effect across the cluster that would be impossible to achieve from non-coordinated
action of individual companies.

Lately, different concepts about creating value from «Collaborative Networks (CN)»
(Camarinha-Matos & Afsarmanesh, 2007) have been proposed. However, they require a
research effort towards their operationalization. In fact, several projects concerning
«Collaborative Networks (CN)», «Virtual Breeding Environment (VBE)» e «Virtual
Organizations / Virtual Enterprises (VO)» have been financed, since the European Union's
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fourth research and technological development (RTD) framework programme (1994-98). One
of these was the ECOLEAD project developed under the FP6.

Several researchers have argued that the firms’ competitiveness will progress across new
management models concerning the integration of their operations in value networks (Lusch et
al., 2009) aiming at collecting synergies from these collaborative trends. These models include
ICT interfaces (e.g. Fuchs, 1997 and Katzy, 1999) that have to be updated with the outcome
from digital technologies, either in general, or coming from a AEC background, such as the
Building Information Modelling (Kim et al., 2015) or the CAD 3D (Bjork & Laakso, 2010). In
this way, the advanced manufacturing technologies coming from the JETSTONE and
INOVSTONE projects are a critical requirement to assure the internal integration of the
partners, a cornerstone for the inter-partner coordination and control required for the external
integration in a value network.

Despite organisational and technological development follow the direction pursued by the
classical collaborative models of Bernhard Katzy and Luis Camarinha Matos (e.g. Silva &
Almeida, 2016), there is new knowledge to be considered and integrated. Thus, a new reference
model (vide Romero & Molina, 2010) for the ornamental stones should be developed. The
Digital Economy and the Internet of Things are examples of new concepts and technologies
that further power models such as the Industry 4.0. On the other hand, some authors have been
arguing for a change from a product-dominant to a service-dominant logic (Edvardsson &
Tronvoll, 2013), where stakeholders are considered as resources of the value chain.

This is the background, both from practice and theory that accommodates the following
preliminary research questions derived in an inductive way

e RQ1-How may a collaborative typology fit the requirements of the ornamental stones
cluster made up of familiar SME?

e RQ2 - What is the specification that a collaborative network for the ornamental stones
cluster should meet, in order to be built an effective framework, as regards:

i.  Common organizational structuring;
ii.  New business models;
iii.  Shared ICT infrastructure;
iv.  Manufacturing technologies.

e RQ3 - Why should both individual organisations and also the cluster of the ornamental
stones pursue the implementation of a collaborative environment?

e RQ4 - Which methodological path is adequate to the design, development,
implementation and operation of a collaborative environment in the ornamental stones
cluster, in Portugal?

3. Outline of the methodological path to be pursued

The ECOLEAD Reference Model (e.g. Romero et al., 2008; Romero & Molina, 2010), comes
from the ARCON framework, which covers both endogenous and exogenous elements of a
collaborative organization arranged in a network (e.g. Silva & Almeida, 2016). This model
appears to be a good starting point for the operationalization of the Value System Lifecycle
(VSL) of Fuchs (1997) and Katzy (1999). The VSL is a framework to support the design of
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Virtual Organisations by covering all the stages of their lifecycle based on a collaborative
network of competences that are made available by the partners. This is what would later be
called a source network or a breeding environment (Silva & Almeida, 2016). On the other hand,
this model should be completed by knowledge coming from such domains as BIM, Industry
4.0 and S-D logic.

This is how the future developments of the ornamental stones is anticipated, within the context
of the 4" Industrial Revolution. The current knowledge of the computer science is applied to
the development of a value system based on a collaborative network that emulates and focus
on relationships, interfaces and partnerships. These three dimensions are the core part of (i) the
collaborative processes that overcome the focus on the physical resources; (ii) the co-created
service value that overcome the (physical) product specifications; (iii) the implementation of a
Virtual Organization Breeding Environment.

Within this context, the instantiation methodology looks adequate as a good fit (Romero et al.,
2008), enabling the following four main steps:

i.  To critically appreciate the usefulness of the Reference Model from ECOLEAD, to
consolidate it and to develop it into a general model leveraged by the current ICT
potential, leveraged by the S-D logic;

ii.  To further develop the general into a specific model adequate to the ornamental stones
cluster;

iii.  To empirically test the resulting specific model in a case study from the ornamental
stones, implementing it or detailing recommendations for its implementation;

iv.  Toanalyse the external validity of the general model specification through an analytical
approach.

4. Discussion of the proposal obtained through an inductive approach

Strategic positioning of the ornamental stones industry

Procurement is a relevant function, specially when a focus-company is outsourcing operations.
However, the e-procurement is still residual in the ornamental stones (Silva, 2013) because the
required information is neither structured, nor in a digital format in the AEC sector (Grilo &
Jardim-Goncalves, 2012). Moreover, the use of BIM at a global level (Liu et al., 2015) that is
being imposed by governments such as the UK one (HM Government, 2013), places new
challenges to the AEC stakeholders, as regards procurement (Grilo & Jardim-Goncalves, 2012).
The consequences of these demands are still unpredictable (Merschbrock & Munkvold, 2015).
Nevertheless, the Digital Built Britain (DBB) strategy aims at making the UK a world leader in
BIM, with expected outcomes of £10 Bn/year profit, coming from more competitiveness and
bigger exports.

The virtual building design in BIM is obtained by adding up elements in digital format IFC
(Won et al., 2013). Objects are specified in an open format of eight dimensions (ISO
16739:2013), from where the BIM modeler, now the customer, might appreciate materials
diversity, geometric adaptability, originality, price, lead time, ecological footprint, maintenance
cost during the whole lifecycle, safety (Jung & Joo, 2011), i.e. their fingerprint.



The next step is the project approval by the adequate authorities and, then, parts will be allocated
to suppliers according to the planning outcome of BIM. The construction stage will, then, start
(Hamil et al., 2014). Despite the building owner might buy the parts freely, the elements’
fingerprint has to strictly follow the project approval requirements (Eadie, Browne, Odeyinka,
McKeown, & McNiff, 2013). Thus, choices during design might very well constrain vendor’s
selection, unless a new formal approval is obtained (Malsane, Matthews, Lockley, Love, &
Greenwood, 2014). In this way, the BIM modeller, typically an architect, will assume the role
of decision making customer. Moreover, it is mandatory that the building is constructed
according to the plans, in order to be obtained the expected result.

As the very first consequence of this new procurement model, the supply chain stakeholders
must make public all the commercial and technical information concerning their products in
open format IFC (Hamil et al., 2015). Being the prices public, the chosen option should have a
more effective value structure, where reducing waste through continuous improvement will
perform a relevant role (Yang et al., 2011) in competitiveness.

In the specific case of ornamental stones there will be an additional determinant for the BIM
modellers to prescribe this type of solution. If the objects in the libraries do exhibit a rigid
spacial geometry the IFC objects will not adapt to building irregular shapes and, so, material
differentiation that characterizes Portuguese ornamental stones will be lost. Therefore, the stone
objects have to be dynamic at the moment when they are inserted in the BIM platform (Heidari
et al., 2013), in order to be adaptable to the building, during the design stage (Soediono, 2003).
This challenge is even bigger, because these elements are manufactured from natural raw
materials, where every block is unique (Galetakis & Soultana, 2016). Thus, there is a conflict
because a major advantage of BIM usage concerns the standardization of the virtual objects to
be part of the building, in order to bring in more visibility to the business and to the procurement
process itself (UK Government, 2011). On the other hand, making available ornamental stones’
objects adaptable to the building and to the BIM modeller/prescriber requirements might
become a competitive advantage, if information interoperability is assured.

Beyond taxes becoming easier to update in real time, other expected advantages of BIM are, as
follows: 33% reduction in the costs of construction and maintenance during the whole lifecycle;
50% reduction in construction time for both new buildings and refurbishing; 50% reduction in
total CO2 emissions in the construction industry (HM Government, 2013). The assumption of
these objectives will put pressure on all the stakeholders of the AEC supply chain. As regards
the ornamental stones, these targets together with the adaptability requirements of the virtual
object do impact the way operations are currently organized in the supply chain and also, the
existing organisational model. If no action is taken, the survival of the ornamental stones
industry is seriously threatened. Therefore, an operations model that assures the sustainability
of companies within a BIM context has to be addressed. In fact, several researchers have tried
to address the advantages of collaboration in sustainable competitiveness, when facing more
hostile environments, with more complex products, more dynamic ones with more changing
requirements and also, more demanding contexts, as regards quality and accountability (Feller
et al., 2013). Therefore, the collaborative network model appears to fit well within these
dimensions of the competitive context of the ornamental stones.



Expected role of collaborative networks and virtual organisations

According to Kropotkin (1903) cooperation and mutual aid are determinants of the evolution
and survival of the species. The collaborative work in organisations helps to overcome
individual limitations, specially in SME where skills and resources are very limited
(Camarinha-Matos & Afsarmanesh, 2007).

The ornamental stones cluster both in Portugal and in the World is mainly made up of familiar
SME (UK Government, 2011). Therefore, the lack of both economies of scale and scope might
be a serious drawback of sustainability within a BIM context. For this reason, an operations
model promoting inter-organisational collaboration is definitely a solution to be seriously taken
into account. In fact, the BIM modeller will share information concerning the progress of the
virtual building with other professionals, which might result into shared innovation leading to
value creation (Edvardsson & Tronvoll, 2013).

Several types of collaborative organisations have been introduced such as Industrial Clusters,
Industrial Districts, Business Ecosystems (Akaka et al., 2015). Usually, they put together
organisations sharing common interests within a certain region that build up a coordinated
response to business opportunities that would not be individually affordable (Romero et
al., 2008). In addition, the quick progress of the ICT put together with globalization, but
including requirements for increased customization has led to the conceptualization of
new types of long term strategic alliances such as the Virtual Breeding Environments
(VBE) (Afsarmanesh et al., 2009).

A VBE is a long term consortium of organisations (Camarinha-Matos & Afsarmanesh,
2007), committed to adopt common operations principles and to share infrastructures pursuing
the goal of being prepared to work together in a collaborative network at any moment
(Afsarmanesh et al., 2009), generating Virtual Organisations (VO) that might be able to
operationalise value co-creation. Therefore, a VO is a model of collaborative operations in the
short term, designed within a VBE to respond to an emergent business opportunity by
integrating knowledge, skills and other resources (Romero, 2009).

The VBE concept applied to the ornamental stones appears to be an effective way to
overcome some weaknesses of the sector. VO might overcome the consequences derived
from the small size of the cluster firms, e.g. the lack of knowledge and skills of individual
organisations, the diversity of raw materials, the high customization requirements, the
shorter lead times being asked, the high costs of promotion and market entry, and the high
structure costs. However, developing a shared ICT infrastructure by all the VBE members
is a sine qua non condition (Afsarmanesh et al., 2009).

In the last 15 years, the ornamental stones industry has incorporated both ICT and advanced
manufacturing technologies, as previously mentioned (JETSTONE and INOVSTONE
Mobilising Projects). Thus, these companies make use of the state-of-the-art production
technologies in their internal operations. However, to work within a VBE/VO paradigm there
is a need to develop inter-organisational systems that respect common interoperability
protocols. So, the development of the requirements for this interface is a relevant part of the
technological ICT infrastructure to be implemented.



Trends of the technological infrastructure and impact on the collaborative model

Many researchers consider that the 4th Industrial Revolution already started. Some call it
Industry 4.0 (Kagermann et al., 2013), where real and virtual worlds meet in the Cyber-Physical
Systems (CPS) (Fair et al., 2012). Industry 4.0 was coined by the German Government in 2011
(Produktionsprozess & Prozesskontrolle, 2014) to describe a leadership strategy from the
German Industry (Mosterman & Zander, 2015). The idea was to use digital technologies to
facilitate the interaction between machines and products (Fair et al., 2012) to reverse the
industrial decline in Europe (Kagermann et al., 2013). Moreover, the potential to improve
collaborative innovation (incremental and radical) within the AEC supply chain might be
magnified by digital technologies (Eppler, 2008). Therefore, a 20% increase in value creation
until 2020 is expected (Davies, 2015).

Within the ornamental stones Industry, it is expected that machines’ communication might be
promoted inside CPS, without being dependent on the geography of each one (lvanov et al.,
2016). Therefore, machines, devices, sensors, and people should be able to connect and
communicate with each other via the Internet of Things (1oT) or the Internet of People (loP).
This is the expected meaning of interoperability (Karan & Irizarry, 2015), when applied to the
AEC sector. Moreover, there is a strong synergy between these requirements and the
technological infrastructure for a VBE (Afsarmanesh et al., 2009), in such a way that this
platform might arise almost naturally, if production follows an Industry 4.0 approach (lvanov
etal., 2016).

Trends of the technological infrastructure and impact on sustainability

Industry development, despite important in economic terms, has originated growing problems,
such as depletion of natural resources, negative impacts of waste and social damage. Industry
uses 37% of the total amount of energy consumed in the world (EEA, 2010; IEA, 2013), which
stresses the need to avoid waste during the total product lifecycle. There is an opportunity to
increase energy efficiency and to improve the effectiveness of monitoring and management of
energy (Wong & Zhou, 2015).

The ornamental stones cluster is very sensitive to the problem having promoted studies to
refurbish machinery in order to reduce the consumptions of water and energy, at the same time
that the production performance ratios are increasing. Reducing dust, waste and noise have also
been recurrent concerns (Silva, 2014).

Industry 4.0 enables an opportunity for more sustainable value creation (Mosterman & Zander,
2015) since the resource allocation, i.e. raw materials, energy and water might be more efficient
(Kagermann et al., 2013), contributing to the three dimensions of sustainability, i.e. economic,
social and environmental (Veludo, 2015).

On the other hand, the real time approach to phenomenon of the Internet of Things (loT)
(Albert, 2015) facilitates object (inter)communication, i.e. information exchange about
location, functionalities and problems enabling a strong connection with the virtual world by
powerful sensing of the real world (Motamedi et al., 2016). The ability to monitor and control
in real time the production of ornamental stones is essential to generate a positive impact on the
environment. In this way, one may speak about closing the planning loop previously opened



with the definition of the ecological footprint of the BIM objects with this ability to control the
events in real time in the construction elements and, also, within the building itself (Wong &
Zhou, 2015).

Moreover, as an “intelligent connection of people, processes, data and things” (Hoske, 2015),
the 10T can improve the sustainability performance of the companies, since it magnifies the
potential of the analysis in real time of several business processes and enables the visualization
of resource inefficiencies (Benkhelifa et al., 2014). On top of that the growing availability of
data through the loT will bring a massive amount of information about the contexts where
sensors are. Thus, by combining big data analysis, companies may identify with more accuracy
environmental risks and even avoid resources to be fully depleted (Bojanova et al., 2015).

Evolution of purpose and relationships in value networks: a Service-Dominant Logic

The Service-Dominant Logic (Lusch et al., 2009) has developed by focusing its analysis on
partnerships, relationships and value created, in alternative to production and product
transactions. All the economic activity is understood as a service, and this, as a resource or
competence of the value chain that exist and is available to benefit another entity (Lusch et al.,
2009). So, services are the fundamental processes of the economic activity. As regards demand
and supply of services stakeholders are understood as resources from the value chain of which
the customer is part as a co-creator, always not fully satisfied (Payne et al., 2007; Lusch et al.,
2009).

In the context of this assignment the targeted collaborative operations model is aiming at
diversity, originality, differentiation, competitive price, short lead time, sustainability, safety
and low maintenance costs, features that appear to be compatible with the value approach
promoted by the S-D logic (Lusch et al., 2009). Moreover, the Service-Dominant logic is in
line with BIM, as regards considering the customer as a co-creator, which is the architect role
(Yalcinkaya & Singh, 2015). However, Ivanov et al. (2016) state that in smart factories it is not
enough that IT just give support to services to distribute information within the value network
as Lusch et al. (2009) put it. In fact, products should communicate with the machines inside the
CPS, during the production process, independently of the plant location (Lasi et al., 2014;
Davies, 2015). Therefore, the S-D logic fits a VBE because Innovation and Production
supported by CPS might be seen as a service, since the architect (BIM modeller) might co-
create innovation (Edvardsson & Tronvoll, 2013) and, then, send the final fingerprint to the
plants’ CPS exactly in the same way one sends a file to a 3D printer. On the other hand, the S-
D logic does not consider communication processes between machines and customers, which
is a drawback that limits the concept of Industry 4.0.

Considering the customer as part of the value chain within the VBE might be an advantage to
the application of the VBE model (Romero & Molina 2010) to the ornamental stones cluster.
In fact, the customer plays a significant role as value co-creator within the supply chain (Eppler,
2008) by performing the modeller job in BIM. Moreover, this solution might even be stronger
by considering the lean thinking (Fullerton et al., 2014) and digital processes coming from the
4th Industrial Revolution (Mosterman & Zander, 2015). In summary, these concepts and
theories are common to the AEC stakeholders and, therefore, they are identified as critical
determinants of the mandatory objectives for BIM projects (HM Government, 2015).
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Conceptual outline of the organisational model under development

In digital production there is a need for a perfect communication in real time between machines
and customers, where lacking a bit might stop a full production line. Thus, some authors that
have started from the S-D logic suggested a computer science approach, creating the service
system concept, as configurations of co-creation of value by sharing information and, internal
and external linkages of people, technology and organisations (e.g. Maglio & Spohrer, 2008;
Edvardsson & Tronvoll, 2013). In the extreme, the global economy is the biggest service
system, including cities, countries, governments and economic agents, such as companies and
consumers (Maglio et al., 2009). The Service Science is the study of the service systems that
are simultaneously supplier and customer of the same chain of services and, also, of co-creation
of both value and innovation (Maglio & Spohrer, 2008). In Service Science, resource typologies
of the value chain are identified according to their nature, i.e. resources with rights (people and
organisations), resources with property (technologies and shared information) and, social
resources (organisations and shared information) (Maglio & Spohrer 2008). These four
categories are simultaneously centred on value creation by the S-D logic, where the customer
is a co-creating resource in the supply chain and, in line with the principle of utilization of the
BIM collaborative platforms (Yalcinkaya & Singh, 2015).

As regards the VBE model applied to the ornamental stones, advantages might arise from the
service logic, i.e. from the interaction of the customer (BIM modeller) with the suppliers of
objects within the AEC supply chain, which also is a source for collaborative innovation, both
incremental and radical. By taking the Service Science view, the existing separation between
products and services in the VBE models (e.g. Romero & Molina, 2010) might have to be
reformulated under the grounds of the 4" Industrial Revolution (Constantinescu et al., 2014).
Moreover, the customer might have to be considered as an internal resource able to co-create
value and innovation within the VBE. In addition to the Service Science, the conceptual VBE
model for the ornamental stones should be part of the current paradigm and include emerging
ideas such as the Internet of Things and the Industry 4.0. This is a strong modern despite
arguable view to converge over the mandatory objectives set to drive the BIM approach (HM
Government, 2013).

In summary, it is proposed that the suppliers of products in stone (plants) might be considered
as an interactive resource of the customer (BIM modeller). Thus, he or she will co-create
innovation when integrating the value chain. This innovation will be sent as a final fingerprint,
in IFC format, to the plants CPS. Thus, the BIM modeller and the supplier interact to optimize
the final product. This simplifies the ICT typology essential to a VBE (Afsarmanesh et al.,
2009).

5. Conclusions

This research made an attempt to outline the main guidelines for an innovative business model
adequate to the ornamental stones Industry that targets excellence in the global market. The
exploratory research questions were established inductively, based on the cluster observation
put in the competitive context. They anticipated the Industry purpose and so, a proposal for a
collaborative network model with two critical dimensions, i.e. the organizational and the ICT
infrastructure. The ex-post discussion helped to theoretically assess the interest and
adequateness of the proposal and to characterize the guideline requirements of this model by
following the Service Science logic leveraged by state-of-the-art digital technologies such as
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BIM, Internet-of-Things and Industry 4.0. This was the chosen path to operationalize a value
system based on a collaborative network attempting to match the requirements for the cluster
strategic positioning.

Revisiting the research questions

As regards collaborative typologies (RQ1), the VBE/VO operations model appears to fit well
within the “mandatory” dimensions of the competitive context of the ornamental stones, by
assuring the sustainability of Portuguese familiar SME within the environment of the AEC
sector. In fact, the co-creative collaborative interaction between the BIM modeller (customer)
and the resources (suppliers) was understood as a cornerstone in value creation centered on a
service dominant logic.

As concerns the specification outline of a collaborative network (RQZ2) inter-organisational
systems that respect common interoperability protocols should be outlined for the AEC sector
by considering a strong synergy between organisational requirements and the technological
infrastructure for a VBE. Digital technologies, such as Industry 4.0 and Internet of Things
should support the creation of Cyber-Physical Systems where real and virtual worlds meet to
operationalize a competitive and sustainable Service System.

These concepts and theories, which are already available to the AEC stakeholders, are identified
as critical determinants of the mandatory objectives for BIM projects as follows: reduction in
the costs of construction, in the costs of maintenance, in the construction time and in the total
CO2 emissions, in the construction industry. The Portuguese ornamental stones cluster aims at
developing a leading industry, under a World Class Manufacturing paradigm (RQ3).

As regards the methodological options (RQ4), the ECOLEAD Reference Model was chosen to
represent a collaborative network. The approach should start by a general VBE/VO model
completed by knowledge coming from BIM, Industry 4.0 and Service Science backgrounds, in
order to build up a specific model to the ornamental stones Industry. Finally, the specific model
should be verified by a case study as a demonstrating instance.

Expected innovative contributions

This research assignment should contribute to an innovative approach to the (re)organization
of an important sector to the country — the ornamental stones Industry. This approach is closely
related to the development of organizational environments to incubate and source virtual
organisations. The scope of the investigation concerns both the organizational and the digital
(ex-ICT) dimensions of the model. The following contributions are expected:

1. Totheory, as regards the development of the stage | of the reference model, which focus
on the broad business needs; this model is enough general to be customized to other
domains, if its usability and applicability requirements are fulfilled,;

2. To research in the Operations Management domain, as concerns the positioning of

operations as the thrust of value co-creation and as supporting the achievement of
competitive advantage (stage IV of Hayes & Wheelwright); the stage Il of the reference
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model is expected to generate a model specific to operations in the domain of
ornamental stones, in Portugal;

3. To practice, because the research should drive the modernization of the ornamental
stones Industry, assuring its survival even in global hostile competitive environments;
the development of organizational models enabling economies of scale and scope
should be facilitated and verified through case studies (stage 111 of the reference model).

References

Afsarmanesh, H., Camarinha-Matos, L.M. & Msanjila, S.S., 2009. On management of 2nd
generation Virtual Organizations Breeding Environments. Annual Reviews in Control,
33(2), pp.209-2109.

Akaka, M.A., Vargo, S.L. & Schau, H.J., 2015. The context of experience. Journal of Service
Management, 26(2), pp.206-223.

Albert, M., 2015. Seven Things to Know about the Internet of Things and Industry 4.0. Modern
Machine Shop, 88(4), pp.74-81.

ASSIMAGRA - Associagdo Portuguesa dos Industriais de Marmores, Granitos e Ramos Afins, 2014.
Accessed May 15, 2016, from http://assimagra.pt/.

Bjork, B.-C. & Laakso, M., 2010. CAD standardisation in the construction industry — A
process view. Automation in Construction, 19(4), pp.398-406.

Camarinha-Matos, L.M. & Afsarmanesh, H., 2007. A framework for virtual organization
creation in a breeding environment. Annual Reviews in Control, 31(1), pp.119-135.

Constantinescu, C. L., Francalanza, E., Matarazzo, D., & Balkan, O., 2014. Information support
and interactive planning in the digital factory: Approach and industry-driven evaluation.
Procedia CIRP, 25(C), pp.269-275.

Davies, R., 2015. Industry 4.0. Digitalisation for productivity and growth. European Union,
(September).

Edvardsson, B. & Tronvoll, B., 2013. A new conceptualization of service innovation grounded
in S- D logic and service systems. International Journal of Quality and Service Sciences,
5(1), pp.19-31.

Eppler, M.J., 2008. Process Learning in Alliances Developing Radical versus Incremental
Innovations: Evidence from the Telecommunications Industry. Knowledge and Process
Management, 15(1), pp.59-71.

Fair, H., Russwurm, S. & Sector, S.1., 2012. Industry prepares for the next industrial revolution.
Control Engineering, pp.10-11.

Feller, J., Parhankangas, A., Smeds, R., & Jaatinen, M., 2013. How companies learn to
collaborate: Emergence of improved inter-organizational processes in R&D alliances.
Organization Studies, 34(3), pp.313-343.

Fullerton, R.R., Kennedy, F. A. & Widener, S.K., 2014. Lean manufacturing and firm
performance: The incremental contribution of lean management accounting practices.
Journal of Operations Management, 32(7-8), pp.414-428.

Galetakis, M. & Soultana, A., 2016. A review on the utilisation of quarry and ornamental stone
industry fine by-products in the construction sector. Construction and Building Materials,
102, pp.769-781.

13


http://assimagra.pt/

Grilo, A. & Jardim-Goncalves, R., 2012. Cloud-Marketplaces: Distributed e-procurement for
the AEC sector. Advanced Engineering Informatics, 27(2), pp.160-172,

Hamil, S. et al., 2014. NBS National BIM Report 2014. RIBA Enterprises, member of the BIM
Technologies Alliance supporting the UK Government Construction Strategy BIM
Working Group, p.36.

Hamil, S. et al., 2015. NBS National BIM Report 2015. RIBA Enterprises, member of the BIM
Technologies Alliance supporting the UK Government Construction Strategy BIM
Working Group, p.40.

Heidari, M., Allameh, E., de Vries, B., Timmermans, H., Jessurun, J., & Mozaffar, F. 2013.
Smart-BIM virtual prototype implementation. Automation in Construction, 39, pp.134—
144,

HM Government, 2013. Construction 2025. Industrial Strategy: Government and industry in
partnership. UK Government, (July), p.78.

HM Government, 2015. Built Britain Level 3 Building Information Modelling - Strategic Plan.
UK Government, (February), pp.1-47.

Hoske, M.T., 2015. Industrial internet of things, industry 4.0. Control Engineering, 62(6),
pp.26-35.

Ivanov, D., Dolgui, A., Sokolov, B., Werner, F., & lvanova, M., 2016. A dynamic model and
an algorithm for short-term supply chain scheduling in the smart factory industry 4.0.
International Journal of Production Research, 54(2), pp.386-402.

Jung, Y. & Joo, M., 2011. Building information modelling (BIM) framework for practical
implementation. Automation in Construction, 20(2), pp.126—-133.

Kagermann, H., Wahlster, W. & Helbig, J., 2013. Recommendations for implementing the
strategic initiative INDUSTRIE 4.0. acatech — National Academy of Science and
Engineering Editorial staff Ariane Hellinger, M.A. Veronika Stumpf, M.A. With the
assistance of: Christian Kobsda, B.A. a, (April), p.82.

Karan, E.P. & Irizarry, J., 2015. Extending BIM interoperability to preconstruction operations
using geospatial analyses and semantic web services. Automation in Construction, 53,
pp.1-12.

Kim, J. I., Kim, J., Fischer, M., & Orr, R., 2015. BIM-based decision-support method for master
planning of sustainable large-scale developments. Automation in Construction, 58, pp.95—
108.

Kropotkin, P., 1903. Mutual Aid, a Factor of Evolution. Nature, 67(1731), pp.196-197.

Lasi, H., Privatdozent, P., Kemper, H., Feld, T., & Hoffmann,M., 2014. Industry 4.0. Business
and Information Systems Engineering, 6(4), pp.239-242.

Liu, Z., Osmani, M., Demian, P., & Baldwin, A., 2015. A BIM-aided construction waste
minimisation framework. Automation in Construction, 59(2015), pp.1-23.

Lusch, R.F., Vargo, S.L. & Tanniru, M., 2009. Service, value networks and learning. Journal
of the Academy of Marketing Science, 38(1), pp.19-31.

Maglio, P. P., Vargo, S. L., Caswell, N., & Spohrer, J., 2009. The service system is the basic
abstraction of service science. Information Systems and e-Business Management, 7(4
SPEC. ISS.), pp.395-406.

Maglio, P.P. & Spohrer, J., 2008. Fundamentals of service science. Journal of the Academy of

14



Marketing Science, 36(1), pp.18-20.

Merschbrock, C. & Munkvold, B.E., 2015. Effective digital collaboration in the construction
industry - A case study of BIM deployment in a hospital construction project. Computers
in Industry, 73, pp.1-7.

Mosterman, P.J. & Zander, J., 2015. Industry 4.0 as a Cyber-Physical System study. Software
and Systems Modeling, 15(1), pp.17-29.

Motamedi, A., Setayeshgar, S., Soltani, M. M., & Hammad, A., 2016. Extending BIM to
incorporate information of RFID tags attached to building assets. Advanced Engineering
Informatics, 30(1), pp.39-53.

Payne, A.F., Storbacka, K. & Frow, P., 2007. Managing the co-creation of value. Journal of the
Academy of Marketing Science, 36(1), pp.83-96.

Produktionsprozess, O. & Prozesskontrolle, E.-, 2014. Industrie 4.0 ganz praxisnah. Vakuum in
Forschung und Praxis, 26(5), pp.40-41.

Romero, D., 2009. Mechanisms for Assessing and Enhancing Organisations ’ Readiness for
Collaboration in Collaborative Networks. , (July 2015).

Romero, D., Galeano, N. & Molina, A., 2008. A Virtual Breeding Environment Reference
Model And. , 283, pp.15-24.

Romero, D. & Molina, A., 2010. Virtual organisation breeding environments toolkit: reference
model, management framework and instantiation methodology. Production Planning &
Control, 21(2), pp.181-217.

Silva, A. da, 2013. Inovacdo Tecnoldgica lean para a Pedra Natural Incorporacédo de
Tecnologias lean thinking

Silva, A. da, 2014. Instituto Superior de Gestdo. Tecnologias e praticas lean thinking na fileira
das Rochas Ornamentais.

Soediono, B., 2003. A study of Modelling Formalism of Manufacturing System Simulation
with Automated Updating Mechanism. Journal of Chemical Information and Modeling,
53, p.160.

UK Government, 2011. Government Construction Strategy. Cabinet Office, 96(May), p.43.
Veludo, S.C., 2015. Sustentabilidade na Arquitectura: escolhas projectuais mais eficientes.

Won, J., Lee, G., & Cho, C., 2013. No-Schema Algorithm for Extracting a Partial Model from
an IFC Instance Model. Journal of Computing in Civil Engineering, (Mvd), pp.585-592.

Wong, J.K.W. & Zhou, J., 2015. Enhancing environmental sustainability over building life
cycles through green BIM: A review. Automation in Construction, 57, pp.156-165.

Yalcinkaya, M. & Singh, V., 2015. Patterns and trends in Building Information Modeling (
BIM ) research : A Latent Semantic Analysis. Automation in Construction, 59, pp.68-80.

Yang, M.G. (Mark), Hong, P. & Modi, S.B., 2011. Impact of lean manufacturing and
environmental management on business performance: An empirical study of
manufacturing firms, Elsevier.

15



Digital Global Value Chains and the alternative upgrading path:
innovation with end-user

Evodio Kaltenecker and Afonso Fleury

University of Sdo Paulo Polytechnic School, Production Engineering Department
Av. Almeida Prado, 128 - 2nd floor
CEP: 05508-070 - Sao Paulo - Brazil
evodio.kaltenecker@usp.br - acfleury@usp.br

Abstract

There is a considerable volume of knowledge already accumulated in the area of
consumers’ influence upon the evolution of global value chains. In seeking to advance that
process, this article aims to identify the determinants that enable the relationship suppliers-
consumers to become a key factor for supplier’s upgrading in the digital games value chain,
which is a privileged field for research in that area. The Global Value Chains approach is
applied to establish the analytical framework for the study.

Keywords: Global Value Chains, Upgrading, End-user innovation, governance, digital
supply chains.

1. Introduction

This article suggests that innovation efforts with end-user innovation allow alternative
routes of upgrading in digital chains. This fact happens due to a few reasons. First, digital
industries present direct communication channels between the supplier and the end
customer (NABISAN; NABISAN, 2008; ROBERTS, HUGHES, KERTBO, 2014). Second,
digital industry is a fast-changing environment (FINE, 1998; GRANTHAM; KAPLINSKY,
2005; READMAN, GRANTHAM, 2006; GRAFT 2016). As a consequence, end-users are
relevant partners in the different phases of product development (NAMBISAN 2002;
PRAHALAD; RAMASWAMY, 2004a and 2004b; NAMBISAN; NAMBISAN, 2008;
SAWHNEY; VERONA,; PRANDELLI, 2005). Nambisan, an important author in the field,
states that “consumers can be involved not only in generating ideas for new products, but
also in the co-creation of these by testing products and providing support” (NAMBISAN,
2002).

The literature on Global Value Chains (GVC) has helped scholars and practitioners to
understand the dynamics and organization of global industries and to explore how different
companies relate to deliver goods and services to the end user (GEREFFI, FERNANDES-
STARK, 2011). Two key aspects of this literature are the governance of the chain and the
upgrading (GEREFFI; HUMPHREY; STURGEON, 2005; PONTE; EWERT,
2009). Because GVC literature has its roots in the study of traditional industries and how
developed country firms coordinate a geographically dispersed supply base (GEREFFI;
HUMPHREY; STURGEON, 2005) is natural to note that both the governance and the
upgrading has been discussed the under the point of view of the firms that lead the chain.



On the one hand, the governance discussion in value chains has been based on the seminal
typology developed by Gereffi, Humphrey and Sturgeon (2005). Depending on the
characteristics of the transactions between the leader of the chain and its suppliers, different
coordination models may exist. On the other hand, the term upgrading summarizes the
different opportunities that a supplier has to develop skills and balance the power
asymmetry within the chain (KAPLINSKI; FAROOKI; 2011; HUMPHREY, SCHMITZ,
2002). .

By focusing on the relationship between the leader of the chain and its suppliers, with a
focus on the role of the leader, GVC literature does not analyze the possibility that
suppliers seek opportunities of upgrading without interference of the chain leader - and
possibly outside leader’s interest. This assumption is fairly valid in traditional industries,
which presents well defined flow of materials and information. However, in modern digital
industries, the flows of products and information are not linear and the end user is a
potential collaborative partner for companies that are at the bottom of the value chain, such
as developers of digital products (ROBERTS, HUGHES, KERTBO, 2014; NAMBISAN;
BARON, 2009; NAMBISAN 2002). For instance, in the electronic games industry, game
developers receive information not only from the chain leader but also from end users; in
other words, suppliers within digital GVC benefit from knowledge and "inputs” from final
consumers (CADIN; GUERIN, 2006; FULLER; MATZLER, 2007; SAWNEY, VERONA,
PRANDELI, 2005; PAYNE, STORBACKA; FROW, 2008; GIDHAGEN; RIDELL;
SORHAMMAR, 2011).

Because the GVC literature does not discuss the possibility of upgrading of a supplier
without interference of the chain leader but the literature about innovation with end-user
supports the existence of some types of upgrading of suppliers, this article seeks to identify
the conditions required from the innovation with end-users to provide an alternative
upgrading path in the digital industry (SINGH, POWER, 2009; BRADLEY; MEYER,
GAO, 2006). Our goal is to debate whether the interaction between the end-user and
supplier (at the bottom of a value chain) allows product, functional, process and interchain
upgrading. Thus, the research question to be answered is therefore: Under what conditions
innovation with the end-user becomes an alternative upgrading path to a supplier in a
value chain. This question is easily answered in traditional industries, such as in the
automotive industry in which suppliers of parts, do not receive direct input from end users.

2. Global Value Chains
2.1 Chain types versus upgrading possibilities

The literature on GVC recognizes that the type of governance impacts upgrading
opportunities of the suppliers for companies that participate in the chain (HUMPHREY;
SCHMITZ, 2002; PIETROBELLI; RABELLOTTI, 2011; SCHMITZ, 2004; MORRISON;
PIETROBELLI; RABELLOTTI, 2008).



Suppliers in Modular chains work within a context of strict technical specifications
(PIETROBELLI; RABELLOTTI, 2011) and provide modules to their customers according
to their specifications (GEREFFI; HUMPHREY; STURGEON, 2005; PIETROBELLI;
RABELLOTTI, 2011), while in Captive chains leaders have more impact on their
suppliers, which are limited to run specific set of tasks. In order to mitigate risks, the
governing firms develops skills of its suppliers (GEREFFI; HUMPHREY; STURGEON,
2005), which leads to product enhancements and processes. However, the same chain
leader discourages the development of skills that may threaten the leadership of the GVC
(SCHMITZ, 2004; PIETROBELLI; RABELLOTTI, 2011).

Finally, long-term relationships occur in relational chains because of mutual dependence
(GEREFFI; HUMPHREY; STURGEON, 2005). In addition, the informal nature of these
relationships enable the transmission of information and tacit knowledge (PIETROBELLI;
RABELLOTTI, 2011), which can promote more sophisticated ways of upgrading.

As a consequence, all governance models present a link between the possibility of
upgrading of the supplier and the involvement of the chain leader. However, up to this
point the GVC literature implicitly supports that upgrading of a supplier depends on the
chain governor. The next topic shows that the GVC model has shortcomings because it
ignores that there are upgrading opportunities through sources external to the chain and one
of those is the interface between supplier and end-users.

2.2 Criticism of the GVC framework and improvement of the model.

As seen in section 2.3, upgrading is the movement that leads companies to productive
activities with higher added value through improvement of technology and knowledge
(BARRIENTOS, GEREFFI, ROSSI, 2011) and acquisition of skills associated with more
sophisticated activities. As firms obtain new skills they assume positions that add more
value in global chains (GEREFFI, 2005). Thus, the concept of upgrading is intrinsically
linked to acquisition of skills. However, the literature on GVC has a bias because it gives
the chain leader the priority, or leadership, to say the least, in the acquisitions of skills
acquisition of its suppliers. This bias explains why, as explained by Bair (2005) and
Neilson, Pritchard and Yeung (2014), governance literature was developed with a focus on
buyer-driven chains.

Different governance patterns may encourage or discourage upgrading, as synthesized by
Morrison, Pietrobelli and Rabellotti (2006); however, these authors argue that the GVC
literature ignores not only the efforts of suppliers to obtain more knowledge by themselves
but also the learning opportunities that exist outside the value chain. According to these
researches, the theoretical agenda of GVC should focus not only on learning processes
within the chain, but also the mechanisms that allow flow of knowledge, especially those
between different value chains. (NAVAS-ALEMAN; 2011)

The bias of the GVC literature can be challenged on the basis of several authors, some very
recent, that discuss the learning opportunities of suppliers.



o The analysis of global value chains of traditional industries (ALBORS-
GARRIGOS; MOLINA; MOLINA, 2014) shows that many players outside the
chain contribute to technological innovation (or upgrading, according to the GVC
vocabulary). Thus, the position of the authors contrasts with classic thinking of the
GVC analysis, which advocates that the possibility of upgrading is dependent on the
chain leader. Such scholars support two claims: (i) GVC framework need to be
expanded to incorporate external sources of improvement; (ii) such sources may be
end-users, other firms within the chain, universities and external laboratories.

o According to Iddris, Awuah and Gebrekidan (2014), the cooperation with
consumers via open innovation, facilitated by the use of tools such as "cloud
computing", affects the agility of a supply chain (or process upgrading, in the GVC
vocabulary). The authors suggest that external sources of information that may
increase chain ability may be other firms (whether in the chain of not), end-users
and large retailers.

o Billington and Davidson (2013), after analyzing the effects of open
innovation in supply chains, identified that improvement opportunities exist both in
internal processes and in product development (CHESBROUGH, 2003;
CHESBROUGH, 2007; BILLINGTON; DAVIDSON, 2013).

o Cox (1999), after analyzing power relations in supply chains,
reached the same conclusion without utilizing the concept of open innovation. The
author offers the argument that interaction between firms and their end users
fundamentally transforms the supply chains of firms.

o Schmitz (2007), in his article about the conditionsthat determine
the transition from competences of production to competences of innovation, points
out thatis necessary to combine the GVC approach (which contributes to the
understanding of links between firms) with the other that support external
influences on the innovation process. According to the author, the innovation
systems that favor local relationships are one of the mechanisms to acquire
competences for innovation (SCHMITZ, 2007).

The conclusion from this discussion is that there are external sources of upgrading in the
GVC. Therefore, this article seeks to fill this gap in the GVC literature.

The next step is to limit the problem to a restricted domain. Regarding the type of industry,
this article will focus on the digital games industry because it possesses three important
characteristics, namely: (i) is a non-traditional industry. (ii) is a solid example of a
fast clock speed industry (FINE, 1998), (iii) allows some forms of external learning
(CADIN; GUERIN, 2006; FULLER; MATZLER, 2007; SAWNEY; VERONA;
PRANDELI, 2005; PAYNE; STORBACKA; FROW, 2007; GIDHAGEN; RIDELL,;
SORHAMMAR, 2011).

Another limit refers to the focus on the end-user as a source of knowledge for the supplier
upgrading. Although Pietrobelli and Rabellotti (2011) have highlighted the importance of
innovation systems and learning among firms in emerging markets, the debate proposed by



these authors did not include collaboration with end user as a source of innovation,
development of new products or improvement of processes.

The next chapter shows that innovation resulting from the interaction between companies
and end users creates changes that refer to what the GVC literature calls upgrading.

3. Innovation with end-user

3.1 How this article positions itself relatively to the literatures on GVC and on
Innovation

The literature on innovation with end-users (PRAHALAD; RAMASWAMY, 2004,
NAMBISAN; NAMBISAN, 2008; SAWHNEY; VERONA; PRANDELLI, 2005;
NAMBISAN; NABISAN, 2002; ROBERTS, HUGHES, KERTBO, 2014) discusses the
possibility of value generation (or value co-creation, depending on the author) through the
interface between supplier and end-user. This interaction (also called collaboration with
end-user), leads to the discussion about the possibility of a change of logic of upgrading in
value chains: while the "traditional logic" presents no possibility of upgrading without
support from the chain leader, the "new logic" may allow upgrading from innovation
generated from the interaction between a supplier in the bottom of a chain and its end-user.

Von Hippel (1998) supports that there are four sources of innovation: the firm, the end-user
(or consumer), suppliers and third parties (eg universities). Therefore, this article will focus
on one of these sources, the end-users, and will discuss the possibility of end-users provide
an alternative path of upgrading.

The academic literature shows that the role of innovation with the end-user in the
generation of new products has been relatively well explored (CHRISTENSEN, 1997; von
HIPPEL 1988), although the importance of the consumer in the conceptualisation of new
products varies with the maturity of technology (CHRISTENSEN, 1997; LEONARD-
BARTON, 1995).

The increasing involvement of users in the creation of value with companies was also
identified by Prahalad and Ramaswamy (2004a), who argue that the connection (in varying
degrees) between the firm and the end-user in the activities of idea generation, development
and creation of new products is a pre-requisite to innovation. The authors points out that
there is a change in the system of value creation; initially it was focused on the company
itself but the new value creation system advocates joint innovation between client and firm
(PRAHALAD, RAMASWAMY:; 2004a). In this new system, the client appears as co-
responsible for creating value, developing (or helping to create) products that will
adequately meet customer’s specific needs.

An important distinction that needs to be made is the one between innovation oriented to
the customer and innovation with the customer. The differentiation occurs in the role of the
consumer in relation to the development of new product or service. In one hand, in the case
of innovation “with the customer”, the user assumes a passive role in the innovation created



by the firm and is limited to answer what is asked by the firm, which will use the answers
to generate market intelligence, will be translated into marketable products and services. On
the other hand, innovation “with user the organization” use of techniques to integrate the
users in the new product development process (LUTHJE; HERSTATT, 2004).

On the other hand, innovation with consumer is a specific form of deriving contribution
from end-users, who adopts an active attitude to contribute with their inputs (knowledge,
informed opinion, experience of use/consumption) in the innovation process of
firms. (ROBERTS, HUGHES, KERTBO; 2014). It is important to note that even though
the company did not lead the innovation process with the consumers, it can benefit from the
interface with them (PRAHALAD; RAMASWAMY, 2004b).

Nambisan (2002) in his influential article on the roles of end consumers in the development
of new product presents three possible consumer profiles in collaboration with firms: (i)
resource for ideation, (ii) co-creator of development and design and, (iii) user-tester of
solutions. However, Nambisan (2007) expanded its own typology to include a new
collaborative profile: the technical support of products. As a consequence, this author
suggests that collaboration between consumer and firm covers not only the development of
new products but also includes product support (a service-oriented activity), dissemination
of information (a marketing-oriented activity) and product improvement (a production-
oriented activity) (NAMBISAN, 2007). This change presents the idea that collaboration
with consumer can occur in several stages of product development process.

The role of users as innovation generators in these contexts has also been described in
Tapscott and Williams (2007); who add that, in the digital age, the boundaries that separate
the users to the producer are increasingly tenuous. The authors used the term “prosumer”,
to identify products developed by consumers. The low cost of implementation of digital
tools and the potential benefits of using the existing knowledge in this environment make
innovation with user a promising sources of innovation for companies in current times (
TAPSCOTT; WILLIAMS, 2007, DAHLANDER; GANN, 2010).

However, after identifying that consumers can support innovation with firms through
various roles and along different stages of the innovation process, there is no answer to the
following question: "What conditions are necessary for consumers to engage in innovation
processes of firms?". The next topic will present the four conditions to be studied in this
article: the motivation of consumers, the opportunities offered by the firms, the ability of
consumers to contribute and the digital infrastructure.

3.2 Conditioners of innovation with end-users.

Literature on innovation offers studies showing that consumers participate in the innovation
efforts with companies if some conditions are present. Aherarme, Bhattacharya e Gruen
(2005), after studying digital communities of consumers, offers a model that examines key
factors that drive exchange of information between end-users and firms; such model, the
MOA (Motivation-Opportunity-Ability) framework, helps to understand the creation of



value based on customer interactions amongst themselves and the firm. According to this
model MOA (MACINNISs et al, 1995; JEPSON, CLARKE, RAGSDELL, 2013), the
degree of participation of consumers in innovation activities with companies depends on
three factors: motivation, opportunity and ability.

Thogersen (1995) not only used the same MOA model but also argued that the study of
consumer behavior should not be limited to three variables M, O and A. This conclusion is
useful to this article because it provides theoretical ground to the use of an additional
conditioner: the digital infrastructure, which will be presented after the discussion of the
MOA framework.

3.2.1 Motivation

Maclnnis et al (1991 define motivation as a force that drives individuals to objectives and
motivates them to engage in changing behaviors, in making decisions and in processing of
information Therefore, what would be the main motivating factors for consumer to
participate in innovation-related activities with businesses? For von Hippel, leading author
in the field of innovation, the main motivational factor for users is the fulfilment of their
needs (VON HIPPEL, 1986). From this definition we conclude that consumers become
motivated because of their own need of better products and services. Maclnnis et al (1991),
after analyzing definitions of motivation show that motivation can be defined both by
tangible characteristics such as consumer’s readiness to interact with companies and the
frequency of such interactions occur and by intangible characteristics such as “will” or
“desire”.

3.2.2 Opportunity

The opportunity is the second condition to allow interaction between the consumer and
firms. While the first condition, is the force that drives user to cooperate in innovation
efforts, the second condition, opportunity, is related to a situation in which such
cooperation may might exist (MACINNIS et al; 1991).

Thogersen (1995) in their studies about consumer behavior, suggests that opportunity
occurs with the implementation of the an act desired by the firm. The role of the firm which
creates the opportunity is critical for the occurrence of joint innovation activity, a
conclusion also presented by Van Ophem (1992).

3.2.3 Ability

The ability of a consumer to participate in joint innovation projects firms is another
conditioner presented by MOA framework. According to Maclnnis et al (1991), ability
refers to skills and competences of the consumer about task. Therefore, to have high skill
involves the possession of prior knowledge.



The use of the competences of consumers is not new in many industries; however, the
notion that consumers are source of competence is more intense in technology and
knowledge intensive industries such as software (PRAHALAD, RAMASWAMY, 2000).

3.2.4 The last conditioner: Infrastructure

If on one hand the MOA framework explains the conditioners to the engagement of
consumers in innovation processes with companies, on the other hand the model does not
address the necessary tools that allow cooperation between consumers and businesses. This
deficiency is even more striking when one analyzes the collaboration between business and
consumers in the digital games industry, given that this industry makes intense use of the
digital infrastructure and tools to engage their consumers in various stages of development
of new products (NAMBISAN, 2002). As a consequence, infrastructure must be considered
a required conditioner in order to evaluate end-user innovation in digital industries. We
present two examples of tools that condition the participation of users in innovation with
firms in the digital industries.

a. Virtual communities as a conditioner for the consumer-supplier collaboration

The approaches that organizations use to obtain cooperation from consumers in the creation
are changing rapidly, both in traditional industries such as education and automobiles and
creative industries such as video games and social networks (PRAHALAD; KRISHNAN,
2008). Due to the development of technology and the rise of the internet, the development
of virtual communities that allow collaboration between consumers and firms on product
development has been the subject of many studies (SAARIJARVI: KANNAN, KUUSELA,;
2013; SAWHNEY; VERONA; PRANDELLI, 2005; NAMBISAN; BARON, 2007;
NAMBISAN; BARON, 2009; FULLER; MATZLER, 2007; BILGRAM; BREM; VOIGT,
2008). Because the internet is a highly-interactive technology, along with low cost of mass
communication, it allows consumers to experience new products and offers simplified
modes of interaction on alarge scale between producers and consumers (FULLER;
MATZLER 2007).

One kind of tool that companies use to attract and orchestrate the collaboration of end users
our process of new product development and innovation is the creation of Virtual
Consumer Environments (VCE). These environments, ranging from simple discussion
groups to sophisticated prototyping environments, enable firms to involve users in the
design, testing and support activities (NAMBISAN, 2002) and reverse the traditional "top-
down™ pattern of product development via experimentation and activism (PRAHALAD;
RAMASWAMY, 2004B). Such virtual communities of consumers may provide support to
products and services, promote brands and be a source of ideas (NAMBISAN;
SAWHNEY, 2007; FULLER; MATZLER, 2007; NAMBISAN; BARON, 20010).

b. Toolkits as conditioners for the innovation with end-user

In addition to the use of VCE to allow innovation with end-customers, literature review
presents that firms also use toolkits to support collaboration and knowledge transfer with
end-users. (THOMKE; VON HIPPEL, 2002; VON HIPPEL, 1988; VON HIPPEL; KATZ,



2002), A user toolkit is tool that enable customers to developed customized product without
having dedicated knowledge; therefore, toolkits are important part of the infrastructure that
is required to accelerate user contributions to innovation. (PILLER, IHL, 2009).

3.3 Theoretical model: conditioners for an alternative upgrading path in digital GVC

After reviewing the literature about innovation with end-user, most remarkably in digital
industries, this article suggests an alternative path to upgrading that is not foreseen by the
traditional literature on GVC. However, as many authors have pointed out, there are some
conditioners that are required to allow upgrading and the MOA framework and
Infrastructure are candidates to be those conditioners. Therefore, the theoretical model is
shown in Figure 2:

Figure 2: Theoretical model of conditioners for alternative upgrading path in digital GVC

Motivation | l Ability

End user _ Upgrading
innovation '

Opportunity I | Infrastruture

3.4 Hypothesis to be tested in field research

The theoretical model allows the development of hypothesis to understand how the
conditions for innovation with the end-users affect the upgrading opportunities of suppliers:

. Hypotheses #1: The motivation of end-user influences the upgrading of
suppliers.

. Hypotheses #2: The opportunity offered by the supplier influences the
upgrading of supplier.

. Hypotheses #3: The ability of users opportunity influence the upgrading of
supplier.

. Hypotheses #4: The infrastructure offered by the supplier influence the

upgrading of supplier.
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3.5 Expected results

One of the results expected from the field research is that different types of governance
will lead to different levels of importance of each conditioner. For instance, in
Relational chains we expect that the conditioners that are closely linked to customers —
Motivation and Ability — may be more relevant that the conditioners closely linked to
suppliers — Opportunity and Infrastructure. Conversely, in Modular and Market chain the
conditioners Opportunity and Infrastructure are expected to be more relevant than the
remaining conditioners.

Research may drive different conclusions in respect to the type of digital game. Because
mobile games tend to be less sophisticated than games for consoles, we expect that the
conditioner Ability (of the end-user) may be more relevant in the console segment than in
the mobile segment.

Finally, because idiosyncrasy of the digital game industry, we expect that the conditioner
Infrastructure will show high levels of importance in all types of governance and in both
segments mobile and console segments.

3.6 Theoretical Contribution

Once the validity of the propositions is achieved, this work will have answered the
following research question: Under what conditions innovation with the end-user
becomes an upgrading alternative supplier? Through evidence of the occurrence of
upgrading not foreseen in the traditional GVC literature, this article contributes to the
expansion of the theoretical knowledge about value chains because it will:

. Show that innovation with end-users provides an alternative path to
upgrading independently of the chain leader

. Identify the influence of Motivation, Opportunity, Ability and Infrastructure
on the upgrading of the supplier.

. Link the literatures about GVC and Innovation with end-users.

The next chapter will present the reasons that led to the choice of digital game industry as
an analytical object of academic research

4. Digital Games Industry

4.1 Reasons for choosing the digital games industry as the object of analysis
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The industry of digital games is important because of a series of factors such as its ability to
generate employment and income (FLEURY; NAKANO, SAKUDA, 2014), its
technological innovation (TOMASELLI; Di SERIO, OLIVEIRA; 2008; GRANTHAM,;
KAPLINSKY, 2005)), its hybrid profile between hardware and software (READMAN,
GRANTHAM, 2006), its high level of interactions between end-user and firms
(GIDHAGEN; RIDELL; SORHAMMAR, 2011; NAMBISAN, 2002, NAMBISAN 2007,
NAMBISAN 2008, NAMBISAN 2009) and its interconnection with other industries such
as music, sports, entertainment, film, technology, hardware and software (JOHNS, 2006;
FLEURY, NAKANO, SAKUDA, 2014).

Another important feature of the digital game industry is its global profile, given that the
game developers are located in several countries and their activities are controlled by global
corporations (READMAN; GRANTHAM, 2006).

Finally, the digital games industry is afast clock speed industry because it presents
increasingly shorter and intense cycles (JOHNS, 2006). According to Fine (1998), the study
of companies with high rates of evolution allows learning that could only be obtained after
long periods of observation in traditional industries (FINE 1998).

4.2 Overview of the industry of digital games

Johns (2006) introduces the complexity of the industry of digital game after showing that
this segment is based on two interrelated industries, the hardware manufacturing and the
software development. Additionally, the analysis presents the integration between the game
industry with other industries such as music and film (JOHNS, 2006). Finally, this industry
is based on several steps ranging from the funding of the product until its deliver to the
consumers. Figure 3 shows the activities necessary in the stages of development of the
games.

Figure 3 - Video game production steps
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4.3 Adequacy of the digital games industry to analyze the impact of collaboration
between end users and developers in the digital GVC

The digital game industry has been an important field of study for the discussion on
collaboration between end-users and firms. The impact of this relationship on firms of this
segment has been vastly studied by several researchers such as Cadin and Guérin (2006),
Jeppesen and Molin (2003), Nambisan (2002), Nambisan and Baron (2007), Prahalad and
Ramaswamy (2004). Therefore, the game industry is suited to test the hypothesis presented
in the previous topics chapter and to validate the proposed theoretical model due to the
following reasons:

a. Presents many collaborative communities between digital firms and the end-
users (NAMBISAN, 2008; ROBERTS, HUGHES, KERTBO, 2014).

b. Uses consumers as a source of innovation, either in products or in services
(GREER, LEI, 2012).

C. Is an industry that possesses dynamic nature (FINE, 1998). In this type of
segment changes happen rapidly, which attracts research due to short cycle times

d. Promotes technological innovation (GRANTHAM; KAPLINSKY, 2005;
JOHNS, 2006).

On the one hand, the existence of studies of online communities of users participating in the
improvement of digital games (SAWHNEY; VERONA; PRANDELLI, 2005,
NAMBISAN, BARON, 2007) provides additional strength to the argument that the
collaboration between developers and users finals has been an important tool in the
development of new products in the digital games industry. According to Jeppesen and
Molin (2003), the gaming industry for computers was one of the first to emphasize the
collaboration with customers.
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A key piece of evidence on the impact of interface with game users and industry is offered
by Cadin and Guérin (2006), who claim that current games are the result of collaborative
processes in which users contribute to the evolution of the game, a situation that contrasts
with the first products offered to the market, which were exclusively fruit of firm’s efforts
(CADIN; GUERIN, 2006).

An outstanding example of innvation with end-users and firms that develop digital games is
the Half-File, science fiction first person shooter game which became the best-seller game
in history. At one point, one of the users who also coordinated a community of players
perfected the game through a development kit provided by own studio that developed the
game. While the original game was played individually, the new version allowed several
players to play online simultaneously. The modified version, Counter Strike, exceeded the
original in popularity. Currently, the game is a separate product and is among the ten best-
sellers of the digital game history (GIDHAGEN; RIDELL; SORHAMMAR, 2011).
Therefore, Counter Strike is what in the GVC literature calls product upgrading; however,
this upgrading initiative happened without involvement of the leader of the digital value
chain.

Finally, the use of online user communities is further evidence of the suitability of the
digital game industry as an object of study on cooperation between firms and users. When
developers share games with consumers, they discover and debug, test the product, identify
problems and offer suggestions (GIDHAGEN; RIDELL; SORHAMMAR, 2011;
BURGER-HELMECHEN, COHENDET, 2011).

4.4 Further research

This article suggests that the Motivation, Opportunity, Ability and Infrastructure are the
conditioners to upgrading in digital global value chains. However, field work is required to
prove this claim. Therefore, the next steps for this research should include the measurement
of each of conditioner. Literature review must be the source of the benchmark for each
conditioners. For instance, Table 4 presents preliminary analysis undertaken so far

Table 4: measurements for each conditioner

Conditioner Measurement Literature review

Motivation . Responsiveness of user Maclnnis et al (1991),
. Frequency of
participation of users

Opportunity . Disponibilization of Van Ophem (1992)
internal teams Olander and Thogersen

(1995),

Ability . Skills in digital games (Prahalad, Ramaswamy,
. Technical knowledge 2000)
about codes

Infrastructure . toolkits Franke; Piller, 2004; on
. discussion forums Hippel; Katz, 2002;
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| | | Thomke, von Hippel 2002 |

Further analysis is required to understand the relative impact of each conditioner. More
specifically, quantitative research will be necessary to evaluate if each conditioner impacts
differently the upgrading of game developers.

Finally, the idea of upgrading is more complex than the one presented in the model in
figure 2. As shown previously, there are four modes of upgrading and the conditioners may
impacto ne or another. Field research not covered in this paper should provide the answer.
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Abstract

Environmental and social pressures are increasingly featuring alongside economic pressures on
companies to improve. Manufacturing companies in particular are under pressure to reduce the
negative environmental and social impact of their operations and leading companies are seeking
to create positive environmental and social impacts. Capturing the characteristics of how leading
companies undertake organisational change to control these impacts could offer opportunities for
other companies to start or accelerate their own change. This paper documents research carried
out with companies known for their leadership in the area of sustainable manufacturing. The case
data collected was analysed and seven key steps were identified: vision, leadership, education,
simplicity, pilot, momentum and broadcast. The steps are detailed and opportunities for future
research are discussed.
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Progressing change towards sustainable manufacturing

Sustainability (WCED, 1987) as a concept that integrates economic activity with environmental
protection for social good is acknowledged by many companies through sustainability policies,
staff appointments and activities to reduce operational impact. Accepting that companies alone
cannot be sustainable, there has been significant activity in developing socially responsible
strategies combined with environmental impact reduction projects (Kleindofer et al., 2005;
Garetti & Taisch, 2012). Such activities can act as enablers for supply chains and wider industrial
eco-system to progress towards sustainability. Ultimately the language could change from
reducing impact to eliminating harm (Montabon et al., 2016) to enhancing impact, or as
Ehrenfeld (2008) argues, flourishing.

In order to make progress towards sustainability, companies must initiate and maintain activity
just in the same way that lean production (Womack and Jones, 2005) is a continuous journey. So
how do companies initiate and maintain activity? We know that for lean production replicating
others’ tools and methods is insufficient to initiate and sustain improvements (Drew et al., 2004)
and that understanding how processes are incorporated within an organisation is important
(Mejias et al., 2016). So, is the process different from particular endeavours such as lean
production or more general change management? A lot has been published on the technical
achievements of companies from specific practices to more general performance improvements
(e.g. Haymohammed et al., 2013; King & Lenox, 2001; Zhu et al., 2004) as well as on how to
progress sustainability strategically at the firm level (e.g. Bansal & Roth, 2000; Montabon et al.,
2016; Moretto et al., 2016). However, there remains a gap in understanding how the programmes
of change are started, expanded and sustained.



Much has been published on what is required to support significant change within the area of
leadership (Fullan, 2004) and leadership and sustainability (Doppelt, 2003; Avery & Bersteiner,
2011). There is significant insight to qualities of individual leaders (Waldman et al., 2006; Visser
& Courtice, 2011; Knight, 2014), the need for vision, people development and performance
management (Avery & Bergsteiner, 2011) and the need to tackle the complexity of systems
(Fullan, 2004). What does not feature so strongly is the overall journey that the organisation takes
under this leadership and how companies progress from small beginnings, ramp up the rate of
change and move to an era of maturity and engage in experimentation as would be seen in lean
journeys.

There is significant work on the principles for organisational change and initiation of that change.
Senge et al. (2010) consider both leadership and the transformation of companies, in particular
about how to engage others and see challenges from different perspectives. Others examine the
process to follow for change (e.g. Herrmann and Thiede, 2009; Smith and Ball, 2012), the
barriers to change (Lunt et al., 2014; May et al., 2016) and the relationship with investments (e.g.
Klassen, 2000). What is absent is how the environmental change propagates from a pilot area to
the wider company and beyond and the level of caution companies take to both the technical
changes as well as the communication of success.

This paper documents research that sought to ascertain what companies do to initiate and
accelerate their sustainable manufacturing journey. Of interest is how others are engaged and
supported in the growth of activity. The paper is structured as follows: first the research design
justifies and details the approach used; next the case data is presented, clustered and categorised
into a collection of steps; finally the findings are discussed and conclusions given.

Research design

The research was motivated by early literature review that revealed a lack of insight into how
organisations go about leading change towards “more sustainable” (less unsustainable) pathways.
In particular, operationally what are companies doing in making tangible changes at scale beyond
high profile technological implementations. The overall aim was to uncover the steps that
companies take to initiate and accelerate their sustainable manufacturing journey.

Familiarisation with and reflection on (Easterby-Smith et al., 2012) research and practice through
literature and discussion triggered the focus on the steps for leading a sustainable manufacturing
journey. Prior discussion with leaders in field suggested there could be commonality in their
approaches. A decision was taken to use practitioners as the initial source of development using a
grounded method (Glaser & Strauss, 1999) from early attempts to conceptualise the area rather
than use the common approach of developing a conceptual framework from literature and then
testing through case or survey.

Leaders for interview were selected out of purpose (Robson, 2011) and relevance of those
available within a network of known leading companies to gain insight to the focus area. The
prompt questions prepared were: What was the programme called? What was the trigger to start?
What was the motivation to pursue long term? Who was involved, how was involvement
achieved? Who supported? Where does the inspiration come from? What are the top tips to help
others? The questions were to prompt description and were intended not to be leading on process
steps. The interview stopped when the prompt questions were directly or indirectly answered and



the interviewee volunteered no further insight. Interviews were carried out with known contacts
by telephone lasting around one hour over one or two calls. Initial guidance was given to the
interviewees to prompt the accounts of their/their companies’ approach and continuous notes
were taken of their accounts without audio recording or transcription. Later, clarifications were
sought on the points made and feedback was gained on initial write-ups of the company journeys.

Coding of the interview notes was carried out to identify distinct features of the journey. The
coding sequence aligned to open, axial and selective coding (Easterby-Smith et al., 2012;
Robson, 2011). The coding was open and fluid and did not use pre-conceived codes. As the
richness of the detail of the cases individually and collectively emerged, some of the codes were
refined to better identify the particular feature of a journey. These codes are shown in italics in
the case accounts in the next section. Through an iterative process, codes were clustered to form
categories as connections were made between codes within a case and across cases. These
categories were identified as major ‘steps’ in leading the sustainable manufacturing journey and
Table 1 later shows those steps and their associated codes. Note that for Table 1, the clusters of
codes are shown on the right of the table for ease of illustration rather than implying steps were
created first and codes later matched to them. Finally, the codes were generalised across the cases
for each of the steps to form ‘aspects’. An aspect describes a generalised feature of a journey step
drawn from multiple like codes. A decision was made to label the features as aspects rather than
sub-steps as not all the features were displayed by each company, hence not all features need to
be present to lead the sustainable manufacturing journey. Table 2 later shows the steps and
associated aspects.

The development of the major steps presents how to lead operational progress towards
sustainable manufacturing from initiation to on-going significant change. It is accepted that any
approach developed by a company is iterative and not hierarchical, hence the sequence of steps
indicates phases of activity rather than a strict linear sequence. The outcome of developing these
steps was compared to sustainability and related literature. The next section details the cases with
initial coding of the cases.

How leading companies approach change

Three accounts of the way companies progressed are detailed here. The significant features
within each of their journeys are coded in italics. These codes were then clustered to distil the
key steps with associated aspects in the next section.

Case 1 — automotive

This case company had a global footprint and designated a small number of pilot plants to lead
the initiatives for the sustainability vision and cascaded advances to the rest of the companies. It
accepted that its vision was distant to create ambition on how to reach the end point. They used
the journey metaphor of seeing the end point without necessarily knowing the intermediate steps.
The vision was one that staff could believe they can achieve but vague enough that everyone can
connect to. Deliberately, whilst being sensitive to local conditions, they used consistent messages
throughout the organisational hierarchy.

The value of leaders was given, explaining how they would share knowledge on the ‘what’ and
particularly on the ‘how’. The company emphasised the simplicity of its approach and the need
to always go and see (genchi genbutsu) the challenges at first hand in the workplace (gemba). In



particular, it was important to understand the basics and why the current process was the way it
was.

The company used its philosophy of zero waste for the underpinning principles for the journey
towards sustainable manufacture and to live in harmony with nature. The company had a deeply
held belief it needed to minimise impact. Rules for simple processes were developed and
communicated to enable local relevance and fit with the overall philosophy.

Staff focused on what was behind the fundamental impacts on the environment and took many
incremental steps and proceeded cautiously but persistently. The company valued consistent long
term evolution of practice through small steps, each of which could allow return to known
condition and start again if needed. By encouraging trying using standard processes then
mistakes could be permitted a controlled way. A key lesson here was to educate staff on why.
Trials were performed to understand the best way forward. Some of the work had central funding
to remove risk from operations and avoid barriers to progress.

Significantly, few full time staff were responsible for the developments as a full-time role so they
engaged others to increase activity and gave them the reward and recognition. These staff were
considered to be the champions who would cascade awareness and win hearts and minds across
the shop floor.

Case 2 — aerospace

This case company had a European footprint with a number of plants that were engaged in energy
efficiency programme developed by a pilot plant. The company had an ambitious vision to
reduce energy and carbon. Successful initial projects helped generate confidence for more
projects. The company used external funding to start the energy reduction activity that involved
industrial and academic collaboration. The initial activities justified the creation of an energy
efficiency network to develop the momentum of change.

The company used a network to cascade the standard way of working that needed to balance
promoting quick wins with supporting disruptive projects. The network used local champions
who were nominated by each plant to communicate clear practices. The support from the seniors
was recognised as important, however, the motivation for change came from the shop floor
improvement groups.

Many staff were trained in the standard process and emphasis was placed on questioning the
fundamentals by constantly asking why to avoid jumping to conclusions on solutions. The
training sought to provide tools to help others carry out their own projects but avoiding dictating
detail.

The company adopted a standard process from another company and tailored it to their needs. It
used inspiration from others to understand what works locally having recognised its lean
production success was by avoiding ‘copy and paste’ of standard methods. Their tailored process
was based on principles of the waste hierarchy. They wanted to deploy the approach widely and
recognised they needed to avoid local inertia from a ‘not invented here attitude’.



They recognised that ‘mundane’ changes that were widely adopted could be more effective than
‘shiny’ technology projects hence there was significant attention by the leaders to change
behaviours. The local successes enabled expansion as success was recognised. Groups were
keen to learn from one another and understand why some areas had better performance. It was
realised that the approach had to fit with the existing performance measurement system. The
internal benchmarking developed into external benchmarking as well as working with suppliers.
Significantly the network of champions wanted to celebrate success, foster enthusiasm in other
staff and find time to have fun.

Case 3 — food and drink

This case company has a small number of plants in the UK and with initial motivation driven by
the desire to reduce their energy consumption under their mantra of practical sustainability.
Their initial successes led to wider understanding of their carbon footprint and in turn resulted in
them working with suppliers. Their overall approach was simple and effective engagement with a
practical mind-set and desire to demystify. The company sees its inspiration come from
discussion and understanding with the staff on what will help others.

Initial progress was challenging due to the lack of information and resulted in them adopting
standard methods for assessment and fast-tracking analysis to identify hotspots in the business.
News of their activities attracted interest from others including new and existing customers. The
company needed to engage others and avoid lack of interest and avoid defensive practices. Their
offer of sharing tools and data with suppliers was initially resisted as it was perceived as a threat
but moved to collaboration with suppliers within a couple of years so that the benefits were
mutual. They wanted to help others and remove any fear in calculations by focusing on hotspots
and not demanding accuracy. In helping others they helped themselves. The emphasis on
simplicity meant that assessment of carbon footprint across the supply chain was matched to the
data suppliers had available, recognising their suppliers did not have the time and skills to obtain
data demanded by sophisticated tools. The company later worked with customers to help their
customers calculate the carbon impact. This was seen as triple win through driving lower cost,
premium pricing and lower carbon footprint.

Within the company staff were surveyed and results showed a majority of staff were aligned to
the sustainability vision meaning that the advances come from all staff and not the responsibility
of one lone leader. There was emphasis on the practical and basic aspects and using the
information available. The view was to do the basics first, get clever afterwards. They were not
interested in offsets, etc. Having worked on the basics for many years their next big thing was
investing in technology for renewable energy.



Steps for leading organisation change

The cases presented in the previous section summarise the journeys that three companies from
different industrial sectors have taken towards transforming their companies. The companies
were known to have started on the journey towards sustainability by reducing environmental
impacts and were selected because they were sustaining their activities. There was a clear start
point in their journey that was marked by a cluster of aspects. This was labelled as the ‘Vision
creation’ step. The companies each had leaders in their companies (which included the
interviewees) who were progressing the agenda consistently and (in a polite way) obsessively.
The was therefore a distinct cluster of activity around ‘Passion in leadership’. All companies
described how they went about educating staff within and outside their organisation and it was
considered that the education was a step distinct from the communication of advances and
successes within and outside their organisation. Two clusters emerged that were named
‘Education of people’ and ‘Broadcast success’ respectively. Each company described their
approach to improvement, detailed the tools used and placed significant emphasis on the
simplicity of their tools to promote adoption. It was challenging to separate the technical
approach from the simplicity its use, hence the step of ‘Approach with simplicity’ emerged. All
companies described their first projects as well as the volume of projects. These were two distinct
stages. First, the initial activity was within operations as well as against particular technical
problems. Second, there was the engagement of many others once success had been proven and
confidence gained. The technical activities in both these stages were the same but the mind-set of
the first was to be cautious and allow mistakes with small groups of people and the second, still
with some caution, was engaging many others in doing the same. Two steps therefore emerged
named ‘Successful pilots’ and ‘Develop momentum’. These steps with their corresponding
cluster of codes are shown in Table 1.

Table 1 shows the similarities in the approaches taken by each company as well as differences in
the methods of engagement, for example automotive at described most activities with reference
to a single site, aerospace described activities across multiple sites within the same company and
then food and drink described activities with other companies in its supply chain. Table 2
presents a consolidation of the case data to provide generalised aspects against each step. Each
case company was different in detail so the aspects for each step represent possibilities for others
to use rather than an essential list to enable success.

The steps leading to organisation change within the context of sustainable manufacturing,
detailed in Table 2, contain activities that are common to most of the case companies
interviewed. Not all aspects for each step are necessary to make progress and for this reason they
have not been presented as a sequence or summarised as a narrative to follow. Additionally, it
must be emphasised that the steps are presented in the order that they will be typically initiated
and it is recognised that many steps will continue in parallel and iterate. For example, training
and education will be with a small group of staff working on pilots and will continue as more and
more staff are engaged in the overall change programme. Finally, the developing momentum step
had a significant cluster of aspects that further research could justify subdivision of this step. For
example, some aspects relate to initial expansion whether as others relate to later maturity when
sustaining the change is emphasised. Further to this, some aspects relate to internal company
activities whilst others relate to the supply chain.



Table 1. Case data clusters as steps for organisational change towards sustainable manufacturing

Steps Automotive Aerospace Food and drink
Vision Sustainability vision, Ambition  Ambitious vision Sustainability vision
creation Journey metaphor Reduce energy and carbon Mantra of practical
Connect to sustainability
Minimise impact Staff aligned to vision
In harmony with nature Desire to reduce
Passion in  Leaders, champions Support from the seniors Inspiration
leadership  Belief Local/Network of champions Initial motivation
Win hearts and minds Nominated by each plant Not responsibility of lone
Foster enthusiasm in others leader
Change behaviours
Education  Share knowledge Many staff were trained Help others
of people Overall philosophy Inspiration from others Avoid lack of interest
Understand the basics Learn from one another Avoid defensive practices
Educate on why and how Questioning fundamentals Remove any fear
Philosophy of zero Asking/Understanding why Time & skills to obtain data
Wider understanding
Discussion & understanding
Approach ~ Go and see Standard way of Practical mind-set, emphasis on
with Rules for simple process working/process practical/basics and simplicity
simplicity Underpinning principles Based on principles Desire to demystify
Fundamental impacts Standard process Adopting standard methods
Simplicity of approach Promoting quick wins Fast-tracking analysis
Standard process Support disruptive projects Focusing on hotspots
Simple effective engagement
Not demanding accuracy
Matched to data/info available
Basics first, clever afterwards
Not interested in offsets
Successful  Pilot plants, Proceed cautiously  Pilot plant Initial progress challenging
pilots Small/incremental steps Successful initial projects Initial successes
Return to known condition Generate confidence Lack of information
Encouraging trying External funding
Permitting mistakes Understand what works locally
Trials were performed External collaboration
Develop Long term evolution Network to develop the Engage others
momentum  Persistence momentum / to cascade Working with customers
Few full time staff Motivation for change Working with suppliers
Engaging others Improvement groups Collaboration with suppliers
Sensitive to local conditions Provide tools/Tailored to needs Initially resisted
Increase activity Help others do projects Perceived as a threat
Central funding Avoiding dictating detail Across the supply chain
Avoid barriers Deploy/adopt widely Benefits were mutual
Avoid local inertia Help others help self
‘Mundane’ changes Sharing tools and data
Success enables expansion Advances come from all staff
Internal/external benchmarking  Investing in technology
Working with suppliers
Broadcast  Consistent messages Communicate practices Interest from others
success Communicate Success recognised Triple win

Local relevance
Reward and recognition
Cascaded awareness/advances

Fit with performance system
Time to have fun

Staff were surveyed



Table 2. Steps and aspects to support organisational change towards sustainable manufacturing

Steps

Aspects to support

Vision creation

Creation of an ambitious sustainability vision
Detail of vision gives staff ability to connect and align
Vision provides focus on minimising impact

Passion in leadership

Leaders foster enthusiasm in others to engage
Leaders provide the inspiration for changing behaviours
Seniors create local champions to ensure the responsibility and activity is shared

Education of people

Staff are educated in an overall philosophy

The focus is on understanding the basics and questioning why
Knowledge is shared as staff discuss and learn from one another
Ways to allay threats and fears are promoted

Approach with
simplicity

Standard, simple, practical approach is adopted and developed

Approach has core principles that focus on identifying fundamental impacts
Approach promotes “go and see”

Support for combination of short/incremental projects as well as disruptive projects
Analysis is based on available data, recognising some data is hard to obtain

Successful pilots

Early projects demonstrate success (in pilot plants) and builds confidence
Progress is challenging in both how to analyse and how to change

Work proceeds cautiously with small, incremental steps

Staff are encouraged to try and mistakes are permitted in controlled environment
Ability to return to known condition important for process stability and confidence
Teams learn what works well

External funding can help initial work

Internal and external collaboration helps initiation

Develop momentum

From successful pilot activity is increased by engaging others over the long term
Network/community helps motivate change and increase adoption

Activity can be within same plant, other plants, suppliers or customers

Few staff with full-time responsibility engage many others through networks/groups
In helping others and sharing tools, mutual benefits can be realised

Help is provided to overcome resistance/inertia/barriers

Persistence develops motivation for change and gain momentum

Central funding can help with acceleration of adoption of new methods

‘Mundane’ process change is promoted and technology change carefully considered
Internal and external benchmarking provides awareness of good practice

Leaders are sensitive to local conditions and avoid dictating detail / allow tailoring

Broadcast success

Consistent messages are communicated

Success recognised within existing performance structure

Success is celebrated, often emphasising multiple benefits

As advances are cascaded local relevance is ensured

Engagement of staff is measured and communicated
Communication is local as well as outside plant/company boundary
Important to set aside time to have fun



Implications for sustainable manufacturing research

There are similarities in the sequence of steps that would be expected of any project management
process (PMBOK, 2013) in which: a project is initiated with a charter (vision); planning with the
creation of a team (leadership); executing by setting up a team (education, approach) and then
carrying out the work (pilots, momentum); and finally closure (broadcast). Considering the steps
as an overall innovation process, the steps share similarities with the more generalised process
developed by Rogers (2003). The initial step has characteristics of the understanding potential
changes, the potential benefit and what and why they should be pursued. The next steps are about
persuading others that the change is necessary and the leaders ensuring compatibility with values
and past experience. This is followed by a decision stage of piloting and accepting. Then the
implementation of change is adopted more widely, possibly with continued experimentation,
before the confirmation stage of communicating, evaluating and gaining support. The reference
to the journey rather than an initiative chimes with the thinking on change presented in “Green to
Gold” (Esty and Simmons, 2011).

The steps can be related to much deeper fields of study but it is not the intention of this work to
create a number of steps and define each step precisely. The purpose of this work is to capture
what is important and prominent overall for those engaged in change. Hence the leadership step
has aspects that relate to, say, the Sustainability Leadership Model (Visser & Courtice, 2011), of
empowering and creating awareness whilst the approach step has aspects that relate to, say,
“Green to Gold” (Esty & Simmons, 2011) with the emphasis on the leadership, vision and
communication with the differences being around greater emphasis on pilots to instil confidence,
education (as distinct from training) and grassroots networks rather than top-down hierarchical
control.

The companies used for the data collection were known to have advanced thinking on
sustainability and had achieved significant success over the years, e.g. the reduction in energy
and other resource consumption. These successes appeared in their annual reports and web pages.
Despite the overall company achievements, it is interesting to note performance targets and the
quantification of achievements did not feature strongly in the accounts of their sustainability
journeys. The outcomes were not part of the prompts for the interviewees to relate the story of
their company’s journey but they all made repeated references to successes and securing the
mandate to continue. However, they focused more on increasing activity rather than giving
emphasis to quantified return on any activity as was emphasised by Esty & Simmons (2011).
Further research is needed to understand if this emphasis resulted from the maturity of
companies’ processes for evaluation of return on investment and greater challenge around
gaining momentum in such investments or that there is a weak link between sustainable
manufacturing leadership and financial performance as suggested by Aspelund & Fredriksen
(2016).

Conclusions and future direction

This paper has documented research into capturing the characteristics how companies undertake
their journey towards sustainable manufacturing from initiation to supporting wider adoption.
Whilst there has been significant research in what achievements have been made, what technical
changes have been implemented and what objectives companies are establishing, there has been
little on the organisational change companies have taken to reduce impact across the breadth of
the organisation. The research here has used a grounded method to interpret the accounts of three



companies recognised to be leaders in the field of sustainability and establish common
characteristics. Individual cases were coded and the codes clustered across the cases to establish
major steps that companies take and common aspects to support those steps.

The research has established a number of common steps that companies have displayed in
establishing and accelerating the journey towards impact reduction. Seven steps were uncovered.
The first two steps detail how companies created a vision to provide direction to their journey and
used passionate leaders to initiate and evolve the journey. The next two steps are where
companies educate people within and outside the company on key principles and then deploy
simple standard processes for them to use to reduce impact. The fifth step is where pilot projects
adapt and develop methods into a company standard and build confidence through early success.
The sixth step describes how companies build on the early achievements and accelerate the path
along the journey by engaging more people across their company and beyond. The final step sees
the companies broadcasting their success by communicating internally and externally. It is
acknowledged these seven steps are not linear but operate in parallel as, for example, the
communication of success is initially internally and only when momentum builds will companies
reveal activity and achievement externally.

The obvious limitation in the work is the examination of only three companies, with each
company from different sector, all were in Europe, each differing in size and all at the stage of
sustaining a level of activity. Further work is necessary to increase the number of cases to
establish saturation in the overall findings as well as uncover any differences between companies
of different size, different supply chain power and different maturity in their journey.
Additionally, whilst aspects relevant to each step have been identified, it would be valuable to
know which factors foster greater advance. For example, how the level of training and education
of people or how the level of integration within the existing performance management system
impacts on the effectiveness of sustainability focus improvement activities. There was reference
to experimentation (as distinct from initial pilots) in which staff were encouraged to try different
ways with the expectation that failure is a possibility and should this be the case the change can
be undone to the last stable set up. This is a feature noted in mature lean companies but this was
not actively pursued in the interviews. There is potential for further research in this area to
uncover whether companies are actively promoting experimentation and under what conditions.
Finally, the focus here has been on how the companies have focused reducing impact rather than
a more positive position of increasing health of the environmental and social system.
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Abstract

Stakeholders are increasing pressure on manufacturers to adopt more sustainable practices
(Gonzalez-Perez, 2013). Customers are demanding more sustainable products, manufactured
in environmental friendly ways and under dignified human work conditions over the whole
value chain. Furthermore, 195 governments recently signed the Paris Agreement that will,
from 2020, force far more stringent environmental demands on manufacturers. Under these
conditions it is timely to launch an investigation of the underpinnings of the process of
adoption of sustainability practices in manufacturing firms and the financial implications such
adoption might entail.

This study aims to contribute in that direction by asking: How do business leaders influence
manufacturers’ strategic sustainability efforts, and does this lead to higher financial
performance? Building on transformational leadership theory (Bass, 1985, 1991; Bass &
Steidlmeier, 1999; Burns, 1978), self-determination theory (Ryan & Deci, 2000) and the
microfoundational approach of organizational behavior (Barney & Felin, 2013; Felin, Foss,
Heimeriks, & Madsen, 2012; Foss, 2011) we investigate the relationship between the CEO
motivation and leadership style in international exposed firms and their firms’ propensity to
engage in sustainability efforts at the strategic level.

More specifically, we investigate the effects of identified motivation, which is expressed when
an individual act due to consciously valuing and placing personal importance on an activity
and its goals (Ryan & Deci, 2000), and the charismatic leadership style of intellectual
stimulation (Bass, 1985, 1991; Waldman, Siegel, & Javidan, 2006). The latter comprising of
business leaders who intellectually stimulates and challenges their employees, making the
employees look at problems from different angles and who themselves reevaluate the critical
assumptions underlying current business strategies. Finally, we look at the degree to which
these antecedents at the micro level increase the firm’s likelihood to develop strategic
sustainability efforts at the macro level, and its link to financial performance.

The hypotheses are tested in a structural equations model on a sample of 450 Norwegian
manufacturers. The sample is a representative sample of the population of Norwegian
manufacturers collected through an online survey questionnaire in 2016.

Findings suggests a significant, direct effect from identified motivation on the firms’
involvement in sustainability efforts. The effect remains significant when adding intellectual
stimulation as an intermediating factor, meaning leadership style partially mediates the
relationship between motivation and sustainability strategy. We also find a significant effect
of sustainability strategies on firms’ financial performance. The findings highlight the
importance of CEO motivation and leadership style on the adoption of sustainability strategies
and financial performance in manufacturing firms.



Theoretical background

The literature on sustainable manufacturing is full of leadership dilemmas. For example, there
is a long standing discussion concerning if business managers should even consider
sustainability practices — illustrated by a famous statement by Friedman saying that “business
for business is business”, and further that the mere existence of sustainability efforts
particularly through Corporate Social Responsibility (CSR) signals an agency problem within
the firm (Friedman, 1970). On the other side, there are those who argue that corporations have
an obligation to be as environmentally friendly as possible and also give back to the society
around them (Waldman & Siegel, 2008).

Furthermore, accepting that stakeholder expect more than just taxable revenues from firm
activities, how should managers in manufacturing firms deal with those expectations? Should
they just deal with them as a cost factor, like many managers in multinationals do (Christman
& Taylor, 2006)? Or should they embrace stakeholder expectations of sustainable practices
like any other business opportunity as suggested by Porter and Kramer (2006; 2011) and other
advocates of Shared Value Creation?

Finally, who are those managers that seek to implement sustainability strategies in their
firms? Are they like any other manager, or are they driven by their personal ambitions to do
good? And if they are driven by their personal ambitions, do they fulfil these ambitions at the
cost of the firm’s revenues and profits?

In the literature the relationship between sustainability and firm performance is inconclusive
(Goyal, Rahman, & Kazmi, 2013), however recent research suggests a positive relationship
(Aspelund & Fredriksen, 2016; Aspelund & Srai, 2016; Eccles, loannou, & Serafeim, 2014).
Especially, when sustainability efforts are integrated into the corporations’ business strategies
this leads to better performance and value for stakeholders (McWilliams & Siegel, 2000,
2001; Siegel & Vitaliano, 2007). By constructing such a sustainability-strategy for their
international ventures, business leaders have to think differently, be creative, maybe often
“start from scratch”, thus creating uncharted competitive waters of blue oceans for their firms
(Aspelund, Ragdland, & Fjell, 2015). Thus, this leads us to the research question at hand: How
do business leaders influence firms’ strategic sustainability efforts, and does this lead to
higher financial performance?

Building on transformational leadership theory (Bass, 1985, 1991; Bass & Steidlmeier, 1999;
Burns, 1978), self-determination theory (Ryan & Deci, 2000) and the microfoundational
approach of organizational behavior (Barney & Felin, 2013; Felin et al., 2012; Foss, 2011) we
investigate the relationship between the CEO motivation and leadership style in international
exposed firms and their firms’ propensity to engage in sustainability efforts at the strategic
level.

Hence, in order to address the research question, we consider the personal attributes of CEOs.
Organizations are composed of individuals, and therefore a focus on individuals helps to
illuminate answers to questions about strategy and performance of firms (Felin & Foss, 2005).
Of the individuals in a firm, it is the top managers that affect firm strategy (Hambrick &



Mason, 1984), so it is useful to consider the effects of CEO motivation for sustainability and
leadership style on sustainability strategy.

Identified motivation is expressed when an individual acts due to consciously valuing and
placing personal importance on an activity and its goals (Ryan & Deci, 2000). As part of self-
determination theory (SDT), identified motivation is a relatively autonomous form of
extrinsic motivation that has been found to positively associate with various outcomes such as
student performance (Burton, Lydon, D'Alessandro, & Koestner, 2006) and information
seeking (Koestner, Losier, Vallerand, & Carducci, 1996). More importantly, autonomous
forms of motivation (e.g. identified motivation) are related to organizational citizenship
behavior, and effective performance on cognitive flexibility tasks and conceptual
understanding (Gagné & Deci, 2005), and support has been found for a positive inter-level
relationship between managers' transformational leadership and employee identified
motivation (Gagné et al., 2015).

Intellectual stimulation is a type of transformational leadership that supports outstanding
effort and performance (Bass, 1985). Leaders that express intellectual stimulation influence
followers (e.g. employees) by helping and encouraging them to question assumptions, look at
problems in new ways, and generate creative solutions (Bass & Steidlmeier, 1999).
Intellectual stimulation has been found to be a significant predictor of strategically-oriented
CSR (Waldman, Siegel, et al., 2006).

Hypotheses

Upper managers affect firm strategy (Hambrick & Mason, 1984), and if a CEO personally
values sustainability then it will likely be implemented in the company strategy. Identified
motivation is associated with organizational citizenship behavior and conceptual
understanding (Gagné & Deci, 2005), qualities that should be beneficial for the formulation
and implementation of sustainability strategy. In this manner, CEOs' identified motivation for
sustainability should have a direct and positive effect on sustainability strategy.

H1: CEO identified motivation will be positively associated with sustainability strategy.

Superior leaders give messages to employees via intellectual stimulation (Bass, 1991). CEO
motivation will be influenced by leadership style — a manager's motivation may not be visible
to employees, but leadership style is — so intellectual stimulation will act as a conduit for a
managers' identified motivation for sustainability strategy. Previous research has shown a
positive association between transformational leadership and identified motivation (Gagné et
al., 2015). It is possible that this relationship also exists intra-personally since identified
motivation can lead to effective performance on cognitive flexibility tasks and conceptual
understanding (Gagné & Deci, 2005) — elements that characterize intellectual stimulation.
Since previous research provides support for a positive association between identified
motivation and transformational leadership (Gagné et al., 2015), and between intellectual
stimulation and sustainability strategy (Waldman, Sully de Luque, et al., 2006), and because
motivation should be expressed via leadership style and behavior, we propose that intellectual
stimulation will mediate the relationship between CEO identified motivation and
sustainability strategy.



H2: CEO intellectual stimulation mediates the relationship between CEO identified
motivation and firm sustainability strategy.

Ultimately, firm strategy should in some way influence firm performance. Recent research
has provided support for a positive association between sustainability and firm performance
(Aspelund & Fredriksen, 2016; Aspelund & Srai, 2016; Eccles et al., 2014), and there is
evidence of superior performance by firms that integrate sustainability efforts into their
strategies (McWilliams & Siegel, 2000; Siegel & Vitaliano, 2007).

H3: There is a positive relationship between firm sustainability strategy and firm financial
performance.

The proposed relationships are summarized in the model below:

Leadership

style
H2 [
Intellectual
stimulation
Leader’s ) Firm strategy | Outcome
motivation

H1

-
Identified
motivation

‘ Sustainability H H3

strategy

Financial
performance

Controls
Firm age

International exposure

Model 1: Research framework

Methods

The literature on the sustainability — firm performance relationship is to a great extent
dominated by case based research with convenience sampling (Aspelund, Fjell, & Radland,
2015; Goyal et al., 2013), which renders generalizability of results difficult. Therefore, we
have adopted a qualitative approach for this study, targeting the whole population of
Norwegian manufacturers.

The population of Norwegian manufacturers were identified through the Brgnngysund
Business Register that holds all public accounts of Norwegian businesses. Each firm (~ 2700
firms) were sent a questionnaire with 110 questions related to their sustainability strategies
and leadership. We received 682 responses (25.2 % response rate) and a comparison with the



total population showed that the sample was representative for the population. Subsequently,
we completed the dataset with 10 years of financial data from the business service proff.no.

The sample predominantly consists of SMEs, which is in line with the Norwegian industry
profile. The responding firms had on average 80 employees and an annual turnover of
approximately 33 million Euros.

We investigate the hypothesis through a structural equations model according to the research
model above. The total sample was reduced due to list-wise exclusion of missing data. If a
respondent had missed more than 10 answers in the survey their entire record was deleted. To
be able to perform the structural equations model further missing values were imputed by
expectation maximization estimation (EM). The final model ran with 452 firms. All measures
used are validated in previous research and reported in table Al in the appendix.

Results

The analyses reported in this paper were done using SPSS Amos. First an item analysis
consisting of internal consistency tests was performed, Cronbach’s alpha for all measures was
well above 0,7 with evenly distributed loadings. The proposed structure of the items was then
confirmed through a confirmatory factor analysis, and the estimated parameters of the
measurement model for identified motivation, intellectual stimulation and sustainability
strategy may be found in table 1. We allowed no measurement error covariations within or
across items.

Model 2: Results Structural Equation Model

Leadership
style
_6 ? L2
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) stimulation
Leader’s " _— Firm strategy | ' Outcome
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Identified 20 Sustainability 13 Financial
motivation strategy performance
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Then the model without mediation was run through Amos. Financial performance (FP) was
regressed on sustainability strategy (SS) and identified motivation (IM). Table 1 shows the
results of the model tests and table 2 gives the model fit indicies for all models. The results



show that there is a significant and positive direct effect of the leader’s identified motivation
for sustainability on the firm’s involvement in sustainability efforts. Meaning that the more a
leader is consciously valuing and placing personal importance on sustainability activities and
its goals (identified motivation) the more we see of sustainability strategies at firm level. The
results also indicate that there is a positive and significant relationship between having a
sustainability strategy and financial performance. Model fit for this model (given in table 2)
was good and neither control variables of firm age or firm international exposure were
significant.

In the next step we introduced the intermediating variable intellectual stimulation. Financial
performance (FP) was regressed on sustainability strategy (SS) and identified motivation
(IM), with intellectual stimulation (1S) as an intermediating variable between IM and SS. The
findings show a significant, direct effect from sustainability strategy on financial performance
suggesting that the presence of such a strategy is associated with better financial performance
of the firm. Furthermore, the positive direct effect from identified motivation on sustainability
strategy remained significant, but reduced in size after adding the mediator, suggesting that
style of leadership partly mediates the relationship between motivation and firms’
sustainability strategy. Meaning that the firm strategic position concerning sustainability will
be dependent on the leader’s personal values, but the indirect effect of leadership style, the
way a leader leads and communicates when it comes to sustainability contributes positively to
the firm’s engagement in sustainability activities.

For the latter model, the control variable of international exposure was positive and
significant indicating that internationally exposed firms are more inclined to incorporate
sustainability efforts into their firm strategy, perhaps because they are more exposed to the
downsides of poor sustainability efforts. All proposed models show a good model fit (given in
table 2).

Table 1: SEM Statistics

TABLE1 | B | S.E. p r’

Measurement model

IM > IM1 ,901

IM >1IM2 ,976 0,26 faleal
IM 2>1M3 ,946 ,028 flelel
IS 2IS1 ,838

IS 21S2 ,873 ,045 Fkx
IS 2>I1S3 ,865 ,046 falaal
IS 2154 ,864 ,044 flalad
SS >SS1 ,801

SS > SS2 ,922 ,052 faleal
SS > SS3 ,889 ,051 Fkx
Path model wo/mediation

IM - SS ,586 ,554 faleal
SS >FP ,130 1,847 **




Age 2SS ,075 ,001 ns
Age>FP -,016 ,022 ns
Int Exp >SS ,069 ,133 ns
Int Exp >FP -,009 5,715 ns
FP ,02
Overall model
IM >SS ,203 ,048 falaie
IM 2>I1S ,665 ,042 falaied
IS >SS ,576 ,059 falaie
SS >FP ,129 1,844 *
Age 2SS ,057 ,000 ns
Age—>FP -,016 ,022 ns
Int Exp >SS ,088 ,116 *
Int Exp >FP -,009 -,189 ns
FP ,02
Table 2: SEM model fit
TABLE 2 v df P RMSEA CFI TLI
Overall model 102,180 57 ,000 ,042 ,990 ,986
Measurement model 83,606 32 ,000 ,060 ,988 ,983
Path model wo/mediation 26,888 21 175 ,025 ,998 ,996

Discussion

Our findings, from a representative sample of the population of Norwegian manufacturers,
tells a story of how personal motivation, directly and mediated by their leadership style based
on intellectual stimulation, are strong antecedents of the firm’s tendency to create
sustainability strategies that the firm profits from.

The study provides a novel perspective of the impact of leader motivation on firm strategy
and how sustainability strategy can aid firm performance. It contributes to the sustainability
literature by showing that CEO motivation acts as an antecedent to leadership style and
sustainability strategy, and it builds on micro-foundations and SDT by pointing to the
importance of leader motivation, with respect to firm strategy and performance. Although
intellectual stimulation has previously been found to affect sustainability strategy (Waldman,
Sully de Luque, et al., 2006), it has not, to the best of our knowledge, been considered as a
mediator between leader motivation and sustainability strategy. Actually, our findings
suggests that the mediating effect of intellectual stimulation is stronger than the direct effect
of identified motivation. This finding echoes well with previous studies that suggests
sustainability strategies requires a break with existing industry logic, hence the new strategic
path is to a great extent unknown, and requires new ideas and innovation (Aspelund, Redland,



et al., 2015). A leadership style, like intellectual stimulation, seems beneficial in such
situations as it draws on the creative resources of the whole organization.

Since this study provides evidence that identified motivation is associated on an intra-personal
basis with intellectual stimulation and sustainability strategy mediates this relationship, it
implies that CEO motivation and leadership style are factors that are intertwined and should
be considered when analyzing firm strategy.

Managerial implications

Our study provides an example of the effects of CEOs' personal attributes on sustainability
strategy and the consequent impact of sustainability strategy on firm performance. The results
of this study indicate that it behooves CEOs to formulate and implement sustainability
strategy since it positively impact firm performance. However, before this step, CEOs must
internalize and identify with the value of sustainability and make concerted efforts to inspire
their employees to challenge assumptions and think openly and differently about
sustainability.

Limitations and further research

Even though the current study has been performed on a representative sample of Norwegian
manufacturers, it remains to be seen whether the results transfers to other country settings.
Some might argue, and probably rightfully so, that due to characteristics of the Norwegian
industry and the strength of Norwegian institutional stakeholders, the result might transfer
poorly to other country settings — especially low cost economies. Further research is needed in
order to establish whether the relationship between sustainability strategies and firm
performance travels well to other economies. However, when it comes to the findings related
to H1 and H2, these are based on general human and organizational behavior and there is little
to suggest that these features are any different in Norway than anywhere else. Our analyses
are based on a limited dimension of transformational leadership (intellectual stimulation), and
only one form of motivation (identified motivation). Further research needs to establish the
role of other dimensions of transformational leadership and motivation forms.

Conclusions

Our findings show a significant, direct effect from identified motivation to the firms’ strategic
involvement in sustainability efforts. This effect remains significant, and even strengthened,
when adding intellectual stimulation as an intermediating factor. This finding suggest that
leadership style partially mediates and amplifies the relationship between motivation and
sustainability strategy. We also find a significant effect of sustainability strategy on firms’
financial performance. The control measure firm age shows no significant effect, meaning
that there is no difference between the proposedly resource scarce young firms and older
firms that may have more resource slack when it comes to strategy implementation. However,
when we control for internationalization we find that international firms are significantly
more likely to have a sustainability strategy than domestic firms. Our findings highlight the
importance of CEO motivation and leadership style on sustainability strategy and financial
performance in firms.
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Appendix A

Table A1 - Measures

Scale/Question

Measure

Identified regulation

Because | personally consider it important to put effort into this work

1-7 Likert scale

Because putting effort into this work is consistent with my values

1-7 Likert scale

Because putting effort into this work has personal significance to me

1-7 Likert scale

Intellectual stimulation

We regularly reconsider the assumptions our sustainability strategy is based upon

1-7 Likert scale

We seek to use different perspectives when we make decisions related to
sustainability (environment and society)

1-7 Likert scale

We encourage employees to look at environmental and social challenges in new ways

1-7 Likert scale

We often suggest new ways of solving environmental and societal challenges

1-7 Likert scale

Sustainability strategy

Sustainability (environment and society) is an inspiration to ongoing improvements
in our production - we reduce costs through sustainability

1-7 Likert scale

Sustainability (environment and society) is integrated into our business strategy - we
see new business opportunities in sustainability

1-7 Likert scale

Sustainability (environment and society) is a fundamental value for our business - we
want to change the industry we work in

1-7 Likert scale

Financial Performance

Operational income growth

Monetary
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Abstract

Many manufacturing companies have limited insight into the complete life cycle of their
products. One possible solution to this challenge is to apply emerging sensor technology or
smart technology for communicating with products.

Accompanying digitalization of industry, an increased focus on how sensors can be utilized for
developing better products, zero defect processes and more effective value chains is seen.
However, little attention is given to how product communication may improve environmental
sustainability for the product's life cycles. Based on a planned case study, a list of proposed
areas where product data may be utilized for greener business development is presented. The
areas discussed are sustainability planning and reporting, design and innovation, process and
improvement work and end of life planning.

Keywords: Environmental sustainability, circular economy, industry 4.0, end user insight, life
cycle data

1. Introduction

The coming decade is expected to become a crucial period for industrial companies as they
more frequently have to respond to global challenges. Environmental awareness is growing
throughout the society and the pressure on manufacturing companies to operate in an
environmental sustainable way is increasing. Having control of, and insight into, the entire
value chain is becoming a significant part of running a business. However, for many
manufacturing companies that are not distributing their products themselves, knowledge of the
complete life cycle of the products is limited. Furthermore, insights into users and end of life
stages are particularly restricted. Understanding these stages are important for facilitating a
long-term sustainable business development. On the other side, the amount of available
technologies for enabling information tracking throughout the product life cycle is increasing.
The manufacturing industry is experiencing a shift towards more machine and technology
driven manufacturing, of some referred to as a 4™ industrial revolution. The discussion on how
new technology can be used to develop better products, zero defect processes, transparent and
effective value chains etc. are central elements in the industry 4.0 initiative. However, little



attention is given to how all these new possibilities may improve environmental sustainability
impacts for the entire product life cycle or for securing material loops. Based on the challenge
with lack of information and knowledge from the product life cycle a case study is planned.
The study assumes that manufacturers can gain valuable information from the use-phase as well
as end of life of their products by utilizing an integrated sensor technology that can
communicate throughout the product's lifetime. The integrated sensor may consist of different
technologies that can harvest data from the products and its' environment before they leave the
factory gate, throughout the use and lastly to final disposal.

This paper presents theoretical considerations and background for a research driven innovation
case that starts 2016/2017. The descriptive case study elaborates enabling sensor technologies
for improved product environmental performance. The paper discusses how a manufacturing
company can use and benefit from this type of data gathering. The research case attempts a
practical and technology driven approach towards greener business development.

The cooperating company is a producer of LPG (liquefied petroleum gas) containers. In the
case study we plan to add sensors to the containers that will communicate between container
and producer and maybe also other users in the value chain. LPG containers are global products.
The lifetime of the LPG containers is highly uncertain and very dependent on where in the
world the LPG container is used. Depending on the geographical market, LPG containers are
used for various purposes; for cooking at home and in restaurants, at building sites, for heating
or for barbeque. The knowledge on the whereabouts of the containers after leaving the factory
gate is very limited. By adding sensors, we believe valuable information may be gathered.

Since this is a research case study that is currently under development, the scope of this paper
is limited to addressing opportunities for utilizing this type of sensor tracking to improve the
environmental performance of products and provide a basis for greener business development.
Real empirical data from the tracking will not be assessable during this pre-project stage, but
will be released in further research. This case study is a pilot project, therefore only one product
type is considered.

The goal of the planned case study is to explore the possibilities for sensor tracking of products
through its life cycle. The results from this case study will provide information on what types
of data that is assessable from this type of tracking and how this data may facilitate a greener
product life cycle and greener business development for manufacturing companies.

This paper first discusses relevant literature and studies, before presenting the case company.
Thereafter four areas of application for product life cycle data for developing greener businesses
are proposed. Finally, we introduce some challenges with applying sensor technology through
a product's life cycle.

2. Theory and literature review
2.1. Product monitoring, tracking and communication

Industry 4.0 is a global trend also referred to as the 4™ industrial revolution based on Cyber-
Physical Systems (CPS), Internet of Things (loT), or the Industrial Internet. An important
feature of the 4™ industrial revolution is application of CPS for merging the physical and virtual
world. CPS are systems of computers and networks used for monitoring and controlling
physical processes, usually with feedback loops (Lee, 2008). CPS have developed through three
stages (Hermann et al., 2015). The first generation CPS includes identification technologies



like RFID (Radio Frequency ldentification). The second generation of CPS have sensors and
actuators with limited amounts of functions, whereas the third generation involves CPS that are
network compatible and can store and analyse data.

Sensors is widely used for many purposes, in logistics and transportation for control, object
identification and all kinds of diverse applications areas. A sensor detects a value or a change
in a value, like pressure, temperature, vibration and converts it into a signal (Ondemir and
Guptra, 2008). There is a wide range of functionality of sensors, and they come in a wide range
of sizes and with or without an external power source.

2.2. Sensor technology for improving environmental performance

The attachment of a sensor to a product is not in itself a green technology, due to adding
electronics, materials and possible energy sources to power sensors. This leads to larger
demands for raw materials and energy usage. However, by its function, a sensor may provide
and help facilitate solutions that may improve products environmental performance throughout
the life cycle. The amount of literature available on the use of sensors for improvement of
environmental sustainability impacts appears to be limited. Most of the studies that are
published focus on the use of RFID for improving environmental performance.

CPS and sensors is a way of communicating with products and this communication may provide
opportunities for greener value chains and product life cycles. Through development of new
solutions, sensors and RFID may give access to information that can be used to achieve more
efficient energy use, reduction of CO2 emissions, improved waste control and improved
recycling rates (Duroc, 2012).

The potential for environmental improvements is investigated in an analysis of 13 case studies
of RFID use (Bose, 2011). The case studies were selected from published studies on RFID use
with a strong green objective. By analysing the case studies, the authors found that 10 of the 13
analysed RFID projects have a strong impact on environmental sustainability. The impacts
where reduced by different measures for the different case studies, from reducing the amount
of trips due to improved inventory management (Karakasa, 2007), to reduced traffic congestion
due to faster and automated driver security inspection (O'Connor, 2007).

Integrated sensors may be used for monitoring, detection and prediction of product failures, as
well as estimating the remaining life of product components (Vadde et al., 2008, pp. 91-104).
This may provide a basis for improving environmental sustainability by changing existing end
of life processing. For WEEE (Waste of Electrical and Electronic Equipment) recycling
effectivity may be raised by improved product information and product identification from
RFID technology (Luttropp and Johansson, 2010). In a study of RFID and the recycling industry
(Schindler et al., 2012) two ways in which RFID is linked to the recycling industry is examined,
through the waste handling of the RFID tags itself and through the possibilities for improving
recycling by using RFID tags.

2.3. The 4™ industrial revolution and sustainability

By networks of computers, sensors and actors integrated in materials, equipment, packaging
and machines, industry 4.0 allows customer adapted and differentiated products and new
product-service combinations. It also promotes added functionality, such as shorter time-to-
market and supply-based production, and calls for closer interaction throughout the value chain



(Kagermann et al., 2013). By communication across the traditional boundaries, tracking
product with sensors and collecting data, products, processes and entire value chains can be
optimized in respond to particular demands.

An important feature of industry 4.0 is that analysing large amounts of data, will provide
insights on current situations and is believed to provide an updated basis for decision-making.
Real-time information and visualization of data can be used for improving manufacturing,
innovation or to understand new contexts, possibly faster and easier than before. The initiatives
to provide frameworks for tracking of products in an industry 4.0 perspective is largely debated,
however less effort has been put into addressing the possibilities and opportunities for using
this type of information for improving the sustainability performance. The 4" industrial
revolution brings a new approach that can influence both the social and the environmental
perspective of sustainability. Of particular interest is the social impacts of the future of work,
and as for the green dimensions of sustainability, possibilities for improving resource
efficiency, and improving continuous energy management (Gabriel and Pessl, 2016).

Stock (Stock, 2016) provides an overview of the main trends of the 4™ industrial revolutions,
and list the opportunities it brings for sustainable manufacturing. The possibilities is divided
into micro perspective with opportunities for equipment, humans, organizations, process and
product, and macro perspective with opportunities for business models, value creation
networks, equipment, humans, organisations, process and product. A holistic resource
efficiency, facilitating cradle to cradle thinking and sustainable process design is some of the
main features highlighted.

3. The case study

The case company is an experienced producer of LPG containers. Over 10 million units of their
product is currently in use and represented in markets worldwide. The LPG containers is
produced in six standard sizes and with a propane capacity ranging from 5 to 14 kg. The
containers are designed to operate across all weather conditions from —40 degrees Celsius to
+65 degrees Celsius.

The LPG containers are used for many purposes like recreation (e.g. camping and barbeque),
cooking and heating. How and to what purpose the LPG containers is used varies, and depends
highly on geographical region. In some parts of the world, the containers are used for everyday
cooking and indoor heating whereas in other regions they are mostly used for barbeque and
outdoor heaters. The intervals on which the containers needs refilling is therefore highly
dependent on where in the world the containers are purchased and used.

The case company is a relatively new business, with sparse knowledge of sustainability work
and tools for addressing environmental issues. CSR initiatives has traditionally originated from
customer inquiries. The company's first involvement with systematic sustainability work and
the environmental assessment tool life cycle assessment (LCA) was when customers started to
ask questions about waste management of disposed containers. The LPG containers have a long
lifetime (estimated to be >10-15 years), therefore the waste handling of a large volume of
containers has a relatively long time delay and is a challenge who has yet to come.

The life cycle of the LPG container is complex because of the different types of markets, users
and end of life options available. The LPG container is not sold to end users directly, but rather
to a retailer or gas distributor, i.e. the producer operates in a B2B market. However, customer



feedback is crucial in order to understand costumer requests on end-of-life treatment for the
product, and for maintaining their competitive position by developing and improving their
products.

A simplified overview of the products life cycle is presented in figure 1. The life cycle starts
with the production of the LPG container at the production facility with raw materials bought
from different suppliers. After production, the LPG containers are sold and transported in large
quantities to distributers all over the world. The distributer sells containers to a retailer. The end
user buys the LPG container from the retailer, with gas, and returns it when it is empty in
exchange for a new container. The distributer is responsible for any repair and maintenance of
the LPG container. LPG containers reaches end of life when the distributor find that they are
not functioning in a satisfying way or after a certain amount of time, according to region specific
regulations. In addition, some users are disposing their containers outside the regulated
recycling plan, for instance by leaving them at building sites.

Use

Production End of life

Distribution

T Tt
| b

Raw materials

Figure 1: A simplified overview of the life cycle steps of the LPG container

How the LPG containers are being disposed is highly dependent on in which geographical area
they are purchased. Since this is a relatively new product, to the knowledge of the company,
the largest share of containers are still in use.

Due to this complex use stage for the LPG container and following many options for disposal,
the manufacturer lacks a satisfying amount of knowledge on their product. For the case
company tracking of their products may give

(1) better knowledge on their end users,

(2) provide information on the containers such as service life, maintenance, replacements,
and recycle options,

(3) provide information on the user patterns in different geographical regions, such as
transportation distances, refill frequency etc,

(4) information on the quality of the containers, measure and detect damages, and

(5) provide different types of services for end user, such as two-way communication with
tips for proper handling, warnings when the product is not functioning well or when it
is time for a maintenance check.



4. Proposed areas of application for product data for creating greener business models

There are several motivations for the case company for tracking of products, all not necessary
improving environmental sustainability for the product. The focus of this article is how tracking
may be used for this purpose. Listed below are four areas of application of data obtained from
product sensors, by communication and tracking, which are believed to contribute to enhance
the overall environmental sustainability development of the case company.

4.1. Greener sustainability planning and reporting

The global issue of climate change, as well as other environmental issues, has been given
increased attention during the last decades. The business world is affected by this awareness,
through a substantial increase in the amount of necessary reporting on these issues, demanded
by governments through laws and regulations or by stakeholders. The complexity of this kind
of reporting has also increased together with the awareness, and the access to qualified
personnel for executing this reporting may vary from company to company. Several tools for
addressing the environmental issues and facilitate reporting are developed. Life Cycle
Assessment (LCA) is one of many tools used for reporting and environmental sustainability
planning by companies. However, it is a complex tool and challenges with data availability and
data quality often occur (Reap et al., 2008). Improving data availability and quality, by utilizing
sensor data, may simplify and lighten the work efforts put into this type of reporting.

LCA is divided into four interacting parts; goal and scope definition, inventory analysis, impact
assessment and interpretation. The inventory analysis, the second part, is where data for the
relevant inputs and outputs are gathered and quantified for each phase of the life cycle. Lack of
data with sufficient quality for use and end of life of products is often a problem in life cycle
assessments, and affects the applicability of the obtained results (Baitz et al., 2013, Finnveden
et al., 2009). Results may be particularly sensitive to accuracy of some of the data that are used,
and this leads to strict demands for high quality data. Improved data will not only make LCA
more robust, but also improve its role as a decision making tool. By tracking products and
gaining insight into user patterns, service and maintenance patterns and part replacement
history, data improvement may be feasible, and provide more robust LCA results.

Besides the authority and governments demands for environmental reporting, the case company
has received inquiries from customers to respond to such requests. Increased knowledge on
environmental issues for their products is necessary. There may also be strategical benefits in
increased environmental knowledge on their product, as more and more consumers is concerned
with environmental issues. It will be a competitive advantage if they can promote their product
as the greener choice.

4.2. Greener design and product innovation

Ecodesign appeared as a term in the 1990s as an approach to achieve more environmental
friendly products. The concepts embrace a broad spectre of design approaches, ranging from
tools for improving particular aspects of a product, to system approaches aiming at radically
reduce resources and energy necessary to solve tasks in society (e.g. running an office, or
providing drinking water to a city). Around 2000 the term Design for sustainability was
established to embrace environmental, social and economic aspects of product and service



systems. The United Nations Environment Programme argues that design and innovation is a
key to creating change in a sustainable direction (UNEP, 2009).

The point of departure for industrial design is the end user, on an aggregated level for example
ergonomic or through deep user insights. Insights are achieved through interviews,
observations, experiences or through co-designing with the users (Sanders, 2008). Most design
methodologies are based on qualitative studies of a very limited group of users.

In design research, the aim of design for sustainable behaviour is to create products in such a
manner that they are supporting greener choices and use of products. A simple example is water
kettles with choice of 80, 90 and 100 degrees Celsius. Such a design approach requires insights
into how users are actual using a particular type of products, for an LPG container this can be
information on containers that are not returned to a distributor for proper end of life treatment.
Data generated through sensor might amount to insights into different user habits and use-
patterns, that are more or less environmental efficient. The analysis can itself constitute a point
of departure for product improvements or motivate a more in-depth study of users in a particular
market.

Many manufacturing companies that do not have control over the distribution chain are finding
it difficult to obtain information on end users. After leaving the factory gate, the products are
handled by several other actors before reaching the end user. In some value chains information
on the user stage reaches the manufacturer, at least through complaints and mistakes. However,
for other value chains information exchange is very limited, due to lack of motivation for
sharing knowledge (for example the food retail sector) or lack of understanding of what
information that is important for developing greener solutions. Sensor data might provide
information on use patterns, which can support design for sustainable behaviour.

Manufacturing companies often receive complaints and information on malfunctioning
products. Sensor aggregated data might offer some explanation to why the product failed and
thereby support the design process. In design processes applying user observations and
interviews, sensor-generated data might correct any biases caused by small number of users
studied. Finally, sensors might generate relevant insights and information when direct contact
with users are difficult. In general, insights aggregated from sensors is believed to provide
useful information, in particular in combination with other data. However, to develop more
disruptive sustainable solutions, insights into user practice and behavior are also necessary
(Pettersen, 2016).

4.3. Greener process innovation and improvement work

The 4™ industrial revolution can be seen as a transformation towards CPS enabled
manufacturing and service innovation (Lee et al., 2014). More software and embedded
intelligence integrated in industrial products enables improved monitoring of systems, which in
its nature may contribute to improved environmental performance of the products due to
potential energy savings, resource efficiency and waste reduction throughout production. An
example of such savings is internally cooled tools, which may reduce energy use (Stock, 2016).
Keeping track of machine health may prolong its lifetime, avoid production stops, repairs and
replacements. Product control may also provide basis for a backwards reasoning through using
product quality to analyze the machine condition (Lee et al., 2014).

Advanced countries with an economic base in the manufacturing industry is experiencing the
increasing competition due to globalization and emerging markets. This has led to an increased



focus on combining product, services and support for keeping the competitive advantage (Lee
et al., 2014). By combining multiple functionalities in one product, the pull on resources may
be decreased due to the replacement of multiple products with one product. A shift towards
selling functionality and accessibility of products instead of selling only products may
significantly lower environmental impacts (Stock, 2016).

As for the case company, introducing a product in an existing market, competing with solutions
that has been on the shelf for decades, with new materials and material combinations is a
challenge. The company has validated test methods for durability and impact, but the market
has defined 10 years as guarantee period for this relatively new product. Thus, the company
wants more product information throughout the use phase to both learn more about user patterns
in order to improve next generation products, but also to in real time be able to withdraw
products from the market if wear, usage, impact etc. overdue certain threshold limits. Such a
two-way communication between producer and customer can inhibit unwanted incidents as
well as extend the product lifecycle. Another option, seen from the manufacturing view, is to
better predict future market demand, knowing with increasingly precision where and when the
demands occur.

4.4. Greener waste handling - Closing the loop

A part of moving towards a sustainable society and limiting the temperature increase caused by
global warming is reducing the emissions of greenhouse gases. A large share of the emissions
is caused by production of goods and services. An escalation in the depletion of virgin resources
is seen due to increased customer demands for new products. This is especially true for
electronics. This is a threat to the environment for several reasons. Mining and extraction of
virgin materials is often associated with several environmental consequences, increased CO>
emissions, toxicity for humans, ecosystems on land and water and other emissions to air to
name some. Besides the problems already mentioned, a decrease in availability for several
virgin metals leads to a need for an improvement of take-back systems for products after service
life. It is crucial to reduce the draw of primary resources, and keeping materials and resources
in the loop, i.e. a shift towards a circular economy. Information on what happens with each
product after its main purpose is fulfilled is essential for achieving this.

One way to simplify end of life systems is to make decisions based on acquired product
information from monitoring devices (sensors) embedded in the products. Tracking of products
may give information on products that can enable correct waste handling, ensure proper
handling of products with safety issues (explosive gas), simplify and facilitate sorting and
recycling. This may provide basis for a larger degree of take back of materials and easier
sorting, which is a huge step towards closing the material loop. Thus, acquiring product data,
both product information and data from the product's useful life, has become important for
product manufacturers (Ondemir and Guptra, 2008).

What kind of end-of-life treatment a product should be subjected to depends on the original
design of product, but also several factors influenced by its use; environmental conditions (hot,
cold, dusty, moisture), maintenance frequency, upgrades and other use conditions (Ondemir
and Guptra, 2008). Sensor technology may fulfil the mentioned needs for information.

For the case company information provided by attaching sensors may be used for designing a
framework for region specific end of life recommendations that may be communicated to their
customers (the distributor). Information provided may simplify decisions on whether or not the



LPG containers can be used longer or if they should be disposed. It is possible that fully
functioning containers is disposed because of strict regional regulations on LPG containers, due
to safety issues. More product information may be used to avoid this and ensure that containers
that should not be used is taken out. The information may also be used to make decisions on
whether or not the problem may be fixed by repairing or replacing parts rather than disposal of
the container. This is beneficial from a resource perspective.

Other valuable information that may be reported back is statistics on how many containers that
reach end of life and how many is lost in the use stage. Information from the manufacturer may
also be used by end of life actors to decide which disposal option to choose. Today, an increased
complexity of products is often seen, with more and new materials and material combinations.
Tracking gives the possibility for integrating this type of information in the container, and
making it available for the end of life handlers.

5. Results and Discussion

There are several issues associated with the implementation of sensor technology and carrying
out the planned case study. Some of the issues detected are discussed below.

Data security

The adding of a sensor that may be used for communication and tracking of a product after
factory gate is complicated due to issues regarding data retention, security and customer
privacy. It may be argued that the privacy of the user is threatened, and therefore the ethical
dimension of product surveillance must be carefully considered before carrying out the case
study. Factors affecting consumer acceptance and privacy issues of the usage of RFID
technology has been investigated in earlier work (Hossain and Pyrbutok, 2008). They found
that, on the contrary to prior literature, the privacy issues is not significant and give two possible
explanations for that; (1) Customer does not know that their privacy is threatened due to the
nature of the technology implementation, and (2) the customer does not pay much attention to
such issues. They also provide a third explanation, which is based on the technology growth we
are witnessing today that may lead to a change in people's perceptions about privacy issues.
The perception of the degree of privacy problems also varies with personal tolerance (culture)
and the purpose of the specific sensor (Ohkubo et al., 2005).

One way of assuring the security for the user is to hide part of the information stored. Users
may also be given an option to remove or kill/partial kill sensor function as a step towards
assuring the privacy and security of the user (Schindler et al., 2012).

Technological challenges

Choosing the best suited technology is a complex issue, several aspects must be taken into
consideration. By using only tags to monitor the containers, one is dependent on the readers to
read and store data. Adding sensors that are more complex will be more costly, but also add
weight to the product. Depending on what the purpose with the tracking is, and the physical
challenges with size and external electricity source, an in-depth analysis of the pros and cons
of different technology options should be performed.

Time delay for products with long lifetime

For products with a long life, there is a time delay between the product development and end
of life, which might limit how the company can utilize the data. As for the case study, the
lifetime of the LPG containers is highly uncertain. It is however, assumed that the container
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may be used for 10 to 15 years. This may lead to a delay on available information on end of life
treatment and maintenance. It is likely that the design and development process has changed
significantly during the last decade, and thereby impairing the value of the data for these
processes as well. Although the value of some of the data diminishes with time, this is not true
for all the application areas. Real-time communication with the product may add value to the
consumer and give useful information to the manufacturer.

The environmental footprint of the sensor

The attachment of sensor technology to a product leads to increased material, energy and
resource use associated with the product. The increased use of raw materials for producing the
sensor, and a possible energy need for operating it, will contribute further to a negative impact
on the environment, and increase the overall environmental footprint of the product. The
addition of a sensor will also possible further complicate the final disposal of the product, by
introducing more materials, complex structures and possibly detachment issues. For this reason,
the addition of a sensor to improve environmental performance should be weighed against the
material challenges the recycling of the product (and sensor) introduces (Schindler et al., 2012).

6. Conclusion

The implementation of sensor technology on existing products provides opportunities for better
control of products throughout the use stage of the life cycle and into the end of life stage. It
may be argued that this is in itself a way of making the products footprint greener, since
information and knowledge on the whereabouts is a foundation for making environmentally
preferable decisions. However the addition of electronics, materials and possible an external
electricity source in sensors lead to a larger pull on resources. The need for a sensor and the
possibilities for utilizing the gathered information should be carefully weighted towards the
increased resource use associated with the sensor.

However, the opportunities associated with sensor technology for improving environmental
performance are numerous. Through increased knowledge that can be utilized in the product
development and innovation phase, in process development, sustainability planning and
reporting, and for end of life decisions, sensors have a large potential for minimizing
environmental footprints of products.

For the planned case study, it is likely that product communication may add value for customers
(both distributors, retailers and end-users) and for the manufacturer. The gained insight to the
products after factory life, will strengthen the decision basis for product development and end
of life treatment, and provide foundation for, and strengthen the data for environmental analysis.
Documenting their products environmental impacts, in a business that is not largely concerned
with CSR issues, may be a competitive advantage.
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Abstract

Intellectual property is of vital importance to high-tech manufacturing enterprises, latecomers
in industry could easily be attacked by their international competitors in IP because of their weak
positions, and sometimes these strikes are fatal. Two rising emerging multinational manufacturing
enterprises encountered similar challenges from IP in the process of internationalization, with their
different ways addressing the problem, they’ve took distinct path of development. The lawsuit
with Cisco served as a watershed for Huawei’s development of IP, from then on, Huawei
developed its IP systematically and rapidly. Through more than 10 years’ hard work, Huawei have
become one of the IP giants of telecom industry. However, the lawsuit with Apple made HTC
stuck in the mire of IP, and now HTC has nearly reached the verge of bankruptcy.After careful
investigation, we view that, when facing challenge from IP, Huawei’s countermeasures and
long-term developing strategy were exercises of dynamic capability, its successful development of
IP was based on its ability to align environmental change with internal reconfiguration; what HTC
has done was just ad hoc problem solving. Through comparative case study, this paper endeavor to
emphasize the importance of dynamic capability for a company to earn sustainable competitive
advantage and refine the theory of dynamic capability perspective.
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Abstract:

Management transformation in the financial management area has contributed significantly to
the competitiveness of Huawei. Four Standardizations was the first large-scale financial
management transformation project implemented in the company from 1998 to 2007. In 2007,
Huawei started a more ambitious Integrated Financial Services project with assistance from
IBM consultants, which lasted until 2014. This chapter documents the background,
motivation, activities and impacts of these two financial management transformation projects
and discusses Huawei’s experience in successfully implementing management transformation
in the financial area. It also highlights that Huawei’s employee ownership and financial
management strategy with its own characteristics determine the focus of the financial
management transformation projects.

Key Words: Emerging multinationals (EMNC); Huawei; Financial management
transformation; Integrated financial services; Employee stock ownership plan

1. Introduction

Huawei was established in 1987 in Shenzhen as a sales agent for Hong Kong companies that
produced Private Branch Exchange (PBX) switches. In 1991, Huawei entered the
telecommunication industry with its own Research and Development (R&D) capability. Since
then, Huawei has committed to continuously innovating based on the core value of staying
customer-centric and inspiring dedication. After nearly 30 years of rapid development,
Huawei has become a global leading Information and Communications Technology (ICT)
solution provider (Huawei, 2016a). In 2015, Huawei’s revenue reached USD 60,839 million
with its products and services used in more than 170 countries (Huawei, 2016b). During this
process, Huawei continuously engaged in management transformation. The company
launched a number of large-scale transformations, such as Integrated Product Development
(IPD), Integrative Supply Chain (ISC), and Integrated Financial Services (IFS) to improve its
management efficiency. The Integrated Supply Chain management transformation represents
the efforts in improving management of tangible assets, while the financial management
transformation indicates the endeavors in improving management of intangible assets
(Mudambi and Puck, 2016). Because IFS was a relatively recent transformation that merely
concluded in 2014, existent studies on Huawei have yet document these changes.

Our study is centered on two major financial management transformation projects that were
implemented in the Huawei history, that is, the Four Standardizations project (1998-2007) and
the IFS project (2007-2014). What has been transformed in these two projects are not
primarily the ways that Huawei conducts investment and financing decisions, which are
typically two main functions of the financial department of a company (Brealey et al., 2011),
but the financial accounting practices of the company. The reason for this focus lies in the
ownership of the company and the leadership’s management philosophy.

Huawei is a private company wholly owned by its employees. The Union of Huaweli



Investment & Holding Co., Ltd and the founder and CEO Ren Zhengfei own the company. As
of December 31%, 2015, through the Union, 79, 563 employees participated the Employee
Shareholding Scheme. Ren Zhengfei is the individual shareholder of the company and also
participant of the Scheme. However, in total he only held nearly 1.4% of the company’s total
share capital (Huawei, 2016b). Equity financing, that is issuing stocks to the employees, has
been a major channel of raising capital since the company’s foundation and debt financing
was only supplementary (Peng, 2016). Therefore, financing decision making process was not
overhauled in the company’s history. Since the early stage of the company, Ren Zhengfei has
held a view that Huawei’s financial management should not only support business growth and
expansion, but also control for risk and supervise business activities. He opposed using
project returns as an indicator to make investment decision but highlighted the supporting role
of financial management system in the company (Huawei, 2016¢; Peng, 2016). As Huaweli
applied this principal consistently along the years, the investment decision making process
has yet been the focus of the two major financial management transformations. Nevertheless,
Huawei’s financing and investment activities greatly contributed to the success of the
company, which we will discuss in more detail in Section 7.

The first large-scale financial management transformation project, Four Standardizations, was
carried out in the period 1998-2007 with the goal of standardizing financial processes,
policies, accounting subjects and control systems. A more ambitious IFS project was launched
in 2007 and concluded only in 2014 to connect the business process and financial process.
The IFS project was considered by the Huawei top management team as a measure to upgrade
the financial management capability of company, address the internal operation risk and
management inefficiency and mitigate the external competition pressure. The project as a
whole was divided into two stages, IDS | and I, which were designed to connect the financial
and business departments to make the accounts accurate and establish responsibility centers
and build up project financial management capability, respectively. Similar to other
management transformation projects, Huawei focused on forming new processes, reforming
organizations and developing new IT tools in the IFS project, which can be considered the
output of the project. The process, organization and IT tools reinforced one another and
contributed to the success of the IFS project.

The classical financial management and international business theory argue that because
Multinational Enterprises (MNESs) operate in the countries with different market and
regulatory environments, the key requirement for their success is the ability to maximize the
returns from arbitrage in terms of the movement of goods and services. Financial management
which regulates capital movement thus has to mesh with supply chain management which
administers movement of tangible goods and services to maximize performance
(Dunning,1977; Mudambi, 1998). The financial management problems that Huawei
encountered in the course of growth and internalization and the solutions that it adopted to
mitigate the problems can be explained by the classical theories.



However, Huawei’s financial management clearly possess its unique feature. For example,
financial management completely serves the overall business strategy. Investment decision is
not made by comparing the returns of various projects, but based on the strategic importance
of the projects to the core business of the companies. This principal has not changed since the
foundation of the company. Financial department plays a supportive role in business
development, but importantly also serves as monitor and controller of business development.
The project and division leaders need to acquaint themselves with financial management
knowledge and the financial managers have to understand business. We will analyze how
these principles and rules affect the financial management transformation in Huawei in the
next sections.

We collected materials from a number of public sources such as academic journals, news
reports, official websites and Huawei annual reports for this study. We also interviewed
several former Huawei senior executives regarding the financial management transformation.
We organized the rest of the chapter as follows. In Section 2, we introduce the first financial
management transformation in Huawei, Four Standardizations. Section 3 presents the IFS
background. Section 4 introduces the two stages of IFS and highlights several key
sub-projects at each stage. Section 5 discusses how Huawei promoted IFS, Section 6
documents the contribution of IFS to the overall performance of the company and Section 7
discusses the financing, investment and acquisition activities which are important parts of
financial management of Huawei. Section 8 concludes.

2. The First Financial Management Transformation Project-Four Standardizations

After several years of high-speed growth since its foundation, the low level of management at
Huawei appeared to be a bottleneck for the continued growth of the company in the
mid-1990s. In 1995, CEO Ren Zhengfei invited five professors from Renmin University of
China as consultants to improve its management. The joint efforts of the professors’
three-year long consulting work and the involvement of the Huawei leadership resulted in a
management principle document titled with “Huawei Basic Law”, which contains six chapters,
103 articles and 16 thousand words. The Huawei Basic Law clearly presents the objective,
strategy, organization, human resource management, control system and formation of
leadership of the company, which represents the collective wisdom of the leadership of
Huawei on a series of strategically important management issues. In January 1996 all
managers of the sales department were convened in the headquarters in Shenzhen for an
annual retreat. In the retreat they were required to submit a personal annual report in addition
to a resignation report. These managers were then evaluated and more than 30 percent of the
managers were replaced by new managers who were more ambitious and energetic. This
forced turnover reduced cronyism and increased professionalism of the sales department and
laid foundation for the further market expansion of Huawei. Management transformation was
not limited to the sales department only.



In 1998, 11 years after the founding of the company, Huawei employed more than 8,000
employees and generated USD 720 million revenue. In the same year, Huawei hired IBM
consultants to guide two large-scale management transformation projects—Integrated Product
Development and Integrative Supply Chain transformation. As these two projects unfolded,
Huawei also invited several consulting companies to bid for consulting project to reform its
financial management, as an important part of the concerted efforts in improving overall
management efficiency of the company. The Klynveld Peat Marwick Goerdeler (KPMG)
presented a method called “World Class Finance” in the bid and attracted the attention of the
leadership of Huawei. Huawei finally chose the KPMG to undertake the project and later
KPMG became the auditor of Huawei in 2000.

KPMG assisted Huawei to conduct its first management transformation project in the
financial area, which is called Four Standardizations, including standardizations of the
financial processes, policies, accounting subjects and control systems. In the high-speed
growth period of the mid 1990s, Huawei’s provincial representative offices managed their
own finances. The chief representatives hired financial staff in their offices. Accordingly, the
financial staff reported to the chief representatives instead of reporting to the headquarters.
The weakness of this model was lack of control and monitoring by the headquarters. For
instance, in several regional representative offices, such as the Hunan Office and Sichuan
Office, financial staff embezzled money from the company (Peng, 2016). In addition, because
of lacking standardized financial processes and accounting subjects, reimbursement and
auditing processes were also very slow. It also caused difficulty in using the Enterprise
Resource Planning (ERP) software that Huawei purchased from the Oracle company in 1997.

The root of the crisis-of-control lies in the decentralized organization structure that Huawei
had in the mid-1990s. This structure allows Huawei to expand rapidly by offering the
managers of representative offices great autonomy and incentives. However, the leadership of
Huawei felt that they were losing control over a highly diversified field operation, in which
managers of representative offices had authority over a broad range of issues including
financial management. Freedom in this organization structure also bred a parochial attitude in
the company (Xu, 2016). The solution to the decentralization problem can be establishing
program of control and review for field managers in the headquarters and carefully weighing
and parceling out capital expenditure across organization (Greiner, 1997). The ultimate goal
of the Four Standardizations project was exactly in line with this theoretical reasoning. It
aimed to strengthen the headquarters’ control over front-line managers and employees to
prevent corruption and misconduct, while at the same time the headquarters had authorized
them to make important decisions over business activities.

To develop a set of standardized financial processes, policies, accounting subjects to form a
control system, the Four Standardization project team first researched and developed the new
processes and policies in the Shenzhen Headquarters. Subsequently the project team
conducted a pilot project in Changsha, where financial staff once embezzled fund of the
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company. After the pilot project succeeded in Changsha, the process and policy was diffused
to the whole company. However, the responsibilities of financial management were not taken
back to the headquarters in Shenzhen once for all. They were first taken back to the regional
offices which managed a large geographical area, normally encompassing several provinces.
For example, the financial management responsibility in the Northeastern, Northwestern and
Central China area was taken to the regional offices located in Shenyang, Xi’an and Changsha,
respectively. Only two years after the reform, the responsibility was taken back to the
headquarters in Shenzhen.

To strengthen financial management and control, Huawei later established accounting shared
services centers. Shared services center is the entity responsible for executing and handling
specific operational tasks, such as accounting, human resources, IT, legal affairs, compliance,
purchasing, security and so on. Shared service centers are established for a variety of reasons,
including cost reduction and service improvement, focus on core business, more control and
transparency of cost, better performance of staff, elimination of redundant functions and so on
(Janssen and Joha, 2006; Su, et al., 2009; Minnaar and Vosselman, 2013). Later when the
integrated financial service transformation was launched in 2007, Huawei established seven
global accounting shared services center, following the model and logic of establishing shared
services center in China.

Huawei adopted several measures to facilitate the implementation of the Four
Standardizations project. First of all, the same as in the other major management
transformation projects, the CEO Ren Zhengfei is the key architect and proponent of the Four
Standardizations project. Secondly, Huawei appointed the directors of the departments which
are directly involved in the transformation as the project leaders. The responsibility of the
transformation would accordingly fall on the shoulders of the department directors, which left
them no chance but embrace the transformation. Before the Four Standardizations project was
launched in 1998, many financial managers in Huawei were middle age people. The
leadership of Huawei believe that these middle age managers were not equipped with
state-of-the-art knowledge and had little experience with the advanced financial management.
Before the Four Standardizations project, they were replaced by young managers who just
graduated from universities, had no vested interest in the old system and presented no
resistance to change proposed in the Four Standardizations project (Peng, 2016). Last but not
the least, the gradual approach of taking the responsibility of financial management from
provincial representative offices to regional offices and later to the headquarters also
minimize the resistance to the transformation.

Scholars argued that routines, which is the ways of doing things in an organization, can
provide a source of resistance to organizational transformation (Edmondson et al., 2001).
There are multiple reasons which can explain why routines persist. The first is that learning
and re-learning routines incurs cost, which leads to tendency to adhere to prevailing routines.
The second is that departure from established routines provokes heightened anxieties and
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stakes among members of the organization, for example, between managers and workers or
managers and managers. Conflict can ensue amid organization transformation. Therefore, it is
reasonable to avoid organization change by sticking to the established routines (Nelson and
Winter, 2002). However, research found that the people of authority, such as project and team
leaders, can influence routine change by coordinating the collective learning process
(Leonard-Barton and Deschamps, 1988; Edmondson et al., 2000), and stable teams may
become slaves to routine and fail to respond to changing conditions (Katz, 1982). In line with
these theoretical arguments, Huawei’s leadership unconditional support to the Four
Standardizations project and replacement of managers in the financial department ahead of
the project paved way for the successful implementation.

Four Standardizations, as Huawei’s first major effort of management transformation in the
financial area, established the foundation for the company’s sustained growth in the domestic
market and subsequent expansion in overseas markets. In 2003, soon after Huawei entered
overseas markets, Huawei began promoting financial standardization in overseas subsidiaries.
The effort to standardize the financial system in overseas subsidiaries lasted until the
beginning of IFS in 2007.

3. Background of IFS
3.1 Development of the Telecommunications Industry

By the time Huawei launched the IFS transformation in 2007, the global telecommunication
industry had undergone a continuous rapid development period (ITU, 2006). To integrate the
large scale of R&D resources and prepare for the fundamental change in the
telecommunications industry, a series of mergers and acquisitions occurred starting in 2006.
The most salient case was the Lucent Technologies and Alcatel merger in 2006, creating a
company that was worth USD 36 billion and employed 88,000 individuals (IPTV News,
2006). The communications businesses of Nokia and Siemens also merged in 2006,
establishing Nokia and Siemens Networks, which began operating in April 2007. By the end
of 2007, the global telecommunications market was substantially consolidated. Huaweli
leadership witnessed this trend and believed that the consolidation of the global
telecommunications industry will lead to intensifying competition and a tougher market
environment for the company in later years. Huawei’s top management felt it was necessary
to prepare the company for the increased competition. The IFS transformation was launched
not only as a measure to enhance the internal management capability but also a way to
mitigate the external risk.

3.2 Operation Risks

In 2006, sales in overseas markets accounted for 65% of the total sales revenue of the
company, which represents that Huawei became a truly multinational enterprise, not just a
company with international business. Huawei’s overseas sales increased from virtually zero in
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1999 to USD 11 billion in 2007. The company successfully attracted more customers and
earned more contracts outside of China. Some of these new contracts were turn-key projects
which involved a significant amount of engineering work, including building towers and
digging ditches. For some of these contracts, the revenues of the engineering projects were
even greater than that of equipment sales. Previously it had been relatively easy for Huawei to
estimate whether it would make profit from the equipment sales because Huawei produced
the equipment and the company’s Enterprise Resource Plan (ERP) system would clearly
indicate the profitability of the equipment sales. However, it was very difficult for Huawei to
calculate the costs of the engineering project. The geographical condition, labor cost and labor
regulation varied greatly in different countries, which required Huawei to conduct financial
management at the project level. In other words, the transformation of Huawei’s business
activities required transformation of Huawei financial management.

In addition, revenue recognition has also been an issue for Huawei when undertaking
engineering projects. For equipment sales, revenue recognition was completed when Huawei
received a Preliminary Accept Certificate (PAC) from customers after delivery. However, the
delivery process in engineering projects is complex and can be a prolonged process. The
financial staff at Huawei were not able to determine when the delivery was completed and
when the PAC was received. Hence, they were not able to manage the accounts correctly. The
variation in definition of revenue recognition caused inaccuracy in the financial data. Some
business departments took advantage of this inconsistency to manipulate the financial data.
Because of the weaknesses in project financial management, Huawei incurred losses with
engineering projects, such as those in Brazil, Egypt and Pakistan (Peng, 2016). It became
necessary for the company to take measures to contain the risk associated with engineering
projects.

Another source of operation risk came from the lack of information of profitability from
overseas contracts. In an internal meeting in 2007, Ren expressed his concerns: “We do
receive a number of large overseas orders, but | do not know whether they are profitable” (Li,
2009). Before 2007, the role of the Huawei financial department in overseas markets was
largely supportive, such as issuing audit reports. Although the Huawei financial department
had already begun to conduct cost accounting in 2000, it was not involved in budgetary
estimation of project. It indeed made budget, but the budget was not linked to planning of the
engineering project. The financial staff did not know how to manage a profit center and had
little knowledge about business processes. The financial department was more of a staff
function instead of a strategic function to the company. As a result, they made errors and
caused conflicts between the financial and business departments. The Huawei top
management realized that if the financial department wanted to correctly estimate the
accounts and profitability of the contracts, the department needed to be closely connected to
the business departments. For instance, although Huawei had already had delivery project and
marketing management processes in place before 2007, the involvement of financial
department in the business process was insufficient and did not make the necessary impact.



3.3 Financial Efficiency

As Huawei entered more countries and gradually established its image as a credible
equipment supplier, the company began to earn trust from large leading customers such as
British Telecom, Telecom Italia, Mexico Telecommunications and so on. Around 2006, the
value of contracts that Huawei acquired overseas became significantly larger than those
obtained in the initial stage of internationalization. As the amount of purchase orders and
contracts increased, Huawei began to feel cash flow pressures. The cash reserve that the
company had to prepare to deliver high-value contracts presented a financial challenge. In
addition, the risk associated with the possible bankruptcy of customers who signed large
contracts or delayed payment also became an issue that Huawei was not able to ignore. As a
result of the insufficient capabilities in financial management, the operating profit margin of
Huawei dropped from 2003 to 2006 (Figure 1). In the initial stage of internationalization—for
example, from 2000 to 2004—Huawei was able to use the profit earned in the domestic
market to subsidize its operations in the international market. However, approximately in
2005, as the volume of its international sales surpassed that of the domestic market, Huawei
stopped using this strategy; it became obvious that the company needed to transform its
financial system to sustain further growth.

( Insert Figure 1 Here )

4. The Second Financial Transformation Project-Integrated Finance Services

To address the financial management challenge, in 2007, Huawei CEO Ren Zhengfei wrote a
letter to Samuel Palmisano, the then-CEO of IBM, and asked whether IBM would be able to
help Huawei transform its financial system to improve the company’s processes and
management (Li, 2009). Different from the process of selecting the KPMG to undertake the
Four Standardizations project, Huawei did not invite other companies to bid for the project
this time. Huawei only invited IBM mainly because IBM helped Huawei transform its
product development and supply chain management. The leadership of Huawei realized that
because the product development, supply chain and financial management are inter-related, it
would be more effective to consult IBM to connect financial system to the business process
which IBM had helped transform, than to seek advice from other companies (Peng, 2016).
Ren Zhengfei admired IBM for its management system and expertise which sustained its
business development for more than a century. He believed that the most valuable asset of
Huawei is its management system established and improved through a series of large-scale
transformation projects. He wanted Huawei’s management system could play a role similar as
IBM’s in the company development (Huawei, 2016c). Palmisano accepted Ren Zhengfei’s
invitation, and the IFS transformation began in 2007.



The “Integrated” in Integrated Financial Services indicates that the transformation aimed to
connect the financial and business departments, including R&D, marketing, sales and supply
chain management and so on. “Finance Services” means that the financial department would
provide services to the business departments. If the Integrated Product Development can be
observed as a management transformation project to link R&D and marketing and sales, IFS
can be considered a project to improve the synergy between the financial and business
departments. Its implementation can be divided into two stages: IDS | and IDS Il. In both
stages, IFS consisted of dozens of sub-projects that were carried out in parallel.

4.11DSI (2007-2011 )

IDS | began in 2007 and ended in 2011. The main purpose of the transformation at this stage
was to connect the financial and business departments. It was expected that the connection
would enhance the accuracy of the financial reporting or, in other words, correct the account
information. In the IDS | stage, the IFS transformation consisted of a number of major
projects. We introduce the Opportunity to Cash, Procurement to Payment, Shared Services
Center and Information Technology projects in detail due to the limited space.

Opportunity to Cash (OTC): The main purpose of this cross-functional project is to connect
the financial and business departments to address the revenue and payment confirmation
issues and expedite cash flow into Huawei. Four new policies were adopted in the OTC
project to meet the project objective. First, the contracts were standardized. The basic
elements of the contracts, payment conditions and delivery process were clarified. Second,
credit management was carried out throughout the process of fulfilling the contract. The
solvency of a customer was examined before signing contract, each delivery and installation
of equipment and payment. In this new process, the credit of the customer is evaluated and
recorded systematically in Huawei’s financial system, which will provide reference for future
business relationship with the customer. Third, the delivery and invoicing process was
optimized. It was decided during the implementation of OTC project that delivery by Huawei
should generate invoicing by the customers. Therefore, in the new process, the Huawei
employee who delivers equipment to the customers should write report and submit to the
customer. According to the contract, upon receiving delivery report, the customer should
invoice Huawei. Fourth, the systematic management of accounts receivables was established.
For example, the measures were defined to address the customers’ concerns to facilitate their
payment.

We use a standardized contract as an example to illustrate the concrete measures that were
adopted in IFS. The standardization of contracts was the solution recommended by the OTC
project team to tackle the issue of revenue recognition discussed in Section 3.2. It is suggested
that the revenue recognition be clarified in the contracts. If Huawei was not responsible for
equipment installation after delivery, according to contract, revenue recognition would then
occur upon delivery. If Huawei was responsible for equipment installation as well, revenue
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recognition would occur after the installation was finished.

As an important measure to expedite the cash inflow to Huawei, the OTC project team
recommended adopting the concept and measures of Minimum Delivery Unit (MDU) and
Minimum Payment Unit (MPU). Before IFS was implemented, the payment for a typical
contract of Huawei was always divided into several stages, including, for example, one
payment after the contract is signed, one payment after the first delivery, and so on. As
discussed in Section 3.1, however, the value of the contracts that Huawei earned in the
overseas market had increased substantially in around 2006. Therefore, the account
receivables increased substantially as well. This posed a risk for Huawei’s operation and
became a challenge that the IFS needed to address. The IBM consultant and Huawei IFS team
generated a solution, which was to define the MDU and MPU of a large contract and use them
to divide up the large contract. For example, for the Private Branch Exchange product, before
the MDU and MPU principle was adopted, pricing was based on plate which includes various
parts. In line with the new principle, pricing became based on smaller units, that are parts.
With smaller units of delivery and payment, Huawei’s operation risk was significantly
reduced (Fan, 2016).

Procurement to Payment (PTP): This project aimed to improve the management of
purchase orders and payments to suppliers and strengthen the connection between the
financial and procurement departments. The system established in the project reminded
Huawei staff members to pay suppliers in a timely manner, therefore helping Huawei
establish an image as a credible partner. The system also reminded suppliers to issue invoices
to Huawei on time. The improved management of purchase orders and payments to suppliers
contributed to a healthy ecosystem surrounding Huawei. In addition, this project connected
the procurement and payment processes, which ensured the accuracy of the procurement data
and helped Huawei strengthen internal control. Before the project was implemented, the
procurement department had a full say in choosing suppliers and the certification of suppliers.
After the implementation, the financial department became involved in the process, which
reflects the Huawei leadership’s long-lasting view that financial department should be able to
play a controlling role when the business developed rapidly.

Shared services center: The goal of this project was to establish accounting shared services
centers across the world following successfully setting up similar centers within China when
implementing the Four Standardizations project. A pilot project was conducted in Malaysia
before the project rolled out to the rest of world. By 2009, seven accounting shared services
centers were established. They were located in Argentina for the Americas; the United Arab
Emirates (Dubai) for the Middle East; Romania, Poland and the UK for Europe; Mauritius for
Africa; and Malaysia for the Asia Pacific region (Fan, 2016; Peng, 2016). Different from the
shared services centers of other multinational corporations whose functions are to save on
costs and improve efficiency, the sharing centers in Huawei were more actively engaged in
central accounts, cash management and, importantly, acting as a centralized control center.
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Information technology: The management tools based on the IT system are deemed by
Huawei critical for the successful implementation of management transformation projects
because once the new processes were defined, the staff needed to use new tools to implement
the processes. This project aimed to develop management tools based on the IT system. The
Process and IT Department of Huawei which employed several thousand staff was deeply
involved in this project. A couple of dozens staff from this department worked closely with
the staff from the financial department to co-develop an architecture of the IT system to
facilitate implementing the new financial and business processes. The financial staff and IT
staff were also the core members of the IFS change management project which is discussed
below.

421DS 11 (2010-2013 )

IDS 11 started in 2010 and ended approximately 2013. The primary objective of IDS Il was to
define the responsibility center and implement financial management at the project level. It
was decided during the IDS Il stage that the regional markets and product lines are both
responsibility centers. However, regional markets are primary responsibility centers, but the
product lines are secondary centers. The delivery and supply chain departments were defined
as cost centers. Other departments were defined as expense centers. IDS Il also included
dozens of projects. Here, we introduce two sub-projects as examples: Reporting Analytics and
Project Financial Management.

Reporting Analytics (RA): The primary tasks of this project were twofold. The first is to
clarify the responsible departments and the cost and expense centers, respectively. Huawei
established profit centers in 2006. Afterward, every product line claimed itself as a profit
center. However, the financial management was not sufficiently effective to calculate the
profit and loss of each product line. In 2010, it was decided in the IDS Il stage that Huawei
should establish a true responsibility center. A question immediately emerging in the
discussion was whether a regional market or a product line should be considered a
responsibility center. Both offices (departments) wanted to be considered a responsibility
center, but only one could be the primary responsibility center. The final decision was that
regional markets are primary responsibility centers and product lines are secondary centers,
based on the argument that staying customer-centric is the core value of Huawei and that the
regional market is closer to the customers than the product line.

Another question being clarified in the Reporting Analytics project is whether the
manufacturing department and supply chain management department can be considered profit
centers. In the initial discussion, these two departments proposed to become profit centers.
However, the proposal was rejected by the Huawei leadership because if there were too many
profit centers established in the company, conflicts would ensue among them. A hypothetical
case is that when a contract is signed, the revenue would be separated by product lines if each
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of them acts as a profit center. As long as one of these centers is not satisfied with its share in
the total revenue, it would reject the contract that would be otherwise valuable for the
company as a whole. With this reasoning, the Huawei leadership decided to establish the
manufacturing department as the cost center, and from then, they only needed to be concerned
with the cost savings.

Project Financial Management (PFM): The project is a crucial step to upgrade Huawei’s
financial management capability. After the project was implemented, project became the basic
unit of management of the Huawei company and project team became the basic organization
of the company. Huawei was able to discern which project was profitable and thus greatly
reduced the operation risk and enhanced management efficiency. There are three major
differences between the project financial management before and after the PFM project was
implemented. First of all, before the implementation, the budgetary estimate of project was
done by sales department only. In order to earn a contract, the sales department often
produced a budgetary estimate which demonstrated profitability of the project. However, the
outcome could be the opposite. This caused the problem documented in Section 3.2 that
Huawei leadership actually did not know which overseas project, particularly those involving
engineering work were profitable. After the PFM was implemented, the budgetary estimation
was conducted according to customer’s proposal jointly by the sales department and financial
department, which increases creditability and accuracy of the estimate. The Huaweli
leadership stated clearly in 2011 that “all Chief Financial Officers should participate in
evaluation of contract and they should dare to veto the low-quality contracts” (Huawei,
2016c¢). Secondly, the actual budgeting was done previously by financial department only
after the contract was awarded. After the PFM was implemented, budgeting was connected
with the Statement of Work of the project, planning and execution of the project. Financial
department and business departments were jointly responsible for budgeting. Last but not the
least, the final accounts were done for project after the PFM implementation to indicate
whether the project was profitable and why. Then the final accounts were used to guide the
next budgetary estimate.

5. Promotion of IFS

IFS was complex and involved many different departments in the company. Before the new
processes were rolled out to the whole company, the IFS project team usually conducted pilot
project in a regional office or product line. The only difference between the practice in the
pilot project and that later diffused to the whole company is that the new IT systems were yet
developed during the pilot project. Except for the IT system, the processes, policies and
standards implemented in the pilot project are the same as in the late company-wide
implementation. The pilot projects were normally undertaken for two to four months. As long
as the IFS project team deemed the new processes, policies and standards worked as expected,
the new practice were rolled out to the whole company, accompanied with new IT systems
(Fan, 2016).
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However, as “growing by self-reflection” has become the core value of the Huawei company
and the company has invested billions of dollars into management transformation projects in
other areas before the IFS started, there has been a consensus among the Huawei leadership
that the only unchangeable in the world is the change itself (Fan, 2016; Huawei Company,
2016¢). Nevertheless, after the transformation was gradually rolled out, it received
considerable resistance from the business departments, which experienced difficulty in
adapting to the new processes that were suggested by the IFS project team. CEO Ren
Zhengfei explicitly supported the IFS project, saying, “IFS is a company-wide transformation
that not only aims at the finance system. Every top leader of the company should be involved
in the IFS. If there are departments that think they can transform without support from the
project team, I will think the departments can generate profit without expenses. Then the
leaders of these departments will not be promoted. In the IFS transformation, the financial
department should not close its door either, thinking without involving and consulting
business departments” (Huawei, 2016c). Ren’s strategy to implement IFS was similar to
implementing the IPD: “First, copy it exactly, then refine and fix it.”

Huawei paid a great deal of attention to designing and implementing new processes, creating
new organizations and making and disseminating new IT tools in the IFS project, which are
deemed the key outputs from the management transformation projects in Huawei (Fan, 2016).
Regarding the new organizations, a Financial Transformation Steering Committee was created
to oversee the IFS project. The members of the Steering Committee included the leadership of
Huawei, such as Guo Ping, the then-Chief Legal Officer; Hu Houkun, the then-Chief Sales
and Service Officer; and Liang Hua, the then-CFO of Huawei. Guo Ping was the chairman of
the Steering Committee. Three of them decided on the important issues for IFS and reported
to Ren Zhengfei. Approximately 300 people were involved in IFS. More than 200 people
were from Huawei, who formed the project team of Huawei. Approximately 60 people were
consultants from IBM. At the company level, the Project Management Office was established
to oversee the activities of the sub-projects and coordinate the efforts from these sub-project
teams. The project team meetings were held about every two weeks. Usually 20 to 30 people
attended the meeting, including the IFS Project Management Office staff, the leaders of
various sub-projects and CEOs of various departments (Fan, 2016; Peng, 2016). In the
bi-weekly IFS project team meetings, the leaders of various sub-projects had to report on the
progress of the projects that they led. If the progress did not match the expectations, the
project leaders faced tremendous pressure and possible dismissal after the meeting (Peng,
2016).

( Here Insert Figure 2 )

Change Management, which is a project integrated in IFS, played an important role in
promoting IFS. The project team was composed of six to seven people. Its main task was
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communicating with the business departments and promoting IFS transformation in the
company. Because IFS involved many functional departments, the Change Management
team’s burden is particularly heavy because it had to discuss and convince these various
departments of the benefits of IFS.

IT tools are used to facilitate the new process and implement the IFS transformation. For
example, before e-mail was developed and widely used, Huawei contracts were signed as
hard copies. After e-mail became popular, the hard copies of contracts were scanned and
transmitted. In both cases, contracts were sometimes lost in transmission. In the IFS
transformation, a contract management IT system was established. All the contracts were
uploaded to the system. Anyone in the company who needed to have access to the contract
could do so easily by logging into the system. A similar system was created for purchase
orders. From signing contracts, placing orders, planning, and manufacturing to delivery, all
processes could be reviewed in the system by anyone involved in them. These IT systems
improved the connection between different departments and enhances efficiency and
facilitated the implementation of new processes and organizations that were established in the
IFS transformation.

6. |FS Benefits

IFS benefited Huawei by helping Huawei improve its overall financial management capability
and financial performance, and also addressing its particular financial problems. As
demonstrated in Table 1, before 2010, Days Sales Outstanding (DSO) and Inventory Turnover
(ITO) was very large; after 2010, they both decreased, which means that the cash turnover and
speed of inventory turnover became quicker than ever. Huawei saved about USD 4.95 billion
because of inventory management improvements. Furthermore, when Ms. Wanzhou Meng,
CFO of Huawei, presented the Huawei annual report 2014, she emphasized that continuous
management transformation, including IFS, improved the profit level of the company.
Through various measures of risk control, bad debt has been dramatically reduced, which
increased profit by USD 28 billion in 2015 (Hu, 2016).

(Insert Table 1 Here)

There are a large number of particular financial problems that were addressed in the IFS
project. Due to the limitation of the space, we use only the inaccuracy of financial data as an
example to illustrate the transformation’s impact. In the period 2007-2008, the financial data
generated from the profit centers were usually inconsistent, which generated significant
conflict between the business departments and the financial department. Because ensuring the
accuracy of the financial information is the main goal in the IDS | stage transformation, by
2010—when the IDS | was finished—the conflicts between the financial and business
departments dramatically decreased. Sporadic complaints of incorrect data have appeared, but
this has not been a major issue since 2010. Internal customer satisfaction had greatly
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improved with regard to the accuracy of the financial data (Fan, 2016). Before 2010,
manipulation of financial data existed because the revenue recognition was not clearly defined.
Through the implementation of the Opportunity to Cash project, Huawei gradually solved the
problem by standardizing the contracts and defining revenue recognition. After 2010,
manipulation of financial data by business departments became rare.

7. Financial Management of Huawei

The other aspects of the Huawei financial management such as financing and investment were
not the focus of the two abovementioned major financial management transformation projects.
However, they indeed contributed immensely to the success of Huawei. We briefly discuss
them in this section.

7.1 Financing

Equity financing, that is issuing stocks to the employees, has been a major channel of raising
capital since Huawei’s foundation. Debt financing was only supplementary (Peng, 2016).
Huawei established its Employee Stock Ownership Plan (ESOP) in 1990, three years after
founding of the company. The objective of the ESOP is described in the Article 17, Chapter 1
of the “Huawei Basic Law”, as that “we let employees become shareholders to form the core
of the company and maintain control over it in order to sustain its growth. ... We implement
the Employee Stock Ownership Plan. The program on the one hand lets the model employees
who agree with the company’s core value bond with the company and on the other hand
makes the most responsible and capable employees the core members of the company”
(Huawei, 1998).

The ESOP in Huawei went through several following reforms in the last two decades. Huawei
allowed employees to obtain dividends based on their shares in 1997, introduced virtual stock
options and phased out the original ESOP model in 2001, introduced cap for the maximal
stock purchase amount for individual employees to reserve stock-purchase opportunities for
new employees in 2008, and launched a Time-based Unit Plan to allow the all employees,
particularly foreign employees, to share the profit of the company, which is similar to the
virtual stock options (Zhu et al., 2013; Yan, 2014). All these reforms did not change the major
functions of the ESOP program, that is motivating and incentivizing employees and raising
capital. It was reported that from 2004 to 2011, Huawei raised RMB 27.5 billion from the two
shareholders of the company, the Union of Huawei Investment & Holding Co., Ltd and Ren
Zhengfei. In 2011 only, Huawei raised RMB 9.4 billion from its shareholders. In the same
year, Huawei total borrowings (including long-term and short-term borrowings) increased
only RMB 7.4 billion (Huawei, 2012). Compared with its competitor, the amount of fund that
Huawei has raised from its employees is substantial. Since its listing in the Shenzhen stock
exchange in 1997 and Hong Kong stock exchange in 2004 till 2011, ZTE raised only RMB
2.4 billion and HKD 2.1 billion from the two exchanges, respectively (Caijing, 2012).
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Scholarly studies have demonstrated that ESOP can boost the productivity of the companies
(Kumbhakar and Dubar, 1993; Jones and Kato, 1995) because employee ownership can
produce favorable employee attitudes and behaviors (Pierce et al., 1991; Pierce et al., 2001).
Feelings of ownership are also accompanied by a felt responsibility and a sense of burden
sharing of the organization, which leads to heightened level of employee motivation (Druskart
and Kubzansky, 1995; Kubzansky and Druskart, 1993). The leadership of Huawei considered
the ESOP is the most critical factor of Huawei’s success because the plan ties up employee
and the company’s interests, motivate and incentivize employees and realize the core value of
the company, that is, inspiring dedication (Xu, 2016).

7.2 Investment

Scholars have suggested that a primary function of the headquarters of a Multinational
Enterprise (MNE) is to run its internal capital market which can effectively re-distribute
resources within the firm (Stein, 1997; Lamont, 1997; Mudambi, 1999). The headquarters in
the MNEs can create value by actively reallocating scarce funds across projects. The cash
flow generated by one division’s activities may be taken and spent on investment in another
division, where the returns are higher (Stein, 1997). MNEs can also leverage the internal
capital market to move the resources from mature, profit-generating units or markets to young
fast-growing units or new markets, as young units or business are crucial for a company’s
sustainable development, though they usually have difficulty in making profit in the
beginning (Mudambi and Navarra, 2004; Mudambi and Swift, 2014).

Huawei leveraged its internal capital market. It clearly distinguishes profitability requirement
for the mature and young businesses. The profitability and operation efficiency of the mature
businesses are required to increase every year. In contrast, young businesses are allowed to
incur loss. When Huawei makes annual budget, loss for the young businesses is often
budgeted in. If the young business makes less loss than what is budgeted in in a year, it would
be considered superior performance. Huawei also differentiates the profitability threshold for
core business and non-core business. For the core business which is strategically important
for the company’s sustainable growth, even if Huawei incurs loss in the business, the
company still supports its development. However, for the non-core-business, the Huawei
company will collect 16.7% of the revenue from the business unit as the operation cost. This
means that the business has to have higher than 16.7% profit rate in order not to be closed
down by the leadership of Huawei (Peng, 2016).

Different from the theory and practices in many companies that the scarce fund is reallocated
to the projects according to their returns, Huawei allocated fund to the projects which did not
necessarily bring higher returns, but had to be the core business of the company. Even the
projects were profit-losing, as long as it was related to the core business, it could receive
continuous financial support from the headquarters. This practice ties up Huawei’s investment
strategy closely with the company’s strategy and reflects the founder and CEO Ren
Zhengfei’s long-held view that Huawei’s financial management should not only support
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business growth and expansion, but also control for risk and supervise business activities.

8. Conclusion

In this chapter, we document the first large-scale financial management transformation that
Huawei has implemented—that is, Four Standardizations and the subsequent, more ambitious
transformation Integrated Financial Services. Huawei carried out these two projects with the
assistance of external consultants from KPMG and IBM, respectively. We analyze the
background of the transformations, the motivation of the Huawei top management in
implementing these transformations, major projects and activities, and their impact.

We find that the success of the Huawei financial transformation is largely due to three key
outputs of the projects, including new processes, organizations and IT tools, which are
assigned significant importance by the project team. The new processes were generated from
the standardization of the existing but repeated activities, which were instrumental to
improving management efficiency and reducing operation costs. New organizations were
created to implement the transformation. The staff in these new organizations planned,
designed and executed the processes and discussed and coordinated with the involved
business departments. New IT tools were developed to facilitate the implementation of the
new processes, which are key to disseminating new practices and routinizing new processes.
The three key elements combined contribute to the success of the financial transformation at
Huawei.

The financial management problems that Huawei encountered in the course of growth and
internalization and the solutions that it adopted to mitigate the problems can be explained by
the classical financial management and international business theories. However, Huawei’s
financial management clearly possess its unique features. For example, financial management
is strictly dominated by the overall business strategy. Investment decision is not made by
comparing the returns of various projects, but based on the strategic importance of the
projects to the core business of the companies. This strategy has not changed since the
foundation of the company. Financial department has to play a supportive role in business
development, but importantly also serves as monitor and controller of business development.
These principles together with the fact that Huawei is a private company wholly owned by its
employees and the Employee Stock Ownership Plan was used as a means of raising capital
for the company can explain why the abovementioned two major financial management
transformation projects did not focus on financing and investment decision processes of the
company but on its financial accounting processes.
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Table 1: Days Sales Outstanding (DSO) and Inventory Turnover (ITO) of Huawei, 2008-2015

Year DSO ITO
2008 127 110
2009 125 100
2010 95 92
2011 88 73
2012 90 60
2013 109 64
2014 95 104
2015 84 96

Source: Annual Reports of Huawei (2008-2015)
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Abstract

Industrial standards aim at ensuring equa access to the technology for all
stakeholders, and telecommunication industry is a highly standardized industry. This
paper examines collaboration behaviors in the development of telecommunication
standards using patent network analysis, that is, if more than two companies
co-declared a patent to 3GPP, we view that there is one collaboration tie between each
couple among them. By giving each company a tag, we managed to find several
typical kinds of collaboration behaviors (e.g. parent-subsidiary; technology-law; etc.)
Furthermore, by comparing the network graphs, we can figure out the transitions of
companies and countries across three generations of telecommunication standards.

So far, the telecommunication industry has gone through 4 generations of
technical standards, namely from 1G to 4G Standard essential patents (SEPs) are
patents that are indispensable in order to manufacture a product or offer a service
based on the standard in question. To conduct network analysis, we follows several
steps. At first, we retrieved the SEP data of 3GPP' standards from the online database
of ETSI and then after manually cleaning, filtering and matching them with external
patent database, we finally got an informative dataset which contains SEPs (or
potential SEPs) of 2G GSM, 3G WCDMA and 4G LTE. Then we wanted to divide the
SEPs into three parts according to the project identifiers (e.g. GSM: ‘GSM’; ‘GPRS’;
etc.), however, we found that there are a large proportion of SEPs belonging to more
than one standards, as aresult, all SEPs are classified into  seven categories. In order
to explain the exiting overlapping area among the three standards, we proposed two
possible mechanisms, which are, “durable old ideas” and “compatible new ideas”.
Based on the above-mentioned classification work, we do the analysis and get some
implications for the industrial stakeholders.

1 One of the most important standard setting organization in telecom industry.
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Abstract

The aim of this research is to provide a first-effort System Dynamics (SD) model that effectively
captures the operations and market dynamics across the entire ‘green’ paracetamol supply chain
(SC) defined by terpenoid feedstocks. To that end, we first describe the particular ‘green’
analgesic SC system arising from renewable chemical feedstock platform technologies, as
envisioned to be established in England. Following, the associated SD model is developed by
capturing all related operations, namely: (i) turpentine supply, (ii) primary — active
pharmaceutical ingredient — manufacturing, (iii) secondary — pharmacy dosage form —
manufacturing, (iv) packaging, and (v) retailing where demand is defined based on both the
patients’ actual needs and the environmental awareness of a potential ‘green’ analgesic market.
The obtained SD simulation results reveal the need to promote ‘green’ pharmacies to support
circular SCs of the future and to elaborate green marketing practises to increase the associated
stakeholders’ profitability in environmentally sensitive markets.

Keywords: Circular supply chains; ‘Green’ paracetamol; Pharmaceutical supply networks;
Renewable chemical feedstocks; System Dynamics.

1. Introduction

In the 21% Century, transition from fossil-based feedstocks to renewable alternatives is a key
challenge stemming from the depletion of natural resources (Rodriguez, Arias and Rodriguez-
Gonzalez, 2015) and the increased environmental awareness of consumers (Aivazidou et al,
2016a). Indicatively, 62 % of 250 business executives declared that sustainable corporate
investments are motivated by the expectations of consumers for ‘green’ products (Accenture,
2012). Consequently, the emerging pressure for ‘green’ business offerings has considerable
ramifications to sustainable manufacturing and supply chain (SC) management (Maniatis, 2016).

In a similar context, the United Nations Millennium Development Goals Target 8.E prompts the
pharmaceutical industry to provide patients with equitable access to essential medicines that are
clinically efficient, environmental friendly and cost-effective (United Nations, 2015). Therefore,
pharmaceutical companies tend to adopt a “benign by design” approach to manufacture
sustainable pharmacies in a way to reduce impact and effluents to the environment (Leder,
Rastogi and Kimmerer, 2015), while contemporarily retaining or even improving the
medications’ pharmacological properties (Kiimmerer and Hempel, 2010). To that effect, the
environmental performance of national healthcare systems could be improved as well (Leder,



Rastogi and Kiimmerer, 2015) considering that these systems comprise a major clientele of
pharmacy procurements globally (Ryan-Fogarty, O'Regan and Moles, 2016). Indicatively, the
carbon footprint of England’s National Healthcare System (NHS) is estimated to be 22.8 Mt
CO2-eq., 6.5 % of which is attributed to the procurement of pharmaceuticals (Sustainable

Development Unit, 2016).

However, the development of pharmaceuticals SC theory and practise defined by value-added
renewable chemical feedstocks is mainly hindered by: (i) the reliance of the industry on vertically
integrated petrochemical feedstock supply systems (Lamers et al., 2015), and (ii) the lack of
research upon the technical feasibility of renewable chemical feedstocks’ exploitation for medical
applications (Behr and Johnen, 2009). Therefore, an evident need for a modelling approach that
captures the ‘green’ pharmaceuticals SCs’ structure arising from renewable chemical feedstock
platform technologies to support the networks’ sustainability assessment and commercial
viability analysis exists (Bam, 2014).

The aim of the present study is to effectively model the dynamics of operations across a ‘green’
pharmacy’s SC defined by renewable chemical feedstock platform technologies and to further
investigate the impact of consumers’ environmental awareness on the SC’s commercial viability.
More specifically, we investigate the case of ‘green’ paracetamol, synthesised from terpenoid
feedstocks, to cover the demand for this particular analgesic in England. Paracetamol (also
known as acetaminophen and by its chemical name, (N-(4-hydroxyphenyl)acetamide) is an active
pharmaceutical ingredient (API) which is widely used to manufacture non-steroidal analgesic
medicines. In England, paracetamol is among the most prescribed medicines by the NHS,
contributing circa 21 % by quantity of API (Penny and Collins, 2014). At a global scale, the
estimated average consumption of acetaminophen is 100 tonnes per annum with a projected
market value of USDI1.0 billion (201.2 ktonness) by 2022 (Transparency Market Research,
2015). Furthermore, our study focuses on this particular pharmaceutical product due to our
collaboration with leading European Chemicals SC businesses and academic stakeholders in the
context of the Engineering and Physical Sciences Research Council (EPSRC) funded project
“Terpene-based Manufacturing for Sustainable Chemical Feedstocks” (EPSRC Reference:
EP/K014889/1). To this effect, we first adopt the System Dynamics (SD) methodology in order
to capture and monitor the SC operations of a ‘green’ paracetamol SC in England, from a cradle-
to-grave perspective. Secondly, we investigate the effect of various market behaviours in the
relation between Green Image Factor (GIF) and relevant market share and SC stakeholders’
revenues to motivate efficient policy interventions. In fact, SD is a simulation-based tool for
analysing the dynamic behaviour of complex systems that has been proven to be useful in
strategic policy-making (Roberts, 1978; Sterman, 2000).

The remainder of the paper is organized as follows. In Section 2, we provide a brief literature
review about pharmaceutical SCs. Following, in Section 3 we develop a SD modelling
framework that captures the SC operations for ‘green’ paracetamol in England, while further
investigating the impact of various GIF-related market behaviours in corporate performance, in
case renewable chemical feedstocks are exploited. In Section 4, we briefly elaborate on the
results of the system’s performance and the derived economic value. Section 5 concludes with
managerial insights and directions for future research with respect to green marketing strategies
for the sustainable growth of the pharmaceuticals sector within a circular economy era.



2. Literature Review: Pharmaceutical Supply chains

The extant literature on SC sustainability in the pharmaceutical sector is rather limited. In this
section we provide a short review of selected studies attempting to study the sustainability
concept in pharmaceutical SCs. Our literature review reveals the absence of comprehensive
theories and modelling approaches on the field, while the case of ‘green’ pharmacies defined by
renewable chemical feedstock platform technologies is evidently unexplored. The only existing
works for the design and management of circular SCs in the pharmaceutical sector, arising from
renewable chemical feedstocks, are provided by Tsolakis, Kumar and Srai (2016) and Settanni,
Tsolakis and Srai (2016). Table 1 presents a synopsis of the reviewed state-of-the-art research
efforts including the research nature and the methodology applied at every study.

Table 1. Sustainable pharmaceutical supply networks’ selected literature.

Reference RNesa(ii:ceh Methodology

Hansen and Grunow (2015) Quantitative Two-stage stochastic mixed-integer linear
programming

Mousazadeh, Torabi and Zahiri Quantitative Bi-objective mixed-integer programming

(2015)

Rusnac et al. (2012) Quantitative Simulation

Sousa et al. (2011) Quantitative Mixed-integer linear programming

Srai et al. (2015) Qualitative Four-stage theoretical analysis of an end-to-
end supply network

Uthayakumar and Priyan (2013) Quantitative Operations research non-linear modelling
approach for inventory management

Weraikat, Zanjani and Lehoux Quantitative Non-linear mathematical programming

(2016)

Hansen and Grunow (2015) provide a two-stage stochastic model to support market launch
preparation decisions in pharmaceutical SCs, focusing on the balance between time-to-market
and risks. Additionally, Mousazadeh, Torabi and Zahiri (2015) provide a modelling approach for
supporting strategic decision-making in the development of robust pharmaceutical SCs while
contemporarily tackling issues of epistemic uncertainty. Furthermore, Rusnac et al. (2012)
identify important economic, environmental and social criteria to assess the sustainability
performance of pharmaceutical downstream logistics and further study the impact of the related
operations on the decentralised and centralised configurations of both decision-making systems
and physical network structures.

Furthermore, Sousa et al. (2011) optimise the net profit of a global pharmaceutical SC, from
primary and secondary production sites to product distribution and markets by applying spatial
and temporal decomposition algorithms for a portfolio of medications. In addition, Srai et al.
(2015) develop an approach for evaluating the potential SC benefits deriving from the transition
from batch to continuous manufacturing for pharmaceutical products. Uthayakumar and Priyan
(2013) develop an operations research model for determining optimal solutions for inventory lot
size, lead time, and the number of deliveries for multiple pharmaceutical products in order to
achieve hospital customer service level targets with a minimum total cost for the SC. Moreover,
Weraikat, Zanjani and Lehoux (2016) study a pharmaceutical case and examine the proactive role



of stakeholders’ coordination and negotiation interactions to ensure efficient and sustainable
reverse SCs in the sector.

3. A System Dynamics Modelling Framework

In this section, a novel modelling approach for managing the operations in ‘green’
pharmaceutical supply networks arising from renewable chemical feedstocks is developed,
merging: (i) the theory of SC mapping, and (ii) the theory of SD, which has a proven track record
for tackling strategic decision-making problems. In particular, we provide a pilot analysis of the
dynamic behaviour of the supply, manufacturing, packaging and market operations across a
prospective ‘green’ pharmacy’s SC. We consider the illustrative conceptual case of ‘green’
paracetamol dispensed in England, as motivated by our participation in the aforementioned
EPSRC funded research project “Terpene-based Manufacturing for Sustainable Chemical
Feedstocks”. The latter project aims to develop a sustainable, integrated platform for the
manufacturing of industrial chemicals based on biological terpenoid feedstocks to complement
carbohydrate, oil and lignin-based feedstocks that will be available to sustainable chemistry-using
industries of the future.

In this context, a SD modelling framework is proposed that could be employed by public
stakeholders in England responsible for renewable materials’ waste management as a strategic
decision-making tool for potentially exploring the impact of several policies tailored to the
exploitation of wasted teprenoid feedstocks in the national chemical industry. The primary
objective of the model is to capture the related SC operations that would foster the understanding
of ‘green’ pharmacies’ networks defined by renewable chemical feedstocks, as dictated by the
contemporary circular economy era ramifications. On a secondary level, the model would
provide long-term estimates of ‘green’ paracetamol demand in England in order to assist the
strategic planning of the potential pharmaceutical industry segment. Below, the system under
study is described in brief and the associated SD model is developed.

3.1 System description

We study the SC of a single pharmacy, namely ‘green’ paracetamol, while we consider that the
shelf-life of the product extends the period of analysis. ‘Green’ paracetamol is assumed to have
the same pharmacological properties as conventional paracetamol. We also assume a
monopolistic environment, in which all stakeholders are located within England, thus considering
no delays in the distribution operations of the supply network. The pharmaceutical SC includes
the following echelons of SC operations: (i) renewable chemical feedstock supply, (i1) primary
manufacturing where the API is produced, (iii) secondary processing where the API is processed
into the pharmacy’s dosage form, (iv) packaging where medication dosage forms are
manufactured into packages to be dispensed to the market, and (v) retailing where demand is
defined based on the patients’ needs and the consumers’ environmental sensitivity stemming
from the utilisation of renewable chemical feedstocks for the API formulation. The conceptual
system under study is illustrated in Figure 1 via the relevant causal loop diagram. Causal loop
diagrams are used to capture the mental models which managers conceive of a system. In a causal
diagram, arrows describe the causal influences among the variables of the system (Sterman,
2000). Typically, each arrow is assigned a polarity that indicates the relation between dependent
and independent variables. A positive (+) polarity denotes that the effect changes towards the
same direction as the cause (reinforcing feedback). On the other hand, a negative (-) polarity
denotes that the effect changes towards the opposite direction of the cause (balancing feedback).
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Figure 1. Causal loop diagram of the system under study.

3.1.1 Renewable chemical feedstock supply

Typically, pharmaceuticals are produced using inefficient batch reactors and wasteful
stoichiometric processes from unsustainable petrochemical feedstocks. On the other hand, the
scope of the refereed project is to demonstrate the safe and large industrial scale synthesis of
paracetamol from the renewable monoterpene feedstock f-pinene. However, B-pinene is further
extracted from crude sulfate turpentine (CST) (Jung et al., 2016; Mercier, Prost and Prost, 2009)
that can be recovered as a by-product during the pulp digestion in a Kraft paper mill (Roberge et
al., 2001; Yumrutas et al., 2008). Unfortunately, CST is always contaminated with high
concentrations of sulfur which must be reduced prior to its utilisation. Key applications of crude
sulfate turpentine are summarised in Table 2.

Table 2. Applications of crude sulfate turpentine [Adopted from CBI (2015)].

Market Segment Applications Benefits

Fragrance Use in fragrance diffusers, incense products, candles, and Adding fragrance
aroma-therapeutic oils

Painting Industry Cleaning agent Solvent for paints and
varnishes



Therefore, in order to promote independence of the national chemical industry, in this study we
only consider the pulp available from the paper and pulp industries in the United Kingdom. The
Confederation of Paper Industries (CPI) is the leading organisation aiming to unify the United
Kingdom’s paper-based industries with a single purpose in promoting renewable and sustainable
practises to the sector aiming to enhance the competitiveness of its members. The 45 listed paper
and pulp mills in CPI account for a total nominal pulp production capacity equal to 4,149,500
tonnes per annum (CPI, 2016). Notably, for the specific chemical synthesis route of ‘green’
paracetamol API that we consider, chemical pulp and specifically crude sulfate turpentine is
recommended as input. Furthermore, we do not assume that the extracted CST from the paper
pulp presents any seasonal availability patterns.

3.1.2 Paracetamol primary manufacturing

Regarding the paracetamol primary manufacturing stage, a single manufacturer procures CST
from domestic paper and pulp mills geographically allocated across the United Kingdom. During
the primary processing stage, the renewable chemical feedstock is converted into acetaminophen,
while the manufacturing rate is limited by the processor’s production capacity level. More
specifically, two major components of CST, namely a- and B-pinene (available in concentrations
of about 30 % and 60 % respectively), can be isolated from the crude material and have extensive
applications in solvents, resin precursors, pharmaceutical intermediates and commodities (Nie et
al., 2014). According to the advancements in the chemical synthesis routes developed within the
context of the participating research project, we consider that paracetamol API is synthesised by
the renewable chemical feedstock B-pinene extracted from CST. In order to satisfy the market
demand, the retailer holds his own inventory, while he places turpentine orders to paper and pulp
mills in order to avoid disruptions in the manufacturing process. Pharmacy API is transported
directly to a single paracetamol secondary manufacturer.

3.1.3 Paracetamol secondary manufacturing

The secondary paracetamol manufacturing stage focuses on the production of the pharmacy’s
dosage forms (Meneghetti et al., 2016). We assume that the manufacturer produces only solid
state dosage forms of paracetamol including tablets, capsules and suppositories. However, the
secondary manufacturing output is considered homogeneous in terms of volumes and
categorisation among the different dosage forms is contemplated. Paracetamol dosage forms are
then stored in the secondary manufacturer’s warehouse and are further forwarded to the
packaging manufacturing stage. We deem that secondary manufacturing and packaging are
performed at the same plant, but in different production lines. Therefore, transportation costs and
time delays are negligible.

3.1.4 Packaging

During the packaging phase, packages of paracetamol dosage forms are produced and
complement the secondary manufacturer’s stock. The packaging rate is limited by the processor’s
production capacity level. Only a single packaging is considered as we do not consider any
market segmentations in the present pilot study.

3.1.5 Demand
Demand for paracetamol is expressed as packs of dosage forms and is considered stochastic,
estimated by historical data about the dispensed paracetamol quantities in England during the



period 2013-2016. Particularly, the demand function was estimated based on NHS publicly
available statistics for the paracetamol quantities (in dosage units) dispensed by: (1) pharmacy
and appliance contractors in England, and (2) dispensing doctors and dosage units supplied under
personal administration. Furthermore, we consider that consumers are environmental sensitivity
towards the sustainable nature of the offered medication. Concerning the supply chain’s
economic performance analysis, we only considered the turpentine’s procurement price,
following a stochastic pattern based on historical data, and the price per package of paracetamol.

3.2 Model development

The system is modelled using the SD methodology in order to capture the causal loops and
feedbacks that attach dynamic behaviour to the system. The core concepts of SD are feedbacks,
causal loop diagrams, and stock and flow maps: (i) feedback loops and structures are fundamental
because they capture the real patterns or modes of systems’ behaviour as they dynamically evolve
over time, (ii) causal loop diagrams assist modellers in representing the feedback structures of a
system, and (iii) stocks provide the system with memory, thus enabling the disequilibrium
dynamics in systems (Sterman, 2000).

3.2.1 Renewable chemical feedstock supply

Initially, to estimate the availability of renewable chemical feedstock, we model the supply of
chemical pulp in the United Kingdom. Therefore, following data available by FAO (2014), the
paper and pulp mills in the United Kingdom account for a total chemical pulp production
capacity equal to 10,000 tonnes per annum. Furthermore, we assume that the availability of
chemical pulp follows an annual declining trend with stochasticity as indicated for the case of
domestic wood pulp (Eurostat, 2016). We assume that this capacity refers entirely to CST that is
valorised and used as the renewable chemical compound to produce acetaminophen. Typically,
0.5 to 15 kg of turpentine are extracted per tonne of pulp. Assuming a fixed turpentine extraction
rate of 6 kg per tonne of pulp as suggested by Kuenen (2013), the monthly available turpentine
volumes are simulated. Following the trend in the United States of America, we assume that 20 to
25% of the available turpentine is used in the flavour and fragrance industries (Mattson, 1984).
We further assume that a corresponding 25 to 30% of CST is attributed to cosmetics and painting
industries. Therefore, we accept that the remaining CST could be dedicated exclusively for the
production of paracetamol. Due to the nature and the expected high quality specifications of the
end-product, in this study we assume that a purification processing of CST is also conducted that
results in 80 % of purified CST (Yumrutas et al., 2008).

3.2.2 Paracetamol primary manufacturing

Asia Pacific is the largest producer of paracetamol API due to the presence of a large number of
local manufacturers with an estimated 30 % lower manufacturing cost (Transparency Market
Research, 2015). Presence of advanced manufacturing facilities, cheap and abundant labour,
developed infrastructure, availability of wide range of raw materials and intermediate products
are driving paracetamol production in China. Together, China and India-based manufacturers
produce about 115,000 tonnes of paracetamol API per year, equivalent to about 70 % of the
global market. In Europe, no paracetamol APl manufacturer is documented, while the last
Western paracetamol API manufacturer is Covidien Ltd. located in Massachusetts, United States
of America, with an annual production capacity of 30,000 tonnes (Vinati Organics Limited,
2016). Nevertheless, in our modelling approach we consider a single paracetamol API
manufacturing plant with a typical capacity of 10,000 tonnes per year. We also assume that



turpentine is instantly supplied to the primary manufacturer from domestic paper and pulp mills,
in case a deficit is observed.

3.2.3 Paracetamol secondary manufacturing

Paracetamol API is almost instantly transported to a secondary manufacturing plant by trucks.
We consider that the single manufacturing plant can produce all the commercial paracetamol
dosage forms of 500 mg, i.e. capsules, tablets and suppositories. Based on our secondary research
on pharmaceutical plants, we assume that the annual capacity of the secondary paracetamol
manufacturing facility is 800 million units. The plant has available space for holding an inventory
of 100 million units per month. After the manufacturing process, all the available capsules are
forwarded towards the packaging manufacturing stage.

3.2.4 Packaging

In the packaging stage, the provided dosage forms are manufactured into packages of 16 units
dedicated for domestic consumption. Based on corporate reports, the available warehouse
capacity for the manufactured paracetamol packages is estimated to be 45 million packs.

3.2.5 Demand

In order to estimate the demand for paracetamol dosage forms of 500 mg, we elaborated publicly
available data from the NHS Business Services Authority for the period 2013 to April 2016

(NHSBSA, 2016). Particularly, we retrieved data for the dispensed units of 500 mg paracetamol
dosage forms, i.e. capsules, tablets and suppositories, across England (Figure 2).
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Figure 2. Monthly units of 500 mg acetaminophen dosage forms dispensed across England,
2011-2016 [Source: NHSBSA (2016)].



Following an initial statistical analysis of the data set and considering that the data points consist
a time series that presents a trend, we model and forecast the monthly acetaminophen 500 mg
dosage units as a time series with stochasticity for up to five years (or sixty months) ahead using
three appropriate benchmark models (Nahmias, 2008), including: (i) naive forecasting, (ii) simple
linear regression, and (ii1) Holt’s double exponential smoothing. More specifically, based on the
findings of Nikolopoulos et al. (2016) for the case of generic drugs, we apply a 70 % drift on the
naive forecasting method, where the drift equals the difference between the last known actual
observations. Following, we compared the performance of the elaborated projecting methods
based on three characteristics of the forecasts (Makridakis and Hibon, 2000), namely: (i) bias —
measured through the mean error (ME) to unveil any systematic tendency to over- or under-
forecast the actual demand, (ii) accuracy — evaluated through the mean absolute error (MAD) to
determine the closeness of the forecasts to the actual values, and (iii) uncertainty — assessed
through the mean squared error (MSE) to identify the magnitude of the average deviation of the
forecasted values from the mean forecast. Table 3 shows the forecasting performance of the
elaborated forecasting methods. The results suggest that the most appropriate method for making
a S-year ahead forecast for generic paracetamol is Holt’s double exponential smoothing.

Table 3. Long-term forecasting horizon: ME, MAD and MSE of generic acetaminophen.

Naive Linear Holt’s exponential
forecasting regression smoothing
-140,714.75 0.00 941,293.26
MAD 17,768,583.84 7,310,082.67 1,817,064.64
MSE 442,395,786,402,591.00 83,202,535,035,395.60 5,384,869,918,684.90

Furthermore, we assume that demand is defined by the consumers’ environmental sensitivity
concerning the nature of the paracetamol raw material. As illustrated in Figure 3, the consumers’
ecological awareness is modelled through the GIF concept which represents a percentage change
in demand (Georgiadis and Vlachos, 2004). Following the studies of Georgiadis and Besiou
(2008) and Aivazidou et al. (2016b), we adopt the GIF concept and hence we consider three
different market behaviour scenarios as follows: (i). consumers are not environmentally aware
with regard to ‘green’ paracetamol resulting in zero GIF (No Environmental Sensitivity), (ii)
consumers are environmental aware and GIF is expressed as a linear function (Linear
Environmental Sensitivity Pattern), and (iii) consumers are environmentally sensitive and exhibit
an S-curve shaped GIF (Logistic Function Environmental Sensitivity Pattern). We hypothesise
that GIF is affected by the chemical feedstock sustainability index (CFSI), a conceptual index
related to the nature of the elaborated feedstock for the manufacturing of the offered value-added
intermediate or end-product. For example, in case petrochemical feedstocks are elaborated for the
production of paracetamol, then the CFSI is assumed to be assigned a value above 1. On the other
hand, as in the case of ‘green’ paracetamol the CFSI is less than 1 as a renewable feedstock is
used as the main manufacturing input; hence the consumers’ demand increases due to positive
GIF values and vice versa. As the chemical synthesis route of ‘green’ paracetamol discussed here
is not yet finalised and stabilised for industrial scale production, it is not able to accurately
calculate established environment impact metrics across the entire SC (e.g. CO, emissions).



Therefore, we assume that CFSI follows a stochastic pattern with a mean value of 0.5 and a
standard deviation 0.1 for the three different market behaviour scenarios.

0.30
— = No Environmental Sensitivity
0.25 g=======o—ao__
~ Sl
S S = = =Linear Environmental Sensitivity Pattern
0.20 < N
N \\
N \

0.15 N e D e Logistic Function Environmental Sensitivity
T o “ Pattern
= \
g 0.10 ~ < \\
. S N \
S 005 \
= U N
& Y
L ANEY
© 000 — — — W — — — — —
% 0.00 0.25 0.50 0.75 1 60 <~ 125 1.50 1.75 2.00 2.25 2.50
£ 005 VoS
o \ RN
o \ N
— -0.10 v N
O \ N

\ N
-0.15 \\ N N
\\ ~
-0.20 R SS
Sseo s ~
0 5 (WS L AR, S S —— -
-0.30

Chemical Feedstock Sustainability Index (CFSI)

Figure 3. Environmental behaviour of consumers [Adopted from Aivazidou et al. (2016b)].

3.3 Economic assessment

Based on a statistical analysis of historical data about turpentine price, we forecast its price
through a linear regression model (R* = 0.92) with stochasticity. Finally, the price per pack of
paracetamol is considered to be £ 0.55, following the corresponding price of branded paracetamol
packs currently available in market.

3.4 Model validation

The developed SD model was tested regarding its validity and reliability, and it was further
verified against its structure and functionality. Specifically, a series of tests was elaborated in
order to assess the performance of the proposed system. These tests include (Sterman, 2000;
Toka et al., 2014): (i) verification of the data used as input, (ii) sensitivity analysis of the model
behaviour against changes in the parameters of the system, (iii) rational interpretation of the
model simulation results for different sets of parameters and outlier values, and (iv) comparative
analysis and evaluation of the derived results for a variety of conceptual scenarios.

4. Simulation Results and Discussion

The applicability of the proposed SD model is demonstrated through the case of ‘green’
paracetamol production. To that end, realistic quantitative estimates associated with
manufacturing and demand across the paracetamol SC are adopted from secondary sources and
grey literature. A strategic horizon of five years (or sixty months) is selected in order to capture
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the market dynamics with regard to consumers’ environmental sensitivity, while the time step is
set to one month. As the model includes stochastic variables, we conducted a 1,000 simulation
runs to derive more realistic and accurate results. The model code was generated using the
simulation programming language Powersim™ 10.

In our simulation, as stated previously, we considered three different market behaviour scenarios,
namely: (i) Scenario #1 — no environmental sensitivity, (i1) Scenario #2 — linear environmental
sensitivity pattern, and (iii) Scenario #3 — logistic function environmental sensitivity pattern.
Scenario #1 is the base case scenario meaning that it is used as a benchmark for comparing the
simulation results obtained for all the scenarios. The metrics used are the demand for ‘green’
paracetamol (in # of paracetamol packs), market coverage (in %) and revenues for the ‘green’
paracetamol market (in % increase) in England. Figure 4 summarises the observed average values
of the aforementioned metrics over the period 2016-2021.
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Figure 4. Simulated performance metrics for the ‘green’ paracetamol SC under study in England,
2016-2021.

The simulation results indicate that with the current assumptions made, domestic ‘green’
paracetamol production could cover about the 21.50 % of the English market demand for dosages
of 500 mg of acetaminophen. In addition, in environmental sensitive markets demand for ‘green’
paracetamol packages of 500 mg (16 units per package) is expected to increase by 9.10 to 12.50
% corresponding to an increase in projected revenues by 12.45 to 22.63 %. Evidently, the
utilisation of renewable chemical feedstocks to substitute petrochemical raw materials in
environmentally sensitive markets could significantly increase the revenues of SC stakeholders
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due to the consumers’ demand growth. A major bottleneck that hinders the capturing of greater
economic value is the limited installed primary manufacturing capacity.

5. Conclusions

A generic finding from our brief literature review on the pharmaceutical SCs’ sustainability
reveals that the extant research efforts are mainly limited to forward and reverse logistics
operations (Narayana, Elias and Pati, 2014), neglecting the potential of exploring circular supply
network opportunities on the sector. To this effect, in this manuscript we propose a first-effort SD
model for capturing the operations and market dynamics across a ‘green’ analgesic’s supply
network defined by terpenoid feedstock platform technologies. The applicability of our modelling
approach is demonstrated through the case of ‘green’ paracetamol defined by B-pinene, as
targeted by EPSRC to be developed in England. Specifically, our modelling approach
investigates the manner in which various market behaviour patterns affect corporate performance
according to pharmacy’s CFSI, in case renewable chemical feedstocks are utilised. Firstly, the
simulation results document that England could cover a considerable market demand for
paracetamol through exploiting the nationwide available chemical pulp wasted from domestic
paper and pulp mills. Secondly, sustainable feedstocks in environmentally sensitive markets
could promote circular supply networks and eco-friendly pharmaceutical products, thus
enhancing business financial performance.

A key limitation in the present modelling approach refers to the assumptions about the primary
‘green’ paracetamol manufacturing capacity as the related chemical synthesis route is not yet
stabilised and demonstrated, even in a laboratory environment. Furthermore, market
segmentation based on the provided paracetamol dosage forms has to be further considered as
manufacturing capabilities could change significantly among the different dosage forms of the
pharmacy. Additionally, since the chemical synthesis route of ‘green’ paracetamol is not yet
finalised, the present modelling approach may inadequately capture the functions of the
corresponding actual system. The CFSI has to be estimated by the accumulated environmental
impact of all operations across the ‘green’ paracetamol SC so that the GIF is estimated in a more
transparent manner. ‘Green’ paracetamol may be in fact produced from renewable chemical
feedstocks; however, the material inputs during the primary manufacturing stage of ‘green’
paracetamol may have a greater environmental impact compared to the inputs used for the
manufacturing of conventional paracetamol. Cost estimates should be considered for all SC
operations as well.

As regards future research, focus should be placed on the stimulating role of green marketing
techniques upon consumers’ environmental sensitivity (Aivazidou et al., 2016a). In order to
exploit the proposed SD simulation tool, it is suggested that marketing specialists should further
study the application of green labelling and branding in pharmaceutical products for guiding
consumers towards green purchasing decisions.
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Abstract

This paper proposes interdependence dimensions and patterns for inter-organisational
relationships. It uncovers how interdependence effects on strategic decision making of the firm,
how interdependencies are being managed to realise value creation, and how this interactive
process changes the entire business ecosystem. We have adopted multiple case study methods,
focusing on the Chinese rare earths business ecosystem. By investigating the whole industry
and its related value networks, we are able to elaborate the dynamics of interdependence and
business ecosystem transformation in a shifting industrial landscape.

Keywords — inter-organisational interdependence, business ecosystem, rare earths industry,
value creation, strategy making

Introduction

The term *“business ecosystem”, initially introduced by Moore (1993), has been prevalently
explored in the field of strategic management. In analogy to the natural ecology, the business
ecosystem is naturally associated with ideas of networks, interdependencies, and co-
evolutionary thinking. Drawn from existing research, inter-organisational interdependencies
are seen as one of fundamental nature of business ecosystems. In business world with highly
uncertain future, firms and their behaviours are inevitably interdependent with various
organisations and activities. More and more corporate decisions have been made beyond “input-
output” thinking, with ecosystem perspectives instead. There are not only be seller-buyer or
supplier-customer relations, but a network of multiple sides’ relationships constitute a complex
economic community. In other words, the business ecosystem does not stress dyadic
transactions, whereas it features polyadic interactions and constellations of value creation. In
this sense, the dynamics of organisational interdependence is a crux to understand the nature of
business ecosystems. This paper aims to uncover how interdependence affects strategic
decision making of the firm, how interdependencies are being managed to realise value creation,
and how this process changes the entire business ecosystem.

We focus on business ecosystems of the Chinese rare earths industry in this research. It is an
industry that relates closely to a large number of modern industries, due to the unique chemical
and physical properties of rare earths. In the past decade, the high-tech applications of rare
earths, particularly in low-carbon technologies, have emerged and expanded rapidly with robust
expected demand (British Geological Survey, 2011). With few substitutes, rare earths are

1



processed to be key components of high-end products, ranging from electronic devices such as
mobile phones, computers and semiconductors, to aerospace engineering such as jet engines
and defence systems, as well as indispensable use in clean energy and environmental
technologies, such as fuel cells, wind turbines, electric vehicles and pollution scrubbers. The
rare earths industry in China, on the whole, is transforming from mainly resource-based
processing to more technological applications. It is one of the fastest changing arenas, which
incorporates a variety of business opportunities into the themes of advanced resource utilisation
and environmental technologies.

Wide applications and ongoing innovations lead to higher value creation. With the increasing
recognition of potential resource value, rare earths manufacturers have gradually emerged,
diversified and co-evolving with related industries, associations and institutions, etc. Different
organisations have contributed to the expansion of rare-earth-based business ecosystems,
becoming influential players in the actual interaction. The dynamics of interdependence among
those ecosystem players can be traced and analysed in the rare earths industry and its closely
linked activities. Their interdependences are not merely a status or precondition of business
ecosystems, but they change along with multi-organisational strategic renewals and ecosystem-
level interactions. This is also a case in point to elaborate the mechanisms of interdependence
in a shifting industrial landscape.

Business ecosystem and interdependence

Moore (1996) defines the business ecosystem as “an economic community supported by a
foundation of interacting organisations and individuals—the organisms of the business world”.
It sheds light on inter-relationships and co-evolution of organisational interactions and overall
business environment. Since Moore, there have been various research in strategic management
encompassing the business ecosystem. Those studies share common grounds in terms of
constructs and configurations: (1) Players of the ecosystem include all kinds of stakeholders at
different levels including suppliers, customers, governments, associations and institutes, etc.,
forming networked interdependencies. (2) These players are interconnected and interdependent
on one another, co-evolving over time. (3) Players provide mutual benefits, create joint value
or exert influences in the business ecosystem. (i.e. Chang & Uden, 2008; lansiti & Levien, 2004;
lansiti & Richard, 2006; Gueguen et al. 2006; Moore, 1996; Rong, 2011)

Concerning ecosystem players—different species in the business ecology, lansiti and Levien
(2004) categorised four types of participants, including the keystone player, the niche player,
the dominator and the hub landlord. This is a relatively static configuration as the category of
players has not revealed the role varying process and value sharing or shifting. To solve the
adoption problem, a wide-lens toolbox was proposed to reconfigure the structure of
interdependence and leverage advantage within and across ecosystems (Adner 2012). This may
help to examine co-innovation risks between inter-organisational collaborations. However,
most research concentrates on firms, rather than other species such as research institutes,
industry associations, and government agencies or regulatory organisations. We fill this void
by proposing poly-adic interactions of multiple different types of organisations. In our cases,
rare-earth firms find ways to mobilise external resources by interacting with other players in
the business ecosystem. They realise resource value and industrial development with the help
of other ecosystem players.



In order to map out inherent mechanisms of the business ecosystem, we need to interpret inter-
relationships of those key species first. Linkages of different organisations are embedded in
interdependent activities, which include joint projects, mutual commitments, and different
forms of alliances and communities such as strategic cooperation partners and joint ventures.
We elaborate the interdependence based on these interactive activities, rather than static
descriptions of each links. Decomposing interdependence from an ecosystem perspective helps
revealing the nature of business ecosystems.

Interdependence is an inter-disciplinary theory that has been discussed in the field of economics,
sociology, and organisation theory, etc. The study of interdependence among firms’ activities
builds on the long tradition in evolutionary economics of exploring how challenges to
identifying profitable sets of productive activities can lead to intra-industry heterogeneity and
provide a nuanced understanding of how competition evolves over time (Lenox et al. 2010).
Intrinsically, interdependence reflects the extent of competitive and symbiotic nature of
relationships (Pfeffer and Salancik, 2003). Its effects are not only identifiable in practice but
also analogous in magnitude to the effects of other environmental aspect (Vagnani, 2015).

On the Web of Science database, there have been over 900 academic papers about
interdependence in business and management studies to date, but the vast majority of research
is about intra-organizational interdependence. Applying interdependence theory to the study of
intra-organizational process is consistent with organizational rationalities that ask for internal
adjustment and coordination (Cheng, 1983; McCann & Ferry’s, 1979; Thompson, 1967; Weick,
1979). On the other hand, inter-organisational interdependence refers to the tightness of
coupling (Orton & Weick, 1990) and the level of mutual commitment between partners
(Leonard-Barton, 1995). Various interdependence frameworks have been used to represent the
intensity and complexity of alliance relationships in general (e.g., Contractor& L orange,1988).
In highly uncertain contexts, causal ambiguity exists in the process of resource exchanges
among organisations and their social networks. Interdependence becomes a managerial issue
for strategy makers: How to manage complex interdependencies of multiple levels with
dispersed ecosystem players.

Among extant varieties of descriptions on interdependence, workflow and resource
interdependencies are the two representative formations. No matter it is a pooled, sequential or
reciprocal pattern (Thompson, 1967), or asset, task and technology interdependence, they are
belonged to either workflow or resource interdependence, or a mix of both. However, it is not
sufficient to explain how these interactions effect on the business ecosystem and vice versa.
We therefore attempt to integrate interdependence and business ecosystem into one framework,
and delineate interdependence dynamics by analysing strategic renewal and industrial
transformation.

Research methodology

This research adopts the case study approach, as it is mainly to answer the question of ‘how’
rather than linear causalities (Yin, 1994). As inter-organisational interdependence of business
ecosystems is not a well-established theory, we choose to conduct exploratory research



(Eisenhardt,1989; Yin, 1994). With a philosophical position of social constructivism, we look
at the Chinese rare earths industry and its value networks. On the one hand, the number and
scale of rare earth companies and related organisations are limited over the world, so it is
unlikely to gather a large enough sample for the hypothesis-deduction analysis and
mathematical modelling. By contrast, however, the case pool seems too large and too complex
for a cricalist to carry out reflexive actions, as the objective world involve numerous high-tech
industries with scientific and technological speciaties. Only constructivism provides an
appropriate base for this research. On the other hand, social constructivism has the advantage
to explain the whole picture and all settings of people and groups, not statistical as positivists
while not sceptical like criticalists. By repeated, persistent observation and interpretations of
the stakeholders, not only can this research map the rare earth industry and its business
ecosystem as a whole, but also retain the complexity and richness of the inter-relationships
among ecosystem players.

The unit of analysis is the interdependent activity. Interdependent activities include joint
projects, mutual commitments, and different forms of alliances and communities such as
strategic cooperation partners and joint ventures. Our case entities include all key ecosystem
players, ranging from leading rare earths manufacturing firms to their related organisations,
such as industry associations, R&D centres and product exchange platforms.

Data is collected in the form of multiple on-site investigations, one-to-one semi-structured
interviews and formal group meetings, supplemented by participatory action research lasting
ten years. In-depth data mainly came from interviews. We interviewed top managers, chief
engineers, finance directors, head researchers, and policy makers at multiple levels. The
selection of interviewees was based on whether the person has significant influence on strategy
making and interdependence change. Each interview took 1 to 2 hours. We strictly followed
the “24h rule” to transcribe all interviews within a day (Eisenhardt,1989). We cross-checked
the facts by interviewing different staff and managers in different departments. In addition, with
the assistant of Wechat group, some insider groups such as rare earths application forums and
environmental alliances are assessable in real time. Meanwhile, we make full use of public
documents such as government policy reports, patent information, annual reports of listed rare
earths companies, and trading statistics from different sources, etc. In our longitudinal studies,
we have conducted multiple case qualitative analyses and formed insights of interdependence
dynamics of the rare earths ecosystem. Our assumption is that firms can gain additional
resources from their business ecosystems, and they form appropriate strategies to realise
resource value based on inter-organisational interdependence. Following this logic, we tend to
capture strategy forming processes at each stage of industrial development. Our research
questions focus on how interdependence effects on corporate strategy making, and how this
transforms the business ecosystem.

Case study analyses and discussions

In the fast changing rare earths industry, firms tend to manage interdependence from an
ecosystem perspective. As an interdependent activity normally involves several organisations
in action together, we need to figure out main players in each project first (Table 1). Inducting
from our case studies, we are able to summarise interdependence patterns along two dimensions.



We adapt a framework from project interdependencies by Newell et al. (2008). Interdependent
activities can be seen as a matrix of ecology and interactivity. Different ecology levels indicate
whether the business ecosystem has simple or complex configurations. It shows how many
“species” co-exist, and time, space and type of organisations involved in the same ecosystem.
On the interactivity dimension, it illustrates how interdependencies are managed across
activities. Interdependent activities can be exemplified by all kinds of programs surrounding
the rare earths industry (Figure 1).

Table 1 Key Players Identification

Case Number of Duration of decision making Complexity  Level of
key players  (year) interactivity

MRI joint 6 2 (It took two years to decide Complex High

venture the cooperative project)

TJ pilot test 5 1 Complex High

base

Baotou 12 1.5 Complex Low

product

exchange

Aerospace 3 0.5 Simple Low

co-project

Fujian 3 1 Simple High

alliance

Jiangxi 10+ 5 Complex Low

alliance

Permanent 17 3 Complex High

magnet

network

Multiple dispersed activities
involved but mostly operating
independently on tasks with
output pooled or sequentially
added

Complex

(e.g., Baotou RE Exchange; China-
Japan Communication Mechanism;
RE Valley Programmes; Jiangxi RE
‘Warring Era’; Co-pricing mechanism)

Small number of co-located
activities each operating
independently on homogeneous
products with limited additional
resources pooled or sequentially
added

Ecology
(Time, space, number of organizations involved)

(e.g., RE upstream local competition;
Aerospace/defence applications)

Simple

Low

Multiple dispersed activities
working together reciprocally in
order to integrate knowledge and
create new value

(e.g., Battery co-programs; MR joint
venture; Baotou annual forum; Pilot
test bases; Joint R&D centres;
Permanent magnet cooperation
network)

Small number of activities
working together reciprocally in
order to integrate knowledge
and create complementary
value

(e.g., Fujian RE group; Hunan RE
applications)

High

Interactivity
(How interdependencies are managed across activities)

Figure 1 Interdependence Pattern



According to our case studies, four propositions can be proposed for further analysis. We do
not divide interdependent activities merely by positive and negative interdependence, but
combining business ecosystem perspectives to complete the typology (Figure 2).

prone to ' prone to
competitive _ explorative
interdependence | interdependence
prone to : prone to
exploitative : symbiotic
interdependence | interdependence

Figure 2 Interdependence typology

Proposition 1: Interdependent activities with high degree of interactivity and complex ecology
features are prone to be explorative interdependence. Cooperative projects and innovations are
more likely to occur in this context.

The most typical explorative activities are led by Company A — the largest rare earths producer
in China and the world. At the beginning of value nurturing, Company A tended to invest
multiple joint ventures in rare earth applications with Western companies. The Corporation
ROB is a typical subsidiary in this respect. It was originally a China-U.S. collaborative project,
producing intermediate components for electric vehicles, including high-power MH-Ni
batteries, battery plates, and hydrogen storage alloys. Three American companies and one
Chinese company signed the collaborative contract. In order to solve technical problems, A
evolved the Japanese Company S to join in the project at a later stage, which helped updating
the equipment of automatic nickel-hydrogen battery assembly line.

Instead of foreign joint ventures, Company A has been seeking domestic collaborations more
recently. For example, it enables catalyst projects to be established with its strategic co-
operative partner— the Corporation SC. As rare earths have various potentials to be used in
catalyst materials, the two corporations connect the upstream and downstream value chain,
while developing new applications of rare earth-based catalysts co-operatively. Also, this
decision is based upon the fact that A produces a large number of Lanthanum (La) and Cerium
(Ce) compounds, due to the ore composition in Baiyun’Ebo Mine. The prices of La and Ce raw
materials are comparatively lower than the rest of rare earth elements, whereas abundant
resources of La and Ce elements can be useful in catalytic technologies, promoting energy
efficiency and benefiting the environment. In this sense, it is more profitable for the corporation
to move up the value chain into catalytic applications, rather than selling raw materials directly.
The cooperation decision making occurred on a national rare earth industrial forum, which
provided a platform for multiple sides to negotiate business opportunities.

With regard to cross-industry interaction, Company A has prioritised medical equipment to
expand its value network. It has helped nurturing the Corporation XB in the Rare Earth



Application Park in Baotou, which focuses on magnetic resonance imaging (MRI) technologies,
utilising several tons of rare earth permanent magnets in each end product. Compared to
superconducting MRI machines, the rare earth MRI system is more efficient in terms of energy
saving and daily maintenance, and it does not cause any radiation to human body, according to
the chief scientist of the Company XB. However, it is a challenge to lobby local hospitals and
governments, obtaining medical permits before manufacturing and marketing. Thus the XB
mobilises institutional resources from governmental agencies, in order to achieve better
economic performance. Governments play an influential role in this interdependence.

Proposition 2: Interdependent activities with high degree of interactivity but simple ecology
features are prone to be symbiotic interdependence. Cooperative projects are more likely to
occur, and complementary resources are exchanged more efficiently in this context.

In the case of Fujian rare earth alliance, three leading firms initiate international collaborative
projects and cross-country research cooperation. They seek technology integration through
overall processes and comprehensive development. Meanwhile, corporate alliances lead
proactive interaction with local governments, influencing policymaking processes and co-
evolving with local development. Products of the alliance are diversified into interdependent
niches, ranging from interior air clarifier, hydrogen storage materials, electric vehicle batteries,
structural ceramics, catalysts, and optical materials, etc. Highly symbiotic and complementary
assets of these three firms enable efficient decision making and effective cooperation. The
alliance has entered emerging markets as leverager, such as electric vehicles and off-shore wind
turbines.

Proposition 3: Interdependent activities with low degree of interactivity and complex ecology
features are prone to be competitive interdependence. “Co-opetition” — conflict and cooperation
exist at the same time. Consequences of this interdependence can go either way — conflicts and
ineffective cooperation are more likely to occur in this context.

Both conflict and cooperation can be incorporated into inter-organizational interdependence.
Through “coopetition”, the exchange of resources is the key issue for understanding relations
among organizations. For the recent two years, six rare earth conglomerates have conflicts and
cooperation through different interdependent projects. For example, the six leading companies
have formed co-pricing mechanisms. They don’t really think following the classic “input-
output” way, but having joint programs to influence the market as a whole. Although its
objective is to cooperate on collective pricing, the result turned out to be low frequency of
interaction and unsuccessful cooperation.

Proposition 4: Interdependent activities with low degree of interactivity and simple ecology
features are prone to be exploitative interdependence. Cooperative projects and innovations are
limited in this context.

Decision-making is constrained by this status of interdependence. The business ecosystem has
few species to support versatile innovative interactivity. In some cases, governments have strict
regulations on certain application areas, which constrains co-projects to be conducted.



Conclusion and future research

A conceptual framework has been developed to delineate the dynamics of the interdependence.
It reveals inter-organisational changing patterns and co-evolving processes within a business
ecosystem. High degree of interdependence does not necessarily lead to a healthier ecosystem
and high value creation. In contrast, loosely connected interdependence tends to create more
sustainable joint programs, and is more likely to benefit from the exchange of resources through
cooperation.

This research is only conducted in the rare earths industry which may affect the generalizability
beyond this sector. However, it enriches business ecosystem theory, particularly in the aspect
of cross-level interactions and interdependence dynamics among different ecosystem players.
The findings not only expand the empirical studies of business ecosystems from mainly digital
industries to broader areas, but also help to achieve resources’ value potentials, integrating
industrial dynamics and interdependence theories into business ecosystems.

Future work will involve inter-relationships among suppliers, consumers, policy makers,
industry associations, and other related organisations. We will do cross-industry case studies,
breaking down the dynamic processes between resource and value, while analysing co-
evolution mechanisms of different players in the business ecosystem. As rare earths are critical
and strategic resources for both China and the world, this research could also offer implications
for both policymakers and social organisations, intertwining co-evolving networks while
nurturing shared value for socio-economic and environmental sustainability.
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1 Introduction

The 1990s witnessed the fast growth of internationalisation of R&D because of the MNCs’
implementation of global R&D strategies (Yoichi, 1991). MNCs from various industries had
been internationalising their R&D activities, not only those headquartered in developed
countries (Ambos, 2005; Hakanson, 1990) but also, increasingly, those newly established
MNCs from emerging countries (Di Minin et al., 2012). Globalised R&D units were becoming
active contributors to the global strategy and innovation of MNCs. Strategic management of
these globally distributed but internally connected R&D units owned by MNCs, the IRDNSs,
became a significant problem for both practitioners and researchers.

Earlier scholars identified different roles of R&D units within MNCs (e.g. Ghoshal, 1986;
Hewitt, 1980). Then, a configurational approach has been adopted to understanding the
networks of R&D units within MNCs (e.g. Ghoshal, 1986; Kuemmerle, 1997), which
considered global R&D management is to manage a portfolio of differentiated R&D units
that can be loosely connected and referred to as IRDNs. The network based research gained
popularity in R&D internationalisation research. However, with the concept of open
innovation being proposed, the academic community moved to understand inter-
organisational R&D networks to leverage external resources that are critical and
complementary for global innovation performance of MNCs. In the recent ten years, there is
rather inadequate research on intra-firm R&D network (Liang & Shi, 2013).

While few studies draw attention to the intra-firm IRDNSs, practitioner began to expand their
global R&D activities again. Many MNCs have established new R&D centres in countries
that are beyond their previous focuses whereas others re-designed their IRDNSs in terms of
organisational structure, functionality and innovation strategy. For example, ABB established
their R&D centre in Shanghai in 2006 and IBM set up new R&D centres in Shanghai in
2008, the Oceania (Melbourne) and South America (Rio de Janeiro and Sao Paulo) in 2010.
Huawei, a MNC from China, also built three R&D centres in Italy, UK and US in 2011.
These new industry practices in R&D internationalisation are not well explained by earlier
theories, which necessitates a re-visit to the dynamic issue on intra- firm R&D network.

The literature on intra-firm R&D networks is still sparse but classic, similar to the situation
that Nobel and Birkinshaw (1998) noted. These studies focus on configurational analysis on
the structures of IRDNs (e.g. Chiesa, 2000; Granstrand, 1978; Hakanson & Nobel, 1993;
Ronstadt, 1984), through which researchers were seeking a ‘best’ structure to organise global
R&D. However, they also pointed out that different IRDNSs are suitable for different contexts
and business strategies, and MNCs with different strategies adopted distinctive approaches to
structuring their IRDNs (Miller, 1994; von Zedtwitz & Gassmann, 2002). Its IRDN structure
is critical to an MNC’s innovation and business because different structures can support
different capabilities (Ghoshal & Bartlett, 1988) and different approaches to entering markets
(Miller, 1994). Accordingly, this research concentrates on exploring how MNCs have designed
their intra-firm IRDNSs in the recent years. The analysis builds upon the theoretical streams of
R&D units and IRDN classifications (e.g. Birkinshaw, 2002; Chiesa, 1996, 2000; Nobel &
Birkinshaw, 1998; Reger, 1999; von Zedtwitz & Gassmann, 2002).

This paper is structured as follows. We begin with reviewing related literature on R&D
networks to clarify the essence of R&D network design. Following this, there is a detailed
introduction and justification of the methodology on how we select case companies, collect
data from them and analyse the collected data. Further, we summarise new insights of intra-



firm R&D network in terms of network specialisation, structure and operating mechanism.
Finally, we conclude the theoretical contributions and limitations of this research as well as
the potential directions for further research.

2 Theoretical Underpinning

2.1 Upgrading of Global R&D Units

Several researchers (Ghoshal, 1986; Mansfield et al., 1979; Ronstadt, 1977) have observed the
functionalities of MNCs’ overseas R&D facilities. These observations focused on the changing
nature of the facilities’ roles and responsibilities, which served as theoretical foundations for
IRDNs (Howells, 1990). Table 1 summarises some studies on classifying R&D units. The
classification of MNCs’ overseas R&D units depends on the different capabilities and market
coverage of these units. Activities in R&D units include scanning, adapting, developing and
researching, depending on their capabilities. The marketing coverage of R&D units can be
local, regional, international or global, also depending on their capabilities. Therefore,
geographic coverage and R&D capabilities are two main dimensions for differentiating R&D
units. These two dimensions are consistent, as, typically, units with higher levels of R&D
capabilities can serve a larger scope geographically. Most previous studies, as shown in the
table, were highly consistent in classifying R&D units, which suggests the heterogeneity of
these units. For instance, Nobel and Birkinshaw (1998) shared Pearce’s (1989) definition on
three types of R&D units and found equivalences to other classifications.

Table 1 Previous research on classifying R&D units

Studies Classifications of R&D Units
Ronstadt, 1977 Technology Indigenous Global Corporate
transfer unit technology technology units  technology
units units
Mansfield et al. , Technology transfer unit Headquarter R&D
1979
Hewitt, 1980 Adaptive unit Local market-  Global units
oriented unit
Pearce, 1989 Support Locally Internationally
laboratory integrated interdependent
laboratory laboratory
Gupta & Implementer Local Integrated player  Global
Govindarajan, 1991 innovator innovator
Hékanson & Nobel, Technical Adaptive unit Generic unit Research unit
1993 support unit
Reddy & Regional technology units Headquarter R&D
Sigurdson, 1994
Nobel & Local adaptor International Global creator
Birkinshaw, 1998 adapter
Chiesa, 2000 Support/Adaptive  Local (Local or global)  Technology
unit development research lab scanning units
lab

Source: adapted from Nobel & Birkinshaw (1998, p. 481)

Additionally, R&D units have different processes to upgrade their innovation capabilities (e.g.
Hakanson, 1990). The upgrading process can significantly impact the units’ heterogeneity, as
all the researchers mentioned in Table 2-3 above noted. However, during their observations,
only part, not all, of the R&D units in the R&D network upgraded. The increasing
heterogeneity of functionalities of R&D units indicates that it is critical to differentiate R&D



units considering their responsibilities and capabilities (Ghoshal, 1986). This is mainly because
R&D units in different regions can have different location-based advantages and resources
(Bartlett & Ghoshal, 1989) that are critical to particular type(s) of R&D activities. For instance,
the R&D unit of an MNC located in a developed country may focus on research-based work
whereas the R&D unit of an emerging MNC located in a developed country is more likely to
be a technology scanning centre. With this differentiated approach, MNCs can further exploit
these advantages and resources to improve the global innovation performance.

These specialisation trends of R&D units (Gerybadze & Reger, 1999; Gupta & Govindarajan,
1991) indicate that global innovation usually involves coordination of these differentiated
R&D units to complete global innovation tasks (Granstrand & Fernlund, 1978; Reger, 1999).
Traditional coordination of global R&D units relies on formal mechanisms such as policies,
liaison person and committees (Reger, 1999). Centralisation and autonomy have been two
focuses in the formal mechanisms of coordinating global R&D (Chen et al., 2012; Dobrajska
et al., 2015). While centralisation can improve efficiency for technological and fundamental
innovation, decentralisation can be beneficial to effective market response. Similarly,
autonomy can encourage researchers to focus on future technologies whereas mandate can
tighten the linkage between R&D and business.

From an information processing perspective, Egelhoff (1982) argued that coordination is the
key to linking structure to strategy. R&D units’ methods of coordination and communication
became significant to form and support an efficient and effective R&D network. Proper choice
and use of coordination mechanisms have a significant impact on the overall performance of
an MNC’s global R&D (Doz & Prahalad, 1984). Reger (1999) further specified selection of
different types of communication mechanism was based on organisational factors and
geographic factors. The diversity of geographic locations makes the coordination of specialised
R&D units more complex. Many other factors, such as level of cultural differences, should also
be considered.

Other issues can also be influential in coordination, as identified in the literature. For instance,
every R&D unit is set in different strategic contexts that require different strategies for control
and coordination (Gupta & Govindarajan, 1991). The context of an R&D unit is, however, a
location-based issue, which can be very complicated to discuss. Global R&D requires frequent
and substantial knowledge flows to coordinate (Kim et al., 2003), which relies largely on
information systems that improve the effectiveness and efficiency of coordination more than
the formal mechanisms (Kim et al., 2003). Adoption of information systems has changed the
pattern of coordination in global R&D (Moitra, 2008). There has been a trend for informal
mechanisms to complement or replace formal mechanisms over time (Martinez & Jarillo,
1989).

2.2 International R&D Network- Configurational Classifications

Most previous researchers decomposed global R&D structure as a network of R&D units that
are dispersed geographically with different innovation capabilities and location advantages. A
network of global R&D is a connected system coordinated with differentiated and dispersed
R&D units. Within the network, there are many flows of knowledge, information and/or people
through global R&D projects. Researchers often analysed the structures of these networks to
propose classification systems for global R&D (e.g. Birkinshaw, 2002). Reviewing all these
studies across different industries will provide a comprehensive understanding of IRDNs.



Table 2 summarises six studies that classify global R&D structures. Most researchers (e.g.
Birkinshaw, 2002; Chiesa, 1996; von Zedtwitz & Gassmann, 2002) have concluded that a
firm’s IRDN may ultimately evolve to be a global integrated network (GIN). However,
definitions of GINs vary. Chiesa (2000) defined two different GINs. One follows a network
structure that consists of dispersed R&D units in the same product/process/technology area,
whereas the other is a specialised contributors structure in which each unit specialises in a few
disciplines and a piece of R&D work and is managed by a coordinator R&D centre. Gassmann
and Von Zedtwitz (1999) argued that a GIN is a structure in which “central R&D evolves into
a competency center among many interdependent R&D units which are closely interconnected
by means of flexible and diverse coordination mechanisms” (Gassmann & von Zedtwitz, 1999,
p. 243). They further elaborated this concept, stating that networks “have distributed research
as well as development worldwide and aimed for global coordination of R&D activities” (von
Zedtwitz & Gassmann, 2002, p. 579). This definition is very similar to Birkinshaw’s (2002).
The differences in definitions of GINs relate to the different dimensions used to classify IRDNs.
Chiesa’s (2000) classifications emphasised the specialisation of R&D capabilities, while others
(e.g. von Zedtwitz & Gassmann, 2002) argued that, in GINs, R&D units become less
heterogeneous in their capabilities, and all serve as global contributors.

Table 2 Previous studies on intra-firm R&D networks
Studies Classifications of IRDNs Industry Dimension(s)
Miller, 1994 -Corporate home-based Automobile Geographic Dispersion
-Regional generalists
-Partly dispersed

-Dispersed
Chiesea, 1996 *|solated specialisation Technology Coordination
*Specialised contributor intensive
*Integrated based
Gassmann & -Ethnocentric centralised Multiple Dispersion and
von Zedtwitz, -Geocentric centralised coordination
1999 -R&D hub
-Polycentric centralised
-Integrated
Birkinshaw, *Integrated Multiple Observability and
2002 *Loosely-coupled mobility of knowledge
Chiesea, 2002 -Centre of excellence Technology Coordination and
-Supported specialised intensive capability of R&D
-Specialised contributor units
-Integrated
Von Zedtwitz &  *National treasure R&D Multiple Dispersion and
Gassmann, 2002  *Market driven Specialisation of R&D
*Technology driven
*Global

Most studies show consistency in the variance among IRDNs. Most of these studies follow a
four-type classification while one of them is home-based R&D, in which most R&D activities
are conducted only in the headquarters although the company serves global markets. Such a
headquarters-centred R&D structure may not be a very good example of an IRDN whose
definition focuses on global dispersion and coordination of R&D units. The other three types
present global IRDN structures. The first type is a development-oriented IRDN, where
development units are dispersed worldwide, and research units are relatively central to the
home base. The second one is similar to the first one, in which the research units are globally
dispersed rather than development units. The last type is a structure in which all development
units and research units are globally distributed. The R&D activities of the last structure require
global specialisation and coordination.



2.3 Summary: Research Gap

According to these studies, well-established MNCs are now operating the same type of IRDNS,
i.e. GINs, in which R&D units all become centres of excellence in one or a few technology
domains or product categories. This contrasts with earlier classifications (e.g. Chiesa, 1996,
2000) that suggest an IRDN has only a few centres of excellence that are responsible for
supervising other units. These IRDNs, despite being of the same type, show differences in
global R&D operations and performances. Such a theoretical gap indicates there should be
additional factors that influence global R&D management and shapes IRDNSs. These factors
have been uncovered in previous studies, so they cannot explain contemporary IRDNSs. Thus,
new research is need to revisit the topic to explore and clarify these factors.

Meanwhile, the research on R&D units and previous studies on intra-firm R&D networks has
laid a solid foundation for further exploration. Particularly, these studies enabled elaboration
of the definition of the IRDN, that is, specialised R&D units in the home and overseas markets
established by a MNC, connected by tight or loose controls, complex or simple flows of people,
information, materials and technologies with appropriate communication mechanism (adapted
from Birkinshaw, 2002; Chiesa, 2000; von Zedtwitz & Gassmann, 2002). Meanwhile, the
review suggests the intra-firm R&D network is currently the research gap. Over ten years ago,
this topic had been studied, especially the concept and structures of IRDNs. However, the
industrial reality has changed dramatically compared with the situation ten years ago.
Moreover, the operating mechanism of IRDNs has not been systematically studied. Thus, this
topic is worth revisiting. In order to capture the new phenomenon (Yin, 1994), case study can
be selected as the main research method, as it is common in previous studies.

3 Research Methods- Case Study Design

The variances in IRDNs in previous literature and current practices suggest the necessity for a
multiple and inductive case design (Eisenhardt, 1989) so that the researcher can capture the
variances and build up a better theory to describe and explain them. Similar to a general
qualitative research design proposed by Richards and Morse (2007), Yin (1981) and Eisenhardt
(1989) developed two consistent processes for theory development through case studies. Their
processes will be synthesised for implementation during the case study on IRDNSs.

3.1 Unit of Analysis

To be linked with previous literature (Table 2), this research will choose a unit of analysis
similar to that used in extant studies. Many MNCs have experienced changes in their IRDNs
in recent years; however, previous studies have not captured these recent changes, instead
only providing snapshots of the intra-firm R&D network. Hence, the proper unit of analysis
for this research is the IRDNs of MNCs including their geographic, operational and strategic
developments in the past.

3.2 Selection of Cases
In order to study IRDNSs, suitable case companies will be chosen through the theoretical

sampling method that likely allows the development of more plausibly reliable theories from
variances or even extreme IRDN cases (Eisenhardt, 1989; Siggelkow, 2007). To be specific,



the potential cases should include both established MNCs from developed countries, which
have been studied in previous research, and emerging MNCs from developing countries, which
have not been covered previously. Of course, these MNCs should have established IRDNSs.

R&D management theory suggests that it is important to understand R&D within its industrial
and national context. There are four industries that have frequently been studied previously
(Liang & Shi, 2014), i.e. hi-tech industry, automobile industry, machinery industry and FMCG
industry. These four industries can be very proper settings for IRDNs due to their R&D
intensity, R&D FDI intensity and variances in industrial dynamics that allow understanding of
how IRDNs interact with environmental changes (Ethiraj & Levinthal, 2004). Meanwhile,
Liang and Shi (2013) argued that European MNCs and Chinese MNCs are currently very
popular for research because of their active roles in R&D internationalisation. For comparison
reasons, it is more favourable to have paired cases from both regions in the same industry.

To consistent with previous research (Table 2), this research will take a replication strategy to
select cases. The initial case candidates will be selected from cases in the previous research but
with respect to the recent industry developments in IRDNs to offer novel stories for theory
building. Therefore, this research will focus on cases that have changed their IRDN operations
after 2002 when many established MNCs set up new R&D centres in China.

With all these criteria, six companies were chosen for conducting case studies. These cases can
be compiled into a matrix (Figure 1 below), which allows exploration of the diversities of
IRDNS in rich contexts.

Environmental Change Speed
(Ethiraj & Levinthal, 2004)

Unilever GSK
N/A Huawei

Electrolux BMW
Haier N/A

Higher R&D Intensity

Figure 1 Summary of case selection
3.3 Data Collection

Before data collection, secondary data, including Chinese news from Xinhua Agent’s
multimedia database and English news from LexisNexis, official websites of case companies,
relevant industry reports, public reports on global R&D of MNCs, company annual reports
and relevant books on these case companies’ global innovation, were searched for
background research. For both Chinese companies, the background search focused on their
history as much as possible, whereas for those established MNCs, the background search
mainly focused on data after 2002.

After the background research, fieldwork was conducted. Before the fieldwork, however, it is
essential to have a data collection protocol in order to consistently collect data for multiple
cases (Yin, 1994) and to ensure the reliability of this research (Gioia et al., 2013). A generic
case study protocol for data collection was developed to include all detailed research questions

1 Previous literature on intra-firm R&D networks ends in 2002, as seen in Table 2.



on IRDNs including IRDN’s R&D process, R&D context, internationalisation path, IRDN
configurations and reconfigurations.

Data have been collected from 2013 to 2015, with at least one on-site visit to each case
company. Primary data were mainly collected through semi-structured interviews,
complemented with observations and archival data. Theoretical saturation of data has been
considered in data collection. Cross-case comparison has been conducted to examine whether
extra data collected will bring out new insights into IRDNs. In total, there are over 70 valued
semi-structured interviews, 167 pages of selected transcription, 73 pages of fieldwork notes,
over 200 pages of archival data, and over thousands of news articles related to the topic as well
as over 11,444 pages of annual reports.

3.4 Data Analysis

An inductive grounded approach (Glaser & Strauss, 1967; Miles & Huberman, 1994; O'Reilly
et al., 2012) was adopted to analyse all transcriptions, fieldwork notes and secondary data on
(static) configurations and capabilities of contemporary IRDNs. Three-phase coding was
conducted, as Table 4 below.

Followed Glaser and Strauss (1967) approach to primary coding, the first coding phase was to
generate open codes from keywords extracted from original conversations in the transcriptions
and related secondary data. This resulted in initial primary coding systems generated with these
integrated open codes from each case. Typically, each case has around 15 to 25 open codes
from primary data. The second coding phase was axial coding, in which primary codes were
linked and clustered to identify categories, similar to Gioia et al. (2013) first-order constructs.
Before axial coding, the open codes for each case were synthesised and consolidated at the
cross-case level and resulting in 18 consolidated primary codes. These codes were categorised
into 3 axial codes, which enables to seek initial cross-case patterns to understand IRDNs. The
final round was selective coding, linking these axial codes to a theoretical theme (Table 4),
similar to Gioia et al. (2013) second-order constructs, that is, organisational enablers of IRDNS.

4 Findings
4.1 Case Profiles

Table 3 below presents an overview of global R&D of these case companies, which indicates
different contexts of IRDNSs. In this chapter, cases will be reported individually with the profile
and contexts of the case companies and the current features and historical development of the
IRDNSs. Current IRDNs of these case companies are all GINs but with many variances in their
contexts, operations and development processes. The variances of these IRDNSs are related to
whether the MNC is emerging or established and indicate potential patterns across cases and
enables cross-case synthesis to understand configurational features and organisational enablers.



Table 3 Summary of global R&D of case companies

BMW Electrolux GSK Haier Huawei Unilever

Year founded 1916 1919 2001, 1984 1987 1929,
dating back dating
to 1715 back to

the 1880s

R&D spending (in €5,169 SEK 3,210 £3,560 2,399 59,607 € 1,005

million)

R&D intensity* 5.61% 2.60% 14.88% 2.70% 15.09% 1.89%

Industry average**  4.50% 2.10% 13.00% 1.70% 3.95% 1.30%

Number of Over 150 Over 150 Over 150 Over 150 Over 150 Over 190

countries covering

Overseas market 87.3% 96.4% 73.0% 50% 57.54% 58.0%

size***

* R&D intensity is the percent of R&D spending in annual revenue.
** |Industry average is from PwC Stategy & (2016).
*** Overseas markets size is measured as the percent of overseas sales volumes in total sales volumes in 2015.
Source: summarised from annual reports of these companies

4.2  Cross-case analysis

The cross-case analysis also reveals three organisational enablers of IRDNs, as shown in Table
4 below. The illustrative quotations can be seen from the appendix and are marked accordingly.
Specifically, diversity and mobility of knowledge indicate operational enablers as the content
in IRDNSs. Pluralities of organisational supports refers to structural enablers in IRDNS, and the
last theme explains managerial enablers in IRDNs. Collective, they explain what enables
MNCs to operate their IRDNs efficiently.

Diversity and Mobility of Knowledge. As IRDNs are multinational, the operation of such
networks can benefit from diversifying and mobilising knowledge. In terms of the
multinationality nature, IRDNs enable MNCs to diversify their technology knowledge bases,
as shown by all cases decentralising and specialising research centres to various locations
worldwide to develop different technologies. Meanwhile, as mentioned earlier, location
decisions for these R&D facilities are carefully considered to access local clusters with
heterogeneous focuses on and advantages in innovations, as shown in BMW, GSK and
Huawei’s case. This indicates that, operationally, IRDNs are designed for diversifying the
MNCs’ technology base. Further, for diverse markets, IRDNs also need to respond to
heterogeneous local requirements for innovations. These requirements include customer
needs, local institutional requirements and local conditions, which are local knowledge for
MNC:s. In this sense, IRDNSs also need to process diversified market knowledge.

The diversified market and technology knowledge require intensive coordination internally to
enable economies of scope to be achieved. Thus, knowledge mobility also serves as an enabler
for IRDNs, particularly when R&D facilities are specialised. All the case companies have
adopted Intranet-based information systems for knowledge management, including depositing
documentations and archives, sharing personal experiences, technology and knowledge, and
connecting people for collaborative work and learning. For instance, Huawei’s W3 Portal is an
integrated system for sharing personal experience and official archives, Electrolux has two
databases to share detailed modules information across regions, GSK has developed the
Knowledge Management Toolbox, and Haier has an online platform with applications to
facilitate coordination at distance.



Table 4 Evidence and primary coding for IRDN organisational enablers

Illustrative Quotations Primary Codes Axial Codes
Electrolux (Q7), Haier (Q3), Huawei (Q14), 2.1.1 Heterogeneous local 2.1 Diversity
Unilever (Q6-Q8) requirements for innovation and Mobility

BMW (Q4-Q5, Q12), GSK (Q4), Electrolux
(Q4), Haier (Q4), Huawei (Q5, Q11),
Unilever (Q5, Q6)

BMW (Q11), GSK (Q4), Huawei (Q5, Q6),
Unilever (Q4, Q14)

Electrolux's architecture leader (Q15), Haier
(Q10), Huawei (Q6), Unilever (Q8)

BMW (Q10-Q12), Electrolux (Q10, Q16),
GSK (Q3), Haier (Q10-Q11), Huawei (Q12),
Unilever (Q8, Q11)

All cases

GSK (Q11), Huawei (Q11)

BMW (Q4), Electrolux (Q14), GSK (Q4),
Haier (Q5), Huawei (Q9), Unilever (Q4)
BMW (Q9), GSK (Q3), Unilever (Q5, Q8)

All cases, particularly GSK (Q16), Haier
(Q14), Huawei (Q9), Unilever (Q8)

BMW (Q8), Electrolux (Q14-Q15), GSK
(Q4), Haier (Q11), Huawei (Q10), Unilever
(Q8, Q9)

BMW (Q7), GSK (Q4), Haier (Q9)

Haier (Q11), Huawei (Q12)
GSK (Q5), Haier (Q8), Huawei (Q8)

GSK (Q15), Huawei (Q16, Q18)

See “Globally dispersed and specialised
research centres”, “Globally dispersed and
specialised development centres” and
“Strategic planning for knowledge
integration”

See “Decentralised R&D workflow-
research, development and localisation” and
“Facilitate internal knowledge sharing”
See “Diverse technological knowledge
bases” and “Open innovation and
collaboration”

2.1.2 Diverse technological
knowledge bases

of Knowledge

2.1.3 Heterogeneous local
clusters for innovation
2.1.4 Strategic planning for
knowledge integration
2.1.5 Facilitate internal
knowledge sharing

2.1.6 Information system for
internal knowledge
management

2.2.1 Matrix organisation 2.2 Pluralities
2.2.2 Cross-functional and of
interdisciplinary teams Organisational
2.2.3 Internal competition in Supports
R&D

2.2.4 Standardised R&D

process

2.2.5 Organisational interfaces

with other departments

2.2.6 Direct linkage with top
management

2.2.7 Supportive HR policy
2.2.8 Platform to leverage
external resources

2.2.9 Innovative culture

2.3.1 Centralised vs. 2.3

Decentralised R&D Planning ~ Ambidexterity
in R&D
Decision-
making

2.3.2 R&D Autonomy vs.

R&D Mandate

2.3.3 Open vs. Closed
Innovation

Besides information systems, there are also several other means by which to facilitate internal
knowledge sharing within an IRDN. For instance, Electrolux and Unilever’s dispersed GDCs
usually coordinate several product lines for developing new products with shared
modules/components. GSK usually organises interdisciplinary discussions over diseases. Haier
promotes personal rotation in business units and R&D centres for sharing knowledge. Huawei
and BMW emphasise R&D staff training and educating for knowledge sharing and
accumulation. More formally, several companies take advantage of strategic planning (Haier,
GSK and Unilever) and regional planning (Huawei) to enhance knowledge integration among
specialised R&D facilities, as each facility will be clearer on its position in the IRDN and focus

on R&D activities.



Pluralities of Organisational Supports. Organising globally distributed R&D facilities for
an R&D project is far more complicated than having one centralised facility. With a
distributed structure, IRDNSs require organisational supports for their global operations. Plural
levels of organisational supports have been identified for effective IRDN operations, namely,
group level, department level and organisational level. These pluralities of organisational
supports suggest the complexity of IRDN operations and the need for a systematic approach
to supporting these operations.

Firstly, all the cases suggest that interdisciplinary teams can be essential for global R&D,
although the uses of such teams differ across R&D workflow. For instance, GSK, Electrolux
and Unilever’s research teams are interdisciplinary whereas BMW, Haier and Huawei’s
development teams are interdisciplinary. Meanwhile, a matrix organisation has also been
commonly used for global R&D teams, as suggested by GSK, Huawei and Unilever’s cases,
in that a dual structure of project-based teams and hierarchical departments has been applied
to all their R&D teams. Meanwhile, some case companies have introduced internal competition
for global R&D, which can be another instrument to support efficient IRDN operations, as
found in BMW, GSK and Unilever. Meanwhile, standardisation of R&D workflows has
become a general enabler for all the case companies as a remedy for the geographical
decomposition of R&D workflows. Thus, standardising workflow is an important enabler for
R&D workflow interdependence. Standardised workflows can ensure the quality and mutual
understanding of deliverables for the next sequential activities that will likely be conducted in
another country and by another group of people. Coordination and communication cost can be
reduced with these standardised workflows. Specifically, there are several different ways to
standardise the workflow. Emerging MNCs tend to hire a consulting firm to help them
standardise their R&D process, as Haier and Huawei did. Firms that grew up from M&As tend
to focus on their traditions in the R&D process and promote these efficient processes to
accommodate different R&D habits from the acquired companies, as shown by GSK, Unilever
and Electrolux.

Organisational supports at the group level mainly facilitate the operations within an R&D
project in an IRDN. IRDNSs also interact frequently with other functional departments, such as
marketing and manufacturing. Thus, IRDNs also require support at the cross-functional
department level. Specially, all cases show a pattern to standardise organisational interfaces
between R&D department and other departments, either across the consolidated and
collaborative R&D process (BMW, Electrolux, Huawei and Haier) or from decision-making
in R&D projects (BMW, GSK and Unilever). IRDNs can also be directly linked to top
management, as BMW’s top management directly leads the Design Studios and GSK’s
Discovery Investment Board directly manages the DPUs. Besides, Haier and Huawei have
transformed their HR policies to improve the performance measure and incentives of R&D
staff for IRDN operations.

Organisational supports at the department level facilitate IRDN operations across functional
units. There is also evidence that effective IRDN operations require support at the whole
organisation level. Innovation culture can be an important instrument for IRDNs, as found in
GSK and Huawei’s cases, where innovation culture, particularly the norm of cooperation, is an
enabler to improve the performance of global R&D projects with distributed R&D facilities.
Meanwhile, the implementation of open innovation with IRDNSs also requires organisational
level support. Several cases companies, such as GSK, Haier and Huawei, have established
different platforms that support the leverage of external resources into their IRDNs. The
establishment of these platforms indicates that organisational support for IRDNs should be
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considered broadly to facilitate the deployment of internal resources and leverage external
resources together for global innovation.

Ambidexterity in R&D Decision-making. Another organisational enabler of IRDNS is
about the R&D decision. Traditional R&D decision-making is centralised for R&D
managers, who decide to explore future technologies or exploit existing technologies. The
IRDNSs are decentralised and multinational structures; in deciding how best to operate them,
MNCs need to consider extra factors such as, trade-off between efficiency, responsiveness,
innovativeness and cost in a global context. Thus, there has been an ongoing academic debate
on centralisation and decentralisation of global R&D decision for many years (e.g.
Govindarajan, 1986; Siggelkow & Levinthal, 2003). The cases in this research suggest a
mixture of both sides, as all the cases illustrate a pattern of ambidexterity in centralisation
and decentralisation of R&D planning. As for multinationality, BMW and GSK’s top
management engage in R&D decisions, which is a more centralised approach, whereas
BMW?’s research decisions are decentralised to each facility and GSK’s development
decisions are also more decentralised. As for R&D workflow interdependence, Electrolux’s
GDCs are specialised in product categories. Within such categories, the R&D decisions are
centralised in that GDC; in contrast, while considering the whole IRDNs, the development
decisions in Electrolux are decentralised to each GDC. In this sense, ambidexterity in
centralisation and decentralisation enables Electrolux to benefit from its multinationality for
efficient IRDN operations. These cases indicate, in the global context, that IRDNs, by
balancing centralisation and decentralisation in R&D decisions, can take advantage of the
multinationality and R&D workflow interdependence to improve the performance of global
innovation.

Another ambidexterity in IRDN is R&D mandate versus autonomy, which reflects the trade-
off between business needs and technological feasibility. Mandates from headquarters’ R&D
department, requested by the marketing department, indicate the urgency that R&D projects
respond to potential market needs by exploiting owned technologies. However, scientists and
engineers always prefer an autonomous status in their R&D activities, as they can explore
whatever they want to satisfy their curiosity about science and technology, which likely
improves their output. In IRDNs, R&D mandate and autonomy can take advantage of R&D
resource interdependence for better performance. For instance, Huawei’s overseas research
centres are autonomous from regional subsidiaries and conduct research freely on different
technology domains. However, they are also under mandates from regional R&D headquarters
and the central R&D department through technology roadmapping to integrate with corporate
strategy. Huawei benefits from ambidexterity in R&D mandate and autonomy to improve its
IRDN’s efficiency and relevance for the business. Another example is found in Haier, which
makes use of ambidexterity in its R&D mandate and autonomy for balancing local
responsiveness and global efficiency. Haier’s each centre is responsible for each region, which
is an autonomous and responsive method. Haier also conducts strategic planning for
technology development together with all centres for R&D coordination, which is an R&D
mandate and an efficient approach.

Further, R&D resource interdependence involves open innovation. IRDNSs serve as important
tools for MNCs to implement open innovation, for its multinationality and location advantages.
Thus, the last ambidexterity for R&D decision-making is open innovation versus closed
innovation. MNCs need to trade-off what can be open and what needs to be closed in global
innovation with the IRDNs. GSK has been very open in its medical and biotech research but
remains closed in the development and testing stages. Unilever has followed a similar pattern
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in open innovation. Such ambidexterity indicates how MNCs would like to have a balance in
IRDNs to protect their technology cores while wishing to open up and leverage external
resources for global innovation. The only exception is Haier, which has been increasingly
opening up the whole company with its HOPE.

5 Discussion and Conclusion

Previous research on intra-firm R&D networks focused largely on descriptions and summaries
of the current situations of industrial practices (Chiesa, 2000; Granstrand, 1999; Hakanson &
Nobel, 1993; Ronstadt, 1977). The narrative nature of these studies prevents them from
embedding management theories to understand global R&D management. Consequently, these
studies were taxonomies that could describe these IRDNs but were inefficient to explain and
predict the on-going development of MNCs’ global R&D activities.

In contrast, this research develops deepen the understanding of IRDNs with organisation theory
and aims to explain the organising nature of IRDNs. Beyond the configurational analysis, this
research focus on explaining contemporary IRDNs with the organisational enablers that
facilitate the global operations of specific IRDN structures. In this sense, the research can be
seen as an alternative approach to understanding IRDNSs. The new constructs of organisational
enablers are empirically derived from grounded data. Distinct from previous studies, these
constructs are theoretically developed rather than classifications of all cases. Therefore, it
provides new insight into global R&D management by identifying the “infrastructure” of
IRDNs using related theories from strategic management and organisation theory.

This finding provides two major insights into understanding IRDNSs. First, traditional studies
in the field do not explicitly explain the underlying mechanisms of IRDNs nor the linkages
between IRDNSs and business strategy. However, it has been evident from both management
theory and practices that R&D should be linked to firms’ business strategies (Gregory, 1995;
Moser & Plante, 1987; Roussel et al., 1991). This linkage was also highlighted in one of the
traditions in R&D internationalisation research — how firms can obtain strategic advantages
from international expansion of R&D (Liang & Shi, 2015). However, the mainstream research
in this area focused on understanding location advantages and global R&D strategy while
neglecting the way in which R&D supported business strategy in the global context. Drawing
on R&D management and strategic management, this research advocates the importance of
organisational enablers of R&D to understand this linkage between global R&D structure and
strategy. Actually, the organisational enablers are more “invisible” side of IRDNs, comparing
to the structure of IRDNSs that can be seen from the geographic dispersions of the IRDNs and
can be easily imitated by rivals when they establish new R&D centres in the same locations.
However, organisational enablers are hidden factors behind the structures and locations of
IRDNs and they serve as the “secret” that determines how a specific structure operates and
contributes to the business strategy. Therefore, this research enriches the connotation of IRDN
by empirically proposing the organisational enablers of R&D. These contributions deepen the
understanding of the interactions between global R&D management and global strategy.

Second, previous theory on intra-firm R&D networks (e.g. Miller, 1994; Chiesa, 1996;
Gassmann & von Zedtwitz, 1999; Chiesa, 2000; Birkinshaw, 2002; Von Zedtwitz & Gassmann,
2002) has mainly focused on structural classification of networks and neglected the underlying
logic of organising, except for Birkinshaw (2002), who considered the importance of
knowledge and communication in shaping the structures of IRDNs. These studies took the
international business (IB) context of R&D networks for granted, as in their studies, IRDNs
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meant multinationality of R&D facilities and their focus was on the network structure of these
multinational R&D facilities. Their studies explained the different roles of R&D facilities in
the networks. This research suggests that the 1B context means more than multinationality, as
the context provides opportunities and challenges to organise R&D activities. MNCs need to
consider organisational enablers affecting the performance of IRDNs in the IB context since
IRDNs are more than a sum of all multinational facilities. Therefore, this research is based
upon the theory of IRDN structure to understand organising and strategical issues hidden in
the structure of IRDNSs.
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Appendix- All Quotations Cited

BMW

“We have several R&D centres around the world. They concentrate on different automobile
technologies and locate in advantageous areas... We concentrate and become efficient with
our interdisciplinary teams... Definitely, FIZ is the dominant one and others complement FIZ,
and we can have a set of advanced technologies [that] enable us to embed with customer
needs. We try to balance quality, innovation, flexibility and cost to fascinate customers with
these technologies and integrate our vehicles into their life.” (Q4)

“...a car involves very complex but differentiated components with various technologies.
BMW tries to decompose key components from different technologies. Then, each research
centre can focus on different but complementary technologies for driving. Therefore, each
centre is specialised into a few of all [the] key components respectively whereas,
collectively, they consist of a portfolio of technologies that can support innovations [for] a
car as a whole.” (Q5)

“Although our research is future oriented, capturing values from our technological
advantages relies on innovatively designed new vehicles. Thus, our design process is at the
heart of our R&D and directly engaging our top managers. The design team works alongside
the whole [development] process and coordinates various departments. We established
different studios to design for BMW, Mini and Royce-Rolls respectively, as each brand [is
uniquely positioned] in the market... These design studios [are] also located globally.” (Q7)

“We have developed a collaborative process for design... The initial phase in designing a
model is to negotiate with various departments to clarify the [technological] feasibilities and
functionalities and finally find a solution to highlight new technologies [developed
internally]... We need to find a balance between these technological features and driving
needs.” (Q8)

“Our office [BMW Beijing Engineering Centre] localises products for the China markets...
mainly through testing and implementing headquarters’ [environmental] standard
practices... Similar to other [engineering] offices, we also support the development of local
products for China, as the market segments and regulations for premium cars are different
from other markets... We work closely with headquarters and Chinese factories to make us
better serve Chinese markets and meet expectations and unique needs in China.” (Q10)

“We regularly assist the R&D department [FIZ] and Car IT centres in Munich to understand
consumer information... we also conduct our own research for China and the global markets
and we are involved in new model development... Our lab also helps the group to better
integrate into the Chinese market. We incorporate information on Chinese characteristics
into products and our technological advantages can be used to tap the Chinese market
concisely. We also build up linkages with domestic partners. For example, we are
collaborating with China Unicom on e-platform with our iDrive system...” (Q11)

“We have an integrated innovation network that covers major technology domains for
automobiles. We also need efficiency to meet the diversity of drive needs. We create

16



channels to mobilise the expertise in our technology bases within our network. Then, local
needs can be met from distributing our technologies globally.” (Q12)

Electrolux

“Global Technology Centres (GTCs) have developed their own technology competence for
different modules. For example, the microprocessor is developed in the North America [GTC]
and the switched-mode power supply is developed in Italy. They also interact to cover most
technology solution requests.” (Q4)

“Since for some boards, like power boards, we need variants of the board depending on the
region, because [of] the voltage, because [of] some stuff we have to add or remove... We
can have a global project to develop this board. But not all boards are really the same
variant. The board is [overall] the same, but you change, maybe, two components, to have it
for North America, and one variant for Asia Pacific... But, all such boards are within one bill
of materials, with a full list of components and different combinations of these components
to make up different versions of the board, to fit different market requirements.” (Q7)

“We consider [modularisation] as much as possible to develop [a new product]. [For
example,] if [the new product] needs a new board with the modules we have already
available, and [if] we try also to have this board fitting global requirements, [then, it] is a
global solution [for sharing]... There are project managers that are organising these modules
to build up the applications. In this way, with modularisation, we are able to have a shared
knowledge, shared work, and also have [as much standardisation as possible].” (Q10)

“If we have different R&D, we have also different experience and backgrounds, so everybody
wants to develop in different way[s], [for] a project. What we don’t know is duplicate
solutions. If we have one solution working well, we want, we must use that solution.” (Q14)

“...The architecture leader is the person aware of what are these capabilities in Electrolux,
meaning people, shared skills, and also modules that he can use to build up the appliance,
meaning that, as an example, we can build for Thailand, so for Asia Pacific, a refrigerator with
a board developed from Brazil R&D, with the chassis built here in Susegana, so designed by
our mechanical engineers, and then with the production engineering in Thailand, so other
engineers that take care of production workflow... The architecture leader, even if is here [in
Suseganal], is managing all these activities to have the final product, this, what is now the
globalisation in Electrolux.” (Q15)

“Integrated with our consumer insights and know-how of global markets ... the new R&D
structure helps transfer our technology and experiences from our professional business to
the development of new products... Our global modular platforms facilitate the spread of
successful launches from one market to another, with adaptations to local requirements.
The platforms also support the company’s objective of offering more resource-efficient
products to global consumers and decrease the risk and possibility of failure in new product
development.” (Q16)

GSK

“R&D underpins all our businesses and is the key to triggering the revenue... We need to
regularly break barriers for our innovation and embrace open and flexible ways to innovate
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for global markets. [Consequently,] our R&D structure is changing due to the changing
environment, technology and requirements of businesses.” (Q3)

“A DPU means a tiny but interdisciplinary team for research. The smaller size can make us
concentrated [in] and passionate [about] sophisticated areas to discover new drugs... Each
DPU is a small research centre for specific drugs. We are independent of each other but keep
updating and communicating [with each other] to check for potential partnership and
coordination... However, we also compete for funding from a board consisting of top
managers and external experts. This heavily pushes us to be efficient, outcome-centric and
incorporating business needs.” (Q4)

“Open innovation and collaboration is also central to advance our research. We have
established open labs in Spain and South Africa, for example, to invite external researchers to
utilise our facilities, resources and expertise. Some remarkable products, such as the first
preclinical candidate to treat visceral leishmaniasis are developed this way... We also have
seed fund and support for small biotech companies that focus on niche and alternative
treatment. We can access or buy patents developed with our funding for their research, to
share our risks in emerging technology.” (Q5)

“Our R&D project is truly global...For instance, a newly launched drug may be discovery and
developed in the UK, designed [formula] in the US, tested globally, validated for
manufacturing in Singapore and, finally, localised and assembled in China.” (Q11)

“Innovation is crucial for GSK. As our business grows, we are always cultivating our innovative
culture and optimising our R&D operations through restructuring [and] breaking the barriers
in R&D practice... so that innovation can be nested in GSK and our innovation performance
can be improved in the long term and closely embedded with our business performance...”
(Q15)

Haier

“These five global research centres are responsible for research and localisation for each
own region ... [For research,] the main responsibilities include developing new technology,
monitoring frontiers of technology in the industry and support product development... not
only for their regional markets but also for other regions... [The] localisation activities
include two sides to make us better and faster integrate into local and regional markets.
One side is to develop new products for the regional markets when there are consumer
needs. The other, dominated [by] them [the two newly established ones], mainly includes
adapting and adjusting mature products developed by other centres with local
preferences...” (Q3)

“We only formulate technology strategy to consider focal research directions for all research
centres, which is a top-down approach to managing global research centres. We measure
their performances on closing the gap between the expected capability of an R&D centre and
its current one. However, we do not force them to be differentiated and specialised, which
seems to be too subjective. Mainly, the differentiation and specialisation of these research
centres are natural consequences of the interaction between research centre and the local
markets. Each centre mainly focuses on R&D for local demands that may require different
technologies. Each centre is adaptively specialised into these domains... Research centres also
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recruit local talents that vary from [one] region to another... The strengths of each research
centre also depend on the people it can recruit.” (Q4)

“We have transformed to the operation team system for new product development. There
are many, many operation teams. Each is a cross-functional team and meanwhile an
independent firm for a specific type of product, such as air conditioning. They develop their
products freely but should [be] responsible for the profit that determines their salary, not the
bonus, salary exactly.” (Q5)

“HOPE (Haier Open Platform Ecosystem) is a public online platform that seamlessly
integrates market and technology. Haier only takes a role as a mediator to enable such
integration. With this platform, we could broaden the breadth and width of resources we
leverage, as different players can all participate in the platform...We have several interesting
products that are developed via this platform, for example, [an example of how a particular
product is developed with this platform]...” (Q8)

“Internal employees participate in the HOPE through proposing [a] solution or conception of
products. Their proposals will be reviewed and realised through Haier’s operations if
approved by consumers. This helps Haier to encourage everyone, either within or without the
company, to become ‘makers’ who can creatively develop new products with their talents
and experiences and through the support of Haier’s resources and platforms on
commercialisation and production.” (Q9)

“When formulating annual R&D plans and overall R&D strategy, we first draw out the
technology roadmap for global R&D, then consider coordination and integration between
different R&D centres, through our global discussions and finally discuss strategic roles of
each R&D centre together... My department will support coordination between them and
develop channels to facilitate their cooperation at project and technology level, such as
visits and videoconference on fixed terms. This process is not only determined by ourselves
but also involves top management.” (Q10)

“For projects, all centres are open. Everyone with specific skills that are in need of a project
will be freely involved in the project, which helps the mobility of knowledge along our R&D
network... Collaboration for global R&D is complicated. We also have negotiated with
related departments and consider what can be better performance measures and codes of
practice for flexible participations, particularly for the short-term participants in long-term
projects.” (Q11)

Huawei

“We have established a portfolio of research centres around the world. A global vision is
important. The [technological] sources are globally distributed. We have to go to different
places to access [them]. In Huawei, each of our centres has its focal domains on technology
in relation to several products or a fundamental one, such as wireless technology, fix
network, enterprise networking, cloud computing and big data. They are the technological
bases to support Huawei's customer-centred strategy... The main responsibilities for
research centres are similar, including technological scanning, technology platform
development and collaboration with local research facilities, and recruiting talents.” (Q5)
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“...the head of each research centre is of the same authority [as] a CEO of a regional subsidiary,
which ensures that R&D is planned only with core business requirements and will not be
manipulated by local subsidiaries’ interests. With autonomy, we [local research centres] can
cooperate freely with multiple renowned universities for a broad range of technologies, such
as advanced optical transmission systems done here... It also helps to improve the influence
and control of the central R&D department at our headquarters, either to facilitate the
coordination of global R&D projects or to improve the implementation of strategic R&D
planning.” (Q6)

“JICs (Joint Innovation Centres) serve an enabler to boost customers’ business with our
technological expertise. With these JICs, we can easily interact directly with our customers
and respond to their business needs at an ever-fast speed... They work like a sensor to transfer
customer needs to us. With these insights, we could collaborate specifically with different
customers and deepen our relationships with them. Meanwhile, JICs are similar to platforms
for collaborative innovations to shape the next generation technology.” (Q8)

“IPD (Integrated Product Development) is a standardised process that is achieved through the
collaboration of cross-functional teams, consisting of R&D, marketing, production and supply
chain staff. Each member has the right to terminate the whole NPD project in the planning
stage... [An IPD team] is an independent firm within Huawei and to deliver valued innovation
at an accelerated pace.” (Q9)

“...[IPD] enabled Huawei to break the centralised R&D decision-making process and establish
a decentralised, balanced and efficient one to smooth our global innovation... This
transformation reinforces our customer-centric strategy, with more departments involved in
R&D.” (Q10)

“The matrix structure is an organisational support to the IPD, as it enables us to reunite our
R&D team in an integrated way that is best suitable for each project... Our R&D staff located
worldwide can join or be mandated in a project when [their] expertise is required... In this
way, we can quickly and responsively launch projects with sufficient knowledge bases... it also
contributes to improving the efficiency of our projects.” (Q11)

“Human resource development [is] the key to the strategic transformation of our company...
We paid much attention to it, in particular for [the] R&D department, where human resource
and knowledge play the central role. We have kept taking actions to facilitate knowledge
sharing and accumulation within our firm so that employee turnover and sackings will not
have a critical impact on our R&D performance” (Q12)

“When we were able to make extra profit from overseas markets, we further realised the
importance of our own technology... Not only in a sense that we could have better margin[s]
when we develop a new technology. Rather, we realise[d] that we could fully meet more
requirements of overseas customers, who usually have more specific and demanding
needs.” (Q14)

“Innovation [is] rooted in Huawei and our employees. We have changed a lot to cultivate a
better structure that can facilitate our innovations... In particular, Huawei has to move

[forward] and change [accordingly] as Huawei grows and the industry upgrades...” (Q16)
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“We usually compare [ourselves] to wolves that are social animals living and hunting
together... Collaboration, either with internal or external people, plays a critical role in our
global innovation... We also encourage sharing. As for the globally dispersed R&D facilities,
we have to facilitate knowledge sharing across regions, product lines and technology
domains.” (Q18)

Unilever

“... [Each GDC’s] work is product category-specific and to develop a safe and qualified new
formula of certain products to meet our standards of performance... We have several GDCs
and work with internal competitions to win fund for R&D projects... [These approaches]
helped us significantly increase the application of new technologies with more than 45% of
the value of our innovation portfolio based on new technologies...” (Q5)

“Although big MNCs dominate the industry, local competitors are still very competitive, in
particular for those who have deeply embedded with the local customers and
institutions...We [the RDC] have to be responsive to local customers as well as local
competitors. We provide competitive product features and analyse how local competitors
position and feature their products in the market.” (Q6)

“...localisation dominates regional development activity. We make our global products ready
[for] local markets... We involve supplier [supply] chain and marketing people at this stage,
very much. We are in need of their insights [into] the local markets and manufacturing
capacity in order to provide [the] best and most competitive solutions to localise our
products... As [we are] widely dispersed, we also directly involve consumers in our
innovation process...” (Q7)

“GDCs coordinate research labs and supervise regional centres. This coordination is difficult,
in terms of diversified needs and technology. But [it] is essential, to enable knowledge
transfer and integration [with such coordination]. We are not merely linked by our internal
bidding. There are many supports and formally standardised procedures to facilitate the
coordination, such as centralised planning and assembly.” (Q8)

“...With competition coming from all directions and at an ever-faster pace, we need to
improve our innovation cycle times and ensure we roll out innovations faster and to more
markets... [Thus,] our current global R&D begins with consumer insight and [we] respond
[to] them with our innovative products... [This] is a more efficient way to accelerate the
process to capture value from global markets... We also integrate our global R&D other
departments to improve the performance. Over 70% of our innovations [from GRCs] are
margin accretive.” (Q9)

“We need to balance local responsiveness and global efficiency in our global organisation.
[The] GDCis the key to the balance. GDC(s) develop globally standardised solutions and fast
transfer them to regional centres and they can easily [be] adjusted for local conditions.”
(Q11)
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Big Data and Supply Chain Management: A Marriage of Convenience?

Big data is the new “guy about town.” Indeed, the buzz about Big Data and business
intelligence (Bl) as drivers of business information data collection and analysis
continues to build steam. But it seems not everyone is taking notice. Whilst scholars
in main are excited about the “fields of possibilities” big data and related analytics offer,
in terms of optimising firm capabilities, supply chain scholars have been surprisingly
quiet. In this work we hope to break this silence and we achieve this through a
comprehensive survey of the literature with the aim of exposing the dynamics of big
data analytics in the supply chain context. Our findings suggest that the benefits of a
big data driven supply chain are many on the proviso that organisations can overcome
their own myopic understanding of this socio-technical phenomenon. However, this is
not to suggest a one-size fits all approach, our findings also reveal that adopting a big
data strategy in the supply chain is a strategic decision and as such, given the
idiosyncrasies of industries, firms should leverage these technologies in congruence
with their core capabilities. Strategic fit between a firm core competences and its big
data strategy creates causal ambiguity which can in turn lead to sustainable
competitive advantage.



Digitalisation of Supply Chains: A dynamic capabilities

perspective

Denis Niedenzu, Mukesh Kumar, Rengarajan Srinivasan
Institute for Manufacturing, University of Cambridge
17 Charles Babbage Road, Cambridge, CB3 OFS, UK

corresponding author: mk501@cam.ac.uk

ABSTRACT

The purpose of this research is to understand how digital technologies in supply chains
can be a source of competitive advantage. It is believed that digital technologies present
dynamic capabilities that enable the firm to respond to quickly changing markets by
delivering required information for supply chain decision-making in real-time. The
methodology employed is case study research across a range of sectors involving 12
different companies/institutions. The approach taken includes understanding digital
technologies in supply chains and employing a design structure matrix to investigate the
relationship between supply chain decisions, required information and digital
technologies by the means of case studies. The research has 4 key findings: 1) Definition
of the concept of digitalisation, 2) 4 key digital technologies required for supply chain
digitalisation, 3) Allocation of information to particular supply chain decisions, required
technologies to capture this information and the source of the information and 4) Digital
technologies only develop their full capabilities if employed jointly. A framework to assess

whether particular digital technologies qualify as dynamic capabilities is proposed.
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1 Introduction

Digitalisation has become a widely talked about phenomenon of the 215t century. While
companies seem to put all effort into digitalisation, the understanding of what it really
means could not differ more: “For some executives, it’s about technology. For others, digital
is a new way of engaging with customers. And for others still, it represents an entirely new
way of doing business.” (Doerner & Edelman, 2015). The modern concept in its essence
refers to a combination of digital technologies with automated and intelligent solutions
that is expected to enable companies to create sustainable competitive advantage in a
highly dynamic and environment. It is argued that digital technologies, such as big data
analytics, can be such a source of competitive advantage (McAfee & Brynjolfsson, 2008;
Wamba et al., 2016) by building dynamic capabilities (Fawcett, Wallin, Allred, Fawcett, &
Magnan, 2011). However, despite substantial technology investments, many
organisations have failed to obtain hoped-for improvements in supply chains (Fawcett et
al., 2011; Klotz, 2016), which implies that it is not about purely investing in digital
technology but about knowing “when and where” technology confers competitive
advantage (McAfee & Brynjolfsson, 2008). Hence the question arises under which
circumstances digital technologies can be a source of competitive advantage.
A major challenge in manufacturing companies is the lack of information availability
required for decision-making, which prevents companies from making well-informed
decisions in a timely manner to respond to quickly changing markets. It is believed that
digital technologies can mitigate this challenge by providing the information required for
decision-making in real-time, enabling companies to respond to and act in a highly
dynamic environment. However, how can digital technologies provide required
information and create sustainable competitive advantage and what technologies are
required to do so? Questions that have yet to be answered.
Therefore, this research project aims at presenting an academic point of view on the extent
of digitalisation paired with an industrial exploration of the concept of digital supply
chains to answer the following research question:
How can digital technologies in supply chains be a source of competitive advantage?

1. What does digitalisation mean in supply chains?

2. What information is required for supply chain decision-making and how do these

information link to digital technologies?
3. How can competitive advantage be achieved through digital technologies from the

perspective of dynamic capabilities?



This research will address the questions by the means of case studies conducted in the
“Technology & Research”, “Pharmaceuticals & Chemicals” and the “Automotive” sector.

The dissertation is structured as follows: section 2 presents the theoretical background of
the research. Section 3 describes the research methodology and design employed to answer
the problem statement. Section 4 includes the data analysis and section 5 presents the
discussion on the collected data. Section 6 concludes the dissertation, providing a
summary of the key findings, limitations of this research, identified further research as

well as theoretical and practical implications.

2 Theoretical background

2.1 Supply Chains, decision-making and information flow

The topic supply chain has been well covered in literature. Notable scholars described the
supply chain as follows: “The supply chain is a network of organizations that are involved,
through upstream and downstream linkages, in the different processes and activities that
produce value in the form of products and services delivered to the ultimate consumer”
(Christopher, 1992). Beamon, 1998 described the supply chain as “an integrated process
wherein a number of various business entities (i.e., suppliers, manufacturers, distributors,
and retailers) work together in an effort to: (1) acquire raw materials, (2) convert these raw
materials into specified final products, and (3) deliver these final products to retailers”. A
more recent definition was attempted by Qrunfleh & Tarafdar, 2013: “Supply chain spans
all movement and storage of raw materials, work-in-process inventory, and finished goods
from point of origin to point of consumption.”. While there has been absence of consensus
on the definition of supply chains, the concept of the term has been similar amongst
scholars over decades. The following definition of supply chain is adopted for the purpose
of this research: A supply chain is considered as a set of multiple linked entities that
collaborate to deliver a product or service to the end-customer, spanning from raw material
sourcing, manufacturing to delivering the product or service to the end-customer (Beamon,
1998; Christopher, 1992; Hayes & Wheelwright, 1984; La Londe & Masters, 1994;
Lambert & Cooper, 2000; Lummus & Alber, 1997; Mentzer, Keebler, Nix, Smith, &
Zacharia, 2001; New & Payne, 1995; Qrunfleh & Tarafdar, 2013; Sarkis, 2012; Tang,
2006). The understanding of supply chains amongst scholars from the 1980s to the 2010s
is depicted in Table 1.
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“Qrunfleh & Tarafdar, (2013) | x
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x: mentioned by the scholar in his/her research

Table 1: Components of supply chains

In order to control and steer a supply chain, decisions are made in companies on a daily

basis. The next section reflects literature on supply chain decision-making.

Supply chain managers’ roles are evolving into managing a complex structure in a rapidly
changing and uncertain business environment (Manuj & Sahin, 2011). Supply chain
complexity is reflected in the decision-making complexity, which is attributed to the
volume and structure of information required to make informed decisions (Efstathiou,
Calinescu, & Blackburn, 2002; Manuj & Sahin, 2011). Decisions can be of strategic,
operational and tactical nature. Strategic decisions set the framework in which the
company acts, tactical decisions are taken to satisfy strategic decisions and operational

decisions are everyday decisions that serve the tactical decisions (Schmidt & Wilhelm,



2000). The time horizon of strategic, tactical and operational decisions are >5 years, up to
5 years and daily. Table 2 lists the decision and the decision level.

It is required to appreciate that there are much more decisions to be made in a company
than reflected in the table. However, this literature review identified the most frequently

made decisions in supply chains and will be confirmed or altered with empirical data in

the course of this research.

Level Description Source
Strategic  Location of production facility Revelle and Laporte, (1996);

Jayaraman, (1999); Ganeshan &
Harrison, (1995)

Stocking points Ganeshan & Harrison, (1995);
Schmidt & Wilhelm, (2000)

Sourcing points Nair and Narasimhan, (2003);
Narasimhan et al., (2003a, 2003b);
Ganeshan & Harrison, (1995)

Introduction of new products Ganeshan & Harrison, (1995)

Product portfolio Ganeshan & Harrison, (1995)

Make vs. Buy Tagaras and Lee, (1996); Ganeshan
& Harrison, (1995)

Product-Plant allocation Ganeshan & Harrison, (1995)

Supplier-Plant allocation Ganeshan & Harrison, (1995)

Plant-Distribution Centre allocation Ganeshan & Harrison, (1995)

Distribution Centre-Customer allocation Ganeshan & Harrison, (1995)

Capacity of manufacturing facilities Paraskevopoulos, Karakitsos, and
Rustem, (1991); Ganeshan &
Harrison, (1995); Schmidt &
Wilhelm, (2000)

Mode of transport (air, land, sea) Chandra & Grabis, (2007);
Ganeshan & Harrison, (1995)

Routing and scheduling of material and Chandra & Grabis (2007), Marquez

equipment (2010)

‘Tactical  Coordination decisions for distribution Ma rquez (2010); Clements, Wilson -

system

Demand planning

& Bacanaru, (2006); Robinson and
Satterfield, (1998)

Hasan et al., (2011); Biswas, (2007);
Ganeshan & Harrison, (1995)



Procurement policies Chandra & Grabis, (2007); Clark &
Scarf, (1960); Anupindi & Akella,
(1993), Ganeshan & Harrison, (1995)

‘Operation Production scheduling | Mérquez, (2010); Agrawal, Smith, &
al Tsay, (2002); Wang & Gerchak,
(1996); Lee & Wei, (2001); Ganeshan
& Harrison, (1995); Schmidt &

Wilhelm, (2000)

Workload balancing Ganeshan & Harrison, (1995)
Quality control measures Ganeshan & Harrison, (1995)
Inventory Management Ma rquez, (2010); Moinzadeh

&
Aggarwal, (1997); Bagahana &
Cohen, (1998); Ganeshan &
Harrison, (1995); Schmidt &
Wilhelm, (2000)

Table 2: Strategic, tactical and operational decisions

Well-informed supply chain decision-making requires specific information.

Efficient supply chains are characterised by real-time integration of information and
collaboration (Xu, 2011). Information sharing via cross-enterprise information systems
has been recognised to improve overall supply chain performance (Ball, Ma, Raschid, &
Zhao, 2002; Xu, 2011). It appears that lack of data integration and hence availability of
information is a major challenge why supply chains cannot be managed efficiently (Xu,
2011). The following table shows information flows in a supply chain. The classification
into network, external and focal company environment was undertaken at the discretion
of the researcher appreciating the nature of the information. This table includes the most
frequently mentioned information flows in supply and will be validated and altered with

empirical data in the course of the research.

Classification Description Source

Network Customer profile (target group, Holweg & Pil, (2008)
potential sales)
Retailer profile (location, Holweg & Pil, (2008)
capacity, price)
Wholesaler profile  (location, Holweg & Pil, (2008)
capacity, price)
Supplier profile (location, Holweg & Pil, (2008)
capacity, price)
Logistics  provider  (location, Holweg & Pil, (2008)

capacity, price)



External

Focal Company

Political situation in sales market

Legislation and taxation

Infrastructural conditions

Competitive landscape

Consumer preferences & demand

Maintenance cost

Production labour

Technological advancement

Request for quotations & orders

Required raw material

Supply

Inter-firm logistics and despatch
details

Intra-firm logistics

Monthly production schedules
Report on inventory

Report on supplier performance

Quality complaints

Dimitriadis & Koh, (2005); Holweg & Pil,
(2008)

Dimitriadis & Koh, (2005); Holweg & Pil,
(2008); Arntzen, Brown, Harrison and
Trafton (1995); Ganeshan & Harrison,
(1995)

Holweg & Pil, (2008)

Dimitriadis & Koh, (2005); Holweg & Pil,
(2008)

Dimitriadis & Koh, (2005); Holweg & Pil,
(2008); Lee, Padmanabhan, & Whang,
(1997); Prajogo & Olhager, (2012)
Dimitriadis & Koh, (2005); Holweg & Pil,
(2008)

Dimitriadis & Koh, (2005)

Dimitriadis & Koh, (2005); Holweg & Pil,
(2008)

Holweg & Pil, (2008); Prajogo & Olhager,
(2012)

Dimitriadis & Koh, (2005); Dong, Xu, &
Zhu, (2009)

Dong et al., (2009)

Dong et al., (2009); Holweg & Pil, (2008)

Holweg & Pil, (2008)

Holweg & P1il, (2008)

Dong et al., (2009); Holweg & Pil, (2008)
Hittle & Leonard, (2011)

2.2 Supply Chain Digitalisation

Table 3 Information flows in supply chains

Digitalisation is defined as the conversion of analogue information, such as text, into

digital information (Princeton University, n.d.). Supply chain digitalisation refers to the

adoption of inter-organizational systems by business organisations to collaborate and

transact with their external partners (e.g., key suppliers and customers) along their

value/supply chains (Barua, Konana, Whinston, & Yin, 2004; Rai, Brown, & Tang, 2009;

Rai, Patnayakuni, & Seth, 2006; Xue, 2014), in other words: conducting day-to-day



business activities with supply chain partners via digital information exchange (Barua et
al., 2004). Even though different definitions appear in literature, the extent of supply
chain digitalisation remains elusive and opinions differ.

Supply chain digitalisation is often considered being risky, primarily because the external
parties and environment that organisations need to interact with are beyond their controls
(Xue, 2014). Furthermore, it is a concept that requires commitment of all partners along
the entire supply chain, from raw material supplier to end-customer (Barua et al., 2004).
Firms with higher levels of digitalisation enjoy better business performance due to
dynamic capabilities being created through digital technologies (Barua et al., 2004;
Fawcett et al., 2011). Companies have made significant investments in digital technologies
to leverage competitive advantage; however, not all have reaped the hoped-for benefits
(Fawcett et al., 2011).

Prevalent technologies that promote real-time information capturing and exchange today
include mobile technologies, big data, social media and cloud computing (Bhimani &
Willcocks, 2014). An overview of the most influential technologies in digitalisation of

supply chains is given in the next subsection.

It is worth noting that the technologies and concepts are on different levels of granularity.
The reason being that there is no clarity in literature as to how to distinguish and classify
digital technologies used in supply chains. However, a preliminary classification of
technologies was undertaken at the discretion of the researcher appreciating their

different characteristics. The classification is presented in Table 4.

Classification Characteristics

Infrastructure Overall system of digital supply chain

Cyber-physical system that integrates computation, communication and physical
systems processes, such as transportation networks

Information and
Communication

Technologies

transfer of information through radio, television, mobile phones,

computers (through hard-and software), networks, and satellite systems

Business
Intelligence
Big Data Analytics

Artificial Intelligence

Data Virtualisation

Acquisition and processing of data into meaningful information and
delivering the right information to the right people at the right time
analytical techniques to capture and process big data (high volume,
high velocity, high variety)

supports engineering goals such as, developing intelligent agents,
formalising knowledge and mechanising reasoning

integrates different sources of data




Cloud Computing

Clouds
service-oriented
architecture
Mobile cloud

computing

Integration of systems into a network so that software systems and
data can take use of it
data storage

integrates services different companies choose to make available

data storage and data processing outside the mobile device, e.g. in a

cloud

Social Media

Communication with customers through a set of tools and strategies
such as Dblogs, collaborative projects (such as Wikipedia), social
networking sites (such as Facebook) and content communities (such as

YouTube)

Enterprise Systems

Set of software applications that allow organisation of accounting and
control, manufacturing and distribution, sales and order, human

resources and management reporting

Track & Trace
RFID

GPS

Wireless sensor

Capture and transfer information about location and state of objects
Tracking and storing information about a physical object’s nature and
location

recording time and positional characteristics

fine-granular collection of information in the physical world and

networks transfer to a wireless base-station

Automation Automated devices assisting predominantly shop floor activities
Botsourcing robots to replace human workers

Automated guided automated transport of material

vehicle systems

Gamification

Augmented reality

3D Printing

enriching products, services and information systems with game-design
elements in order to positively influence motivation, productivity, and
behaviour of users

provides assistance to operations in industries, for example assembly
guidance

quick creation of parts/products, especially for prototyping

Table 4: Classification of Technologies according to their characteristics

2.3 Competitive advantage from a dynamic capabilities perspective

A dynamic capability is the firm’s potential to systematically solve problems, formed by
its propensity to sense opportunities and threats, to make timely and market-oriented
decisions, and to change its resource base (Barreto, 2010). The dynamic capabilities theory
builds upon the theoretical foundations of the resource-based view provided by

Schumpeter (1934), Penrose (1959), Williamson (1975, 1985), Barney (1986), Nelson and



Winter (1982), Teece (1988), and Teece et al. (1994) (D. J. Teece, Pisano, & Shuen, 1997).
Resource-based view suggests that a company can establish competitive advantage by
creating firm-specific, strategic resources or capabilities (Barney, 1991; Collis &
Montgomery, 1995; Hoopes, Madsen, & Walker, 2003; D. J. Teece et al., 1997).

While the resource-based view sees competitive advantage in firm-specific resources,
dynamic capabilities theory takes the view that competitive advantage lies in processes,
positions and paths. Processes are “the way things are done”, positions are technology,
intellectual property, complementary assets, customer base and external relations (D. d.
Teece et al., 1997) and paths are strategic alternatives available. Resource-based view
suggests how competitive advantage can be achieved, while dynamic capabilities theory
focuses on how to sustain competitive advantage. The winning companies are the ones
that can effectively redeploy internal and external resources (D. J. Teece et al., 1997) to
enable the business to adapt to a dynamic environment (Prahalad & Hamel, 1990). The
characteristics of dynamic capabilities described by leading scholars in the field are

illustrated in Table 5.
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x: mentioned by the scholar in his/her research

Table 5 Characteristics of dynamic capabilities

2.4 Problem statement

The literature presents the concept of supply chains, supply chain decision-making,
information flow, digitalisation and dynamic capabilities. It is acknowledged that supply
chain decision-making becomes increasingly complex due to globalisation and a rapidly
changing environment. Supply chain complexity can be attributed to the volume and
structure of information. Literature also recognises that lack of information availability is
a major challenge in supply chain decision-making. However, the relationship between
particular supply chain decisions, required information and missing information remains
unclear. While lack of information has remained a challenge in supply chain decision-
making, a concept has risen to prominence over the last couple of years that can mitigate
this challenge: digitalisation of supply chains. This concept is believed to provide
comprehensive information along the supply chain in real-time and provide competitive
advantage by enabling quick decision-making. However, the concept of digitalisation
remains elusive. It is also unclear what particular digital technologies can deliver the

information required for informed supply chain decision-making and under what
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circumstances digital technologies in supply chains present a source of competitive
advantage.
Hence, the following research question is inquired:
How can digital technologies in supply chains be a source of competitive advantage?
1. What does digitalisation mean in supply chains?
2. What information is required for supply chain decision-making and how do these
information link to digital technologies?
3. How can competitive advantage be achieved through digital technologies from the
perspective of dynamic capabilities?
To address the research question and its sub-questions, a suitable research methodology

was developed and is presented in section 3.

3 Methodology

The goal of the research is to identify how digital technologies in supply chains can be a
source of competitive advantage. To address this question, the linkage between the
following three topics needed to be produced: (a) what is the concept of digitalisation and
what digital technologies are available for supply chain digitalisation, (b) what
information is required in supply chain decision-making and how can this information be
attributed to particular supply chain decisions and (c) what are the qualifying criteria for
digital technologies to be considered as dynamic capabilities. An appropriate research
methodology was developed and is structured around the topics (a), (b) and (c). The

research methodology is introduced in Figure 1.
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Digitalisation Supply chain
(Literature (Literature
Review) Review)

Concept of
digitalisation
and list of
digital
technologies

1 Case study;

REFINE questionnaire

)

Figure 1: Research Framework

The research was split into three phases: I. Define & Design, I1. Prepare, Collect, Analyse,
III. Analyse & Conclude.

The first phase of the research included a literature review on digitalisation, supply chains
and dynamic capabilities as well as the development of case studies. Qualitative case study
research with various companies from different industries was employed due to the focus
of the research on contemporary events, no requirement to control behavioural events and
the nature of the research question (Yin, 2009). Case study selection criteria were
developed according to which companies were selected. The companies with which case

studies were conducted are displayed in Figure 2.
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Organisations Case 1 Case 2 Case 3
Audi AG

Bayer AG

Boehringer Ingelheim GmbH

Bosch Software Innovations
GmbH

Fraunhofer Institute for
Integrated Circuits
Fraunhofer Institute for Material
flow and Logistics

Institute for Industrial
Management (RWTH Aachen)
Jaguar Land Rover Ltd.
LANXESS AG

Merck KGaA

Volkswagen AG (VW)

World Economic Forum X

Figure 2: Interviewed organisations

Phase II encompassed the preparation, data collection and the analysis of gathered data.
The tools employed in the case studies conducted were semi-structured interviews and a
binary Design Structure Matrix (DSM). Semi-structured interviews were chosen to allow
for flexibility in the covered topics due to the exploratory nature of the research (Yin,
2009). The DSM is generally used to find out relations in a complex system (Eppinger &
Browning, 2012). This is well suited to identify the relationship between information,
supply chain decisions, digital technologies and the source of information. The DSM
employed is depicted in Figure 3. The following explanations are required to understand
the DSM:

Information as well as strategic, tactical and operational supply chain decisions

displayed in the matrix were identified from literature (section 2.1 and 2.2).

Classification of information into focal company, external and network

environment was undertaken at the researcher’s discretion according to the nature

of the information and verified with interview participants.

Technologies were identified from case study 1.

Source of information was based on interview participants’ opinions.
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Additional tools employed in Phase II and III involved

Heat maps, to identify and visualise patterns, and

Data displays to demonstrate results
as proposed by Miles et al., 2014. Phase III involves the cross-case analysis from all case
studies and literature as well as the conclusion.
To ensure a high quality of research, construct validity, internal validity, external validity
and reliability tests were employed throughout the research as suggested by Yin, 2009.

The phases are further explained in the following subsections.

4 Case Analysis

The following table presents the potential interview participants identified for particular

digital technologies.
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Potential for Companies

Digital Technology T1 T2 T3 T4 T5 Té6 T7
Analytics . X w w . . X w X
Cloud & Platforms X X X X
Cyber-physical
systems A
MES & ERP Cox x| i i ox
Sensors X I ‘ ‘ X I X I X ‘
Track & Trace | Cx L ox P Cx L ox

Support for strategic decision-making through descriptive (data gathering), predictive
(prediction of future events) and prescriptive (analytical guidance for decision-makers)

analytics (T6)

Clouds: data storage and management (T2); information exchange (T3)

Platforms: data processing and generation of value added services; licensing services
for data analyses (T2)

Possibility to collect data on a more granular level with regards to space and time,

increased data availability (T6)

Exchange of information between intelligent objects and their environment (T2)
Enables prognosis ability, control ability and after all self-optimisation of the supply
chain (T2)

Improved agility of supply chain and quick reaction to market demand since it enables
the scale of production capacity by quickly adding or eliminating machinery in the
production cycle (T4, T5)

Enables both horizontal and vertical integration (T6)

Current research focuses on systems that can integrate ERP and MES to improve data
handling (T2, T3)

In combination with Track & Trace: data collected with Track & Trace systems can be
automatically transferred to the ERP & MES system and trigger certain actions
dependent on the state and location of the product. F.ex. automatically trigger

distribution when product is “ready to be shipped” (T2)

End-to-end visibility and control of supply chain (T1)

Capture real-time information in supply chain (T4, T5)
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Fast and easy access and exchange of information at any location in the supply chain
(T2)

Improves production and transport logistics (T6)

Participants mentioned this concept but did not clearly state the potential for

companies

Autonomous production and delivery of product to the doorstep of the customer
X without human interaction at some point in the future (T1)

Operational decisions can be very well automated (T6)
7 V ””” l R ’ l ”””””””””” b I e Provision of information and interaction between data layer and users (f.ex. support of
irtual Reality ' !
! ! picking activities for warehouse personnel) (T4, T5)

Tx = Technology & Research Participant x

Table 6: Statistics of interviews regarding digital technologies and potential for companies

The following table presents the concept of digital supply chains, benefits and barriers of digitalisation.

No. Digital Supply Chains T1 T2 T3 T4 T5 T6 T7 P1 P2 P3 Al A2 A3
Interconnectedness of cyber-physical
#1 X X X X X X X X X
systems
Vertical and horizontal information
#2 X X X X X X X X
exchange
#3 Automation of processes X X X X X X

Collection and access to real-world
#4 ) o ) X X X X X X X X X X
information in real-time

Reconfiguration of mainly existing
#5 ) X X X X X X X
technologies
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No. Benefits of Digitalisation

Real-time information tracking and

#1 X X X X X X X X
sharing

#2 Process improvements X X X X X X X

#3 Data transparency (end-to-end) X X X X X X X X X X

#4 Emerging of new business fields X X X

#5 Increased decision-making velocity X

#6 Improved productivity on the shop floor X X X

Barriers for digitalisation

#1 Showing stakeholders benefit X X X X

#2 Data security X X X X X X X X
#3 Trust X X X X

#4 Lack of expertise in implementation X X X X

#5 Lack of vision of concept X X X

#6 Lack of financial resources X X X X X

Tx = Technology & Research Participant number x; Px = Pharmaceuticals & Chemicals Participant number x; Ax = Automotive Participant number x;

x = mentioned by respective participant

Table 7: Concept of digital supply chains, benefits and barriers of digitalisation

Figure 4 presents the relationship between supply chain decisions, information, technology and source of information.
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Figure 4: Relationship between Information, Supply Chain Decisions, used Technology and Source of Information



5 Discussion

In order to answer how digital technologies can be a source of competitive advantage in
supply chains, the discussion includes the clarification of the concept of digital supply
chains, the link of required information for decision-making to digital technologies, their
source and the reasoning under which circumstances digital technologies can be a source

of competitive advantage from a dynamic capabilities perspective.

5.1 Digital Supply Chains

Digitalisation is defined as the conversion of analogue information, such as text, into
digital information. This view from literature was confirmed by interview participant T1.
According to another interview participant (A2) digital “is simply 0 or 1”. This vague
definition requires a context specific interpretation of the concept of digitalisation. The
main implication of context-specificity is the requirement to apply differing technologies.
In this research, digitalisation in the context of supply chains is considered.

The views on digitalisation of supply chains presented in academia appear to be of a
generic nature as opposed to the views in industry, which attribute precise characteristics
to the concept. According to industry, digitalisation of supply chains is structured around
interconnectedness between systems, vertical and horizontal information exchange,
collection and instant access to real world information in real time and combination of
different technologies, as demonstrated in Table 7. This characterisation implicitly
incorporates the academic perspective: the idea of inter-organisational collaboration and
exchange of information is in line with the interviewees’ opinions in that “the information
exchange happens vertically, within a company, and horizontally, across supply chain
partners, such as suppliers, manufacturers, end-customers, etc.” (T2, T3) and
“Organisational and processual linkages of procedures in the entire supply chain are a key
component of a digital supply chains” (T4, T5). Hence, the definition in literature presents
a fraction of the characteristics interview participants declared. The following definition
of digital supply chains is suggested based on academic and industrial perspectives:
Digital supply chains are interconnected cyber-physical systems capable of storing,
processing, providing and vertically and horizontally exchanging information along the

entire supply chain in real-time by the means of enabling digital technologies.



5.2 Information required for informed decision-making and linking digital

technologies to information

Information transparency and availability is crucial for informed decision-making.
“Decisions are made every day” (A2) and require particular information that include
information from the categories focal company, network and external environment.
The importance of information availability is stressed by the fact that the majority of the
interview participants mentioned “end-to-end data transparency” (T1, T4, T5, T6, P1, P2,
P3, A1, A2, A3) and “real-time information tracking and sharing” (T2, P1, P2, P3, A1, A2,
A3) as the expected benefits from digitalisation. The importance of establishing not only
partial transparency, as it is currently experienced by most interview participants (P1,
P2, P3, A2, A3) in their company, but end-to-end data transparency becomes apparent
when considering the nature and source of the information in Figure 4: The majority of
supply chain decisions identified, be it on a strategic, tactical or operational level, require
information from all three information categories: Network Environment, External
Environment and Focal Company Environment. Network environment-level
information is required the most, which can be explained by acknowledging that
manufacturing companies by implication are generally collaborating with supply chain
partners to produce and deliver a product. Hence, much information required for supply
chain decision-making will be impacted by supply chain partners about which information
needs to be captured. Besides the importance of information about the network
environment, obtaining information about the external environment appears to be
similarly important to companies. Especially consumer preferences & demand,
infrastructural conditions as well as legislation appear to be crucial for supply chain
decision-making on all levels in this respect. This pattern can be understood by taking into
account the nature of the companies interviewed. Manufacturing products and delivering
them to the end-customer stresses the importance of knowing precisely the desired
products and quantities to adjust production accordingly and ensure a high service-level.
Generating knowledge about consumer preferences & demand is therefore inevitable.
Likewise, products need to be delivered to the customer, usually by one of the following
modes of transportation: land (road and rail), sea, air (P1, P2, P3, P4). Especially the land
transportation seems to be requiring the knowledge about the local infrastructure because
this influences mode of transportation, cost, delivery time and implicitly customer
satisfaction. Figure 4 suggests that legislation is equally important. The nature of this
information requires the explicit distinction between pharmaceutical and chemical and

automotive industry. “Production of pharmaceutical products is highly regulated and



processes need to be documented rigorously. Each production process and product needs to
be validated before it can be produced and sold to the consumer. This process usually takes
a couple of years.” (P1). This implies that legislation in the respective market is crucial for
sales since it determines a) the duration of the approval process and b) the Start of
Production (SOP). This will become relevant when deciding which geographical and/or
product markets to enter in the researcher’s opinion.

In terms of focal company environment information, it appears that required raw
material and interfirm logistics & despatch details are very important. Certainly, knowing
the raw material requirements and logistics details are crucial in determining the delivery
time for the customer and hence ensure high customer satisfaction in this respect.

As previously discussed, information required the most for identified supply chain
decisions is not generated within the focal company, forcing the company to capture this
information in either the network or external environment. Certainly, it could be argued
that the information presented in Figure 4 might reveal this pattern due to the nature of
the information considered; however, the emphasis lies on the fact that much information
required for important decisions is not available within the boundaries of the focal
companies but requires information exchange along the entire supply chain. This gives
reasoning why interview participants mentioned that end-to-end data transparency is
crucial.

It becomes apparent that the market is the most frequently mentioned source of the
information addressed. This implies that companies require capabilities to collect market
information. The lack of information availability about the market becomes apparent by
recognising the inaccuracy in demand planning, which is information available on the
market. “End-to-end transparency of demand establishes better forecast accuracy. This
would allow for almost no stock out and a high service level” (P2). Therefore, having access
to market information is crucial for high service levels, low inventory and quick decision-

making (P2, P3).



This previous section discussed that information identified from literature and confirmed
with interviewees 1s crucial on the strategic, tactical and operational level. The
information required for most decisions lies in the network and external environment. The
source of this information is the market, where information is uncertain. Companies are
required to collect information outside the boundaries of the companies. While collecting
information contributes one step towards data transparency along the supply chain, it has
to be acknowledged that the uncertainty of information might affect its quality. However,
“High quality and granularity of information is crucial for decision-making. Digital
technologies support this” (T6).

How can fine-granular and precise information be captured in real-time to support supply
chain decision-making? It is evident from Figure 4 that companies are currently capturing
focal company environment information with MES and ERP systems. However, the
required network and external environment information are not systematically
captured in any of the interviewed companies. It appears that capturing network
information, hence data transparency along the supply chain, involves focusing on
building trust and establishing data security between supply chain partners (P2, P3, P7,
Al) while capturing external environment information seems to be a matter of
technological feasibility, which is fundamentally different. Building trust and ensuring
data security involves participation of partners in the supply network and is a prerequisite
for capturing network information. Hence, the challenge is to “convince supply network
partners of the benefits of digitalisation” (T3).

The following table compiles the suitability of the digital technologies identified during
the course of the research for the provision of required information for supply chain

decision-making in alphabetical order.



Digital Captures Information dJustification
Technology required captured
information

3D Printing  No N/A Technology employed in production processes, which allows new design perspectives in terms of material,
shape and internal structure of products.
Neither interview participants from technology & research institutions nor from pharmaceutical and chemical
nor from automotive companies clearly stated the potential.

Big Data Yes Network and Large amounts of diverse information can be gathered and processed quickly, which makes this technology

Analytics external particularly suitable to collect network and external information due to the amount and dynamic of the

environment information. This view is supported by one participant claiming: “data analytics also helps gathering external

data” and “adjust production to last demand changes” (P2). Another participant takes the view that “gathering
and provision of information can be supported by applying descriptive, predictive and prescriptive analytics”
(T6)
All participants that referred to big data analytics mentioned the technology in the context of network and
external environment.

Cloud No N/A Represents a combination of various technologies as identified from literature and presents a platform on

computing which data can be uploaded and processed to extract meaningful results (T2, T3, T6). Hence, cloud computing
does not seem to present a digital technology to gather but rather to store and provide information captured
by other digital technologies.

Cyber- No N/A Defined as the systems that offer integrations of computation, networking and physical processes as identified

physical from literature. (T2, T6). Examples of cyber physical systems identified in literature include transportation

system networks and distribution networks. Hence, it appears that the terminology “cyber-physical systems” refers

to the integration of the digital technologies that capture the information (T4, T5); it is not the cyber physical

system itself.




MES & ERP  Yes Focal Integrates information about accounting and control, manufacturing and distribution, sales and orders,
company human resources and management reporting, as identified from literature (T2, T3).
environment

Robotics No N/A Robotics can be used for the “autonomous production and delivery of products without human interaction” as

identified by interview participant T1. However, it appears to be suitable for shop floor digitalisation with
regards to process improvements (T6).

Sensors Yes Focal Participants see the potential of the technology in promoting end-to-end visibility and control of supply chains
company (T'1) and provision of real-time information in the supply chain (T4, T5). Hence, sensors appear to represent
environment a track & trace technology. Therefore, sensors will not be regarded separately but as part of Track & Trace in

the course of the research.

Social Media Yes External It is a set of tools and strategies to communicate with customers, especially through blogs, collaborative
environment projects (such as Wikipedia), social networking (such as Facebook) and content communities (such as

YouTube) as identified from literature.

P1 acknowledged the potential in the following area: “Company external data, such as customer data, is not
readily available. Other solutions need to take care of collecting this information and make it available to
companies. Social media would be such a solution with which structured data could be collected”.

Track & Yes Focal Track & Trace technologies (RFID and GPS) store information about a physical object and its location. It can

Trace company be used for inventory tracking and identification of objects as identified from literature. The identified
environment potential for companies lies in the provision of focal company environment information (T2, T3).

Virtual No N/A Virtual Reality is characterised by illustrating the real world enhanced with sound, video, GPS data, etc. and

Reality provides assistance to operations in industries, as identified from literature.

Interview participants T4 and T5 gave picking glasses to “support picking activities for warehouse personnel”

as example. Hence, it appears to be a technology of operational nature.

Table 8: Digital Technology Assessment



The characteristics of the digital technologies identified in the literature review and the
discussion in Table 8 provide the insights required to build the linkage between particular
information required for decision-making and the digital technology that can deliver it.
The steps involve:
1. Allocating particular information to particular supply chain decisions (conducted
with the Design Structure Matrix during the interviews (for results refer to Figure
4))
2. Allocating particular information to particular source (conducted with the Design
Structure Matrix during the interviews (for results refer to Figure 4))
3. Allocating particular information to digital technologies (refer to Figure 5)

Figure 5 presents the results.
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Figure 5: Relationship between Information, Supply Chain Decisions, suggested Technology and Source of Information



5.3 Digital technologies in supply chains as source of competitive advantage: a
dynamic capabilities view

Dynamic capabilities theory takes the view that competitive advantage lies in processes,
positions and paths. As identified from literature, technology can be considered as a
position since positions refer to assets companies possess. In order for the digital
technologies identified to represent a dynamic capability, they need to fulfil the criteria
suggested by the theory: competence to create new products and processes, competence to
respond to rapidly changing markets, competence to use resources to create market
change and competence to create, extend or modify the resource base of the company.

Whether or not the relevant digital technologies identified represent a dynamic capability

1s discussed in Table 9.



Digital
Technology

Dynamic

Capability

Justification

Big Data Analytics

Yes

Companies will be able to collect and process information about their environment and derive appropriate actions rapidly.
As one interviewee mentioned: “if we have a competitor that is in a stock out situation, we can get this information quickly
and adjust our production to satisfy the additional demand.” (P2). > Competence to respond to rapidly changing markets
and competence to use resources to create market change by taking over market share.

“Additional values to customers enabled by information availability can be generated” as identified from interview

participants T4 and T5. > Competence to create new products and processes.

MES & ERP

Yes

Can be integrated with Track & Trace technologies to create a new resource: “Tracking and tracing information of objects
can be shared with enterprise systems, such as ERP or MES. These enterprise systems can then trigger appropriate actions,
dependent on location or state of the object, such automatically trigger distribution when product is “ready to ship™” (T2).
This would enable the company to increase supply chain velocity, which is an important factor in a quality, cost and

delivery time driven market environment. > Competence to create, extend or modify resource base.

Track & Trace

Yes

Tracking of objects “enables us to know exactly where every raw material and product is” (P3). This would allow the
company to rapidly react to fluctuating demand through optimised workload balancing and rapid response to increasing
demand, for example. Furthermore, optimised workload balancing also enables companies to respond to customer
preferences quickly by being able to introduce additional production processes to produce adapted or new products due to

available capacity. 2 Competence to respond to rapidly changing markets and competence to create market change.

Social Media

Yes

Social media integrated with MES & ERP systems could improve demand planning by capturing customers’ opinions
through their interaction on the internet. It can also help improve customer service as one interviewee identified: “It is
extremely important to know about customer satisfaction to be able to react quickly, assist the customer if required and
provide a good service.” (P1) 2 Competence to create market change by quickly adapting customer wishes and therefore

alter products or services.

Table 9: Digital technology assessment from a dynamic capabilities perspective



All digital technologies identified and required for providing information for decision-
making present a dynamic capability. However, it is the seamless integration of
technology into a cyber-physical system that provides focal company, network and
external environment information extent (T2, T3, T4, T5, P1, P2, P3, Al, A2) and

creates competitive advantage.

6 Conclusion

Digital technologies integrated into a system capable of delivering focal company, network
and external environment information help companies sustain competitive advantage in
a highly dynamic environment.

In order to come to this conclusion, three case studies were conducted investigating (a) the
concept of digitalisation, (b) identifying required information for supply chain decisions
and (c) linking digital technologies to required information. 14 interviews in 12 different
institutions across three different industries were carried out. A cross-case analysis and
the incorporation of a key theoretical concept describing how to create sustainable
competitive advantage revealed under what circumstances identified technologies present
a dynamic capability. The following framework is suggested to evaluate whether a
particular digital technology has the potential to qualify as dynamic capability on the basis

of the analysis and discussion.

Understand Assess capability of Take decision to
required
information

Select technology
capable of providing
this information

technology to create implement or
competitive discard digital

associated with SC advantage technology

Refer to Figure 3: Refer toTable 4 and Refer to Table 5 for All assessment
use as template and select appropriate assessment criteria criteria should be
establish technologies in and Table 12 as met to develop full
relationships Figure 3 example dynamic capability

Figure 6:Digital technology selection from a dynamic capabilities perspective

6.1 Key findings

The key findings are presented in Table 10.

Key findings Implication

1. Digitalisation

“Digital supply chains can be described as the Common understanding of digital supply
interconnectedness between cyber-physical systems chains amongst academia and industry.
capable of storing, processing, providing and

vertically and horizontally exchanging information



along the entire supply chain in real-time through
enabling digital technologies.”

4 key technologies are required for supply chain
digitalisation: Big Data Analytics, Track & Trace,
Social Media, MES & ERP

Clarity about required digital technologies for

digitalisation of supply chains.

2. Decision-making in supply chains

Allocation of information to particular supply chain
decisions, required technology to capture this

information and source of the information.

Improvement of supply chain decision-making
and company performance by having required

information available.

3. Dynamic Capabilities

In general, single digital technologies do not fulfil
all criteria to qualify as dynamic capabilities. To
reap the full competitive advantage, digital

technologies need to be used jointly.

Development of understanding about required

digital technologies for decision-making

required. 2 The framework “Digital technology
selection from a dynamic capabilities
perspective” developed in this research supports

this.

Table 10: Key findings and their implication

Further findings and their implication are presented in Table 11.

Further findings

Implication

1. Digitalisation

The understanding of digital technologies might
differ according to context, for example: Cyber-
physical systems can be only a production machine,
such as CNC machine but also the entire supply
chain as an integration of various technologies

2 different classifications were developed:

a) according to characteristics

b) according to application

Requirement to clarify context prior to
identification of appropriate technology for

desired outcome.

a) Similar technologies are grouped and present
guidance for available technologies within
clusters.

b) Description of application of technology to

provide guidance for users.

2. Decision-making in supply chains

All information identified is required for strategic,

tactical and operational decision-making

The digital technologies proposed capture company
internal and external information identified and

required for supply chain decision-making

Establishment of data base comprising of
internal and external information to which
managers on all levels have access required.

Decision-making is based on high quality
information, which would otherwise a) not be
available, b) lack quality, c) lead to decision-

making based on unreliable assumptions.



To deliver all information required for decision-

making, digital technologies must be integrated.

Otherwise information might be missing

Establishment of data integration platforms to

gather all information captured by various

digital technologies required.

Table 11: Further findings and their implication

6.2 Limitations of Research & Further Research

This research has a few limitations. First, 14 interviews were conducted to identify how

digital technologies in supply chains can be a source of competitive advantage. Hence, this

research can be seen as preliminary answer; however, it is recommended to extend the

research to a larger pool of interview participants.

Secondly, the research focused on required information for decision-making from the

perspective of the manufacturing firm as focal company in the supply chain. However,

digitalisation requires commitment of all supply chain partners and not all supply chain

partners might have the resources to digitalise. Hence it would be interesting to

investigate the readiness for digitalisation in the upstream and downstream supply

network from a complex adaptive systems perspective.

6.3 Theoretical Contributions

This research has several theoretical contributions, which are presented in Table 12.

Theoretical Contributions

Topic Tools created Status
1. Digitalisation
Definition of Digital Supply Chains Modified

Classification of digital technologies

Established  (from

literature review)

Motives for digitalisation Established
Barriers for digitalisation Established
2. Relationships in supply chain

decision-making

Decision-Information Design-Structure Matrix Established
Information-Source Design-Structure-Matrix Established
Information-Digital Technology Design-Structure-Matrix Established
Decision-Information-Source-Digital Design-Structure-Matrix Established

Technology

3. Digital Technologies in the context of

dynamic capabilities




Qualification of identified digital technologies Established
as dynamic capabilities and impact
Qualification of general digital technologies Dynamic Capabilities Established

as dynamic capabilities Assessment Framework

Table 12: Theoretical Contributions

6.4 Practical Contributions

This research informs companies what information they require for particular supply
chain decisions to be able to make well-informed decisions. This can significantly improve
decision-making in terms of appropriateness and velocity, which can improve company
performance. Secondly, the research brings clarity to companies what identified digital
technologies are best suitable for digitalising a supply chain. This work also informs
companies how digital technologies can create competitive advantage. A “Dynamic
Capability Qualification Framework” was suggested that helps companies identify
whether particular technologies, that might not have been considered in the research, can

be a source of competitive advantage.
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