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1 | INTRODUCTION

The offshore oil and gas industry is one of the main sources of energy
globally, and one of the main sources of fuel for all transportation
modes that connect markets and transport people worldwide.>-? Off-

shoredrilling platforms in the open sea extract fossil fuel resources that

Cecilia Haskins?? | Mo Mansouri®?!

Abstract

The offshore oil and gas upstream supply chain operations are part of a complex
system with many stakeholders and intricate relationships. Traditionally, these oper-
ations are managed manually, which leads to inefficiencies. Despite the innovative
and engineering-orientated approaches adopted in other technical operations of the
industry, the supply chain activities remain unchanged, relying heavily on legacy sys-
tems. However, cutting-edge technology opportunities are available for adoption in
supply chain management systems in the oil and gas industry. Such a transformative
upgrade relies on first understanding the operational inefficiencies and preparing an
accurate picture for how these operations should be performed. This study adopts a
systemic approach to examine the oil and gas offshore supply chain operations of a
case company to identify areas for improvement. The objective is to address the follow-
ing research questions: (1) what is the current “AS-IS” supply chain operations support;
and (2) what is the desired “TO-BE” state for these operations. This research adopts a
soft systems lenses applied in an action research project to capture and analyze exist-
ing operations. The research revealed that information exchange is a major barrier, and
that technology and organizational gaps are the primary hindrance for a digital trans-
formation. The conclusion is that there is a need for a higher level of data exchange and

increased data quality in any proposed transformation.

KEYWORDS
index terms: exploration and production, oil and gas offshore drilling, supply chain operations,
Systemic analysis

contribute to the supply of energy and petroleum derivate products.?-*
Stopford® includes the offshore industry as a part of the marine
resources group, including offshore oil, gas, renewable energy, and
minerals. These offshore activities begin with the exploration (search)
for oil and gas (upstream), exploitation (production) of reservoirs and

eventual transportation (midstream) to shore for further downstream

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2022 The Authors. Systems Engineering published by Wiley Periodicals LLC.

Systems Engineering. 2022;1-16.

wileyonlinelibrary.com/journal/sys 1

85US017 SUOLULIOD BAERID 3|t dde 3y Aq pauenob 818 91 VO (88N J0 S3INJ 10} ARIQIT BUIUO 4811 LD (SUORIPUOD-PUE-SWLBILIOD" A3 I ARR1q 1 BU1IUO//SANY) SUORIPUOD PUe SIS L 84} 39S [€202/60/2T] U0 ARIgIT8UIUO ABIIM ‘PIOASSA 13PI10!1018 FIOHON-LSOHOS | NS TOMSOOH Aq 269Te SAS/200T 0T/10p/i0d A | 1M Aseiq 1jeu|uo'as00u /Ay WOy pepeoumod ‘0 ‘858902ST


https://orcid.org/0000-0003-4984-272X
https://orcid.org/0000-0002-2506-8808
https://orcid.org/0000-0003-4517-7830
mailto:karenvcz@gmail.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://wileyonlinelibrary.com/journal/sys
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fsys.21652&domain=pdf&date_stamp=2023-01-01

2—I—WI LEY

CZACHOROWSKI ET AL.

processing.® The upstream activities are executed by the Exploration
and Production (E&P) companies that appraise and search for the oil
and gas resources, which then are extracted, refined, and distributed by
the companies downstream.” In upstream companies, the operations
conducted offshore include the appraisal of potential reservoirs, their
exploration through well-drilling activities, and the operationalization
and maintenance of established platforms and wells.23 This study is sit-
uated in a firm providing upstream services with a focus on the drilling
activities conducted offshore and the supply chain (SC) support for
these activities.

The offshore oil and gas industry has historically benefited from
high profits resulting from high commodity prices and high energy
demands.387 Since 2015, however, a confluence of factors has caused
prices to plummet to new lows.° Even though energy demand remains
high,11-13 there is higher pressure for industries and countries to tran-
sition from fossil fuels to cleaner forms of energy,”-1 %14 which increases
the competition in the energy sector for market share. At the same
time, high levels of oil supply, such as seen in from 2014 to 2016131>
and dramatic decreases in demand, directly result in lower oil price,
such as experienced during the pandemic in 2020.1416 These events
drive the industry to operate at lower profit margins, which increase
the dependency on its ability to reduce both capital and operational
costs to remain profitable.?1317 Despite projections by energy experts
suggesting that the global oil supply will not be enough to meet the
energy demands of the next decades and that more oil resources are
needed,8 the offshore oil and gas industry has a disadvantage in rela-
tion to its competitors. Offshore operational costs are higher than most
of the onshore equivalent operations due to the complexity related to
costly appraisal and the remoteness of its production facility locations
and the additional costs for the supply chain and logistical support they
require. Therefore, improving the supply chain operations, removing
inefficiencies, and reducing operational costs are high priority initia-
tives to sustain the industry’s position and profitability in a competitive
and complex energy market.?

In Norway, oil and gas offshore operations (metaphorically, the
“front office”) are highly innovation and technology-driven, imple-
menting many initiatives that promote energy efficiency, safety, and
sustainability, such as electrification of platforms, shore-based drilling
operations, remotely operated robots and others.”1517 At the same
time, the supply chain activities that support these operations (the
“back office”) remain outdated, still working based on manual data
input, spreadsheets and bloated overhead that directly impacts the
costs of operations.2%-22 However, due to the increasingly low profit
margins and pressure for more sustainable operations previously
detailed, the industry can no longer overlook the inefficiency of its
supply chain operations.?17:20.23.24

The offshore industry is poised to look at supply chain operations
holistically and to reap the advantages of modern computing power,
tools, and their adoption strategies by taking advantage of the cur-
rent wave toward digital transformation.1? Rather than mimic human
activities with computers, these modern tools and solutions allow the
industry to rethink its whole approach to supply chain operations and

implement the appropriate tools and solutions while revisiting oper-

ational processes and workflows. Yet, the interconnectedness among
the parties involved in the supply chain activities, stakeholders and
tools means that even small changes by one actor can have conse-
quences for the others in the ecosystem, resulting in a set of very
complex tasks that the existing supply chain operations models (e.g.,
SCOR) cannot support as they either are too generic or not robust
enough to support the transformation that the upstream oil and gas
supply chain requires. For these reasons, this study adopted a sys-
temic approach to examine the supply chain operations through the
lenses of soft systems rather than a piecemeal identification of existing
inefficiencies that undermine the industry profitability and operational
excellence, and to determine how these operations can be improved.
Two research questions guide this study:

(1) What is the current offshore E&P supply chain structure and
what are its challenges to supply chain operations handling?

(2) What is the desired end-state for supply chain operations
support, with an emphasis on the offshore E&P drilling activities?

This study reports on results from the first two cycles of an action
research project conducted in an E&P Norwegian operator on the
Norwegian Continental Shelf (NCS). The objective of this study is to
identify how to tackle the inefficiencies in the current supply chain
operations that support the drilling activities conducted offshore. The
paper continues as follows: Section 2 contains the literature review
findings; Section 3 presents the study’s methods and data; Section 4
explores the results and the study’s implications and finally, Section 5

offers conclusions and the way forward.

2 | BACKGROUND

The offshore drilling activities to retrieve oil and gas resources rely on
the support of supply chain operations as illustrated in Figure 1. This
supply chain is defined by the flow of goods from an upstream sup-
plier through manufacturing (midstream) and downstream, through
distribution channels to the end customer. Its management includes
the related information, systems, integration, planning, research and
development, operations, and total system/value analysis.2>~27 This
paper focuses on the upstream offshore operations as shown in the
upper left side of Figure 1.

From a high-level perspective, the offshore oil and gas supply chain
resembles those servicing continuous operations, such as manufac-
turing industries.? Yet, it has a higher complexity due to the type of
activities that need to be executed, the type of items that require
purchasing, and the transportation of materials and equipment to
the remote locations where these activities occur. In the Norwe-
gian offshore oil and gas industry, these supply chain operations are
part of a multi-faceted network that involves a variety of parties
and stakeholders, and requires compliance with ever-growing reg-
ulations, resisting challenges from other industries and overcoming
uncontrollable events, such as weather and health emergencies.2”:11
Additionally, the accessibility to the platforms heavily impacts the
supply chain network design, procurement and logistics, such that

technology becomes a decisive factor for how operations are to be

85US017 SUOLULIOD BAERID 3|t dde 3y Aq pauenob 818 91 VO (88N J0 S3INJ 10} ARIQIT BUIUO 4811 LD (SUORIPUOD-PUE-SWLBILIOD" A3 I ARR1q 1 BU1IUO//SANY) SUORIPUOD PUe SIS L 84} 39S [€202/60/2T] U0 ARIgIT8UIUO ABIIM ‘PIOASSA 13PI10!1018 FIOHON-LSOHOS | NS TOMSOOH Aq 269Te SAS/200T 0T/10p/i0d A | 1M Aseiq 1jeu|uo'as00u /Ay WOy pepeoumod ‘0 ‘858902ST



CZACHOROWSKI ET AL.

" upomeaw | wosmeaw | pownsmeaw

OIL & GAS EXPLORATION/PRODUCION

TRANSPORT & STORAGE

PRODUCT PREPARATION & USAGE

OFFSHORE

OIL & GAS PLATFORM

ONSHORE

PUMP JACK

Exploration
Field Development
Production Operations

PROCESS
4| &STORAGE
j

PIPELINE

OIL & GAS TRANSFER

SLIIRRNRRNNENS

T

TRANSPORT

Transportation
Processing
Trading and Storage

FIGURE 1 Overview of oil and gas industry’s value chain?®

DISTRIBUTION

SALES / MARKETING / RETAIL

©  REFINING
' & PURIFYING

g HE

Manufacturing
Refining & Petro-Chemicals
Wholesale and Retail

WI LEYJ—3

Upstream Offshore Oil and Gas Drilling Activities

!

Drilling Concept Select

Well / Platform Design

Drilling Activity Plan

Drilling Execution

Drilling End & Summary

4

4

4

Upstream Supply Chain Operations

i1

Strategic Supply Chain and Logistics

Operational Supply Chain and Logistics

v

- Strategic Suppliers and Alliance
Management;

- Contracts, frame agreements and
partnernships;

- License management with other
stakeholders.

OPERATIONAL SUPPLY CHAIN MGMT.

- Purchase-to-Pay Management;

- Material, equipment and service acquisition,
management and payment;

- Inventory management;

- SC cost management.

OPERATIONAL LOGISTICS MGMT.

Operational Logistics Management;

- Vessel inspection, vetting, scheduling and
management;

- Terminal handling and land logistics;

- Vessel and platform deck capacity
management;

- Waste management.

FIGURE 2 Supply chain operations in the context of offshore drilling activities3°

executed and managed.232! The logistics operations to deliver and
retrieve materials offshore require the use of specialized terminals
and vessels, and many times, are situated in extreme conditions, such
as frozen waters and winter storms, that pose threats to the abil-
ity to complete the operations and to the well-being of the workers

involved.2”2? Figure 2 illustrates in more details the upstream supply
chain operations that support the upstream offshore oil and gas drilling
activities.

There are many supply chain models and frameworks to design,
manage and improve operations, such as the traditional Supply Chain
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Operations Reference (SCOR) developed by the Supply Chain Council
(SCC) in 1996.252731 This model is well recognized both in aca-
demic literature and industrial practices and is proposed as a strategic
tool to design, plan and operate supply chains and decrease their
complexity.31-33

Despite being rooted in industrial practices and offering a standard
for supply chain practices SCOR and similar models are focused on pro-
duction and consumer supply chains without consideration of flexible,
lean, and agile strategies.3* Many of the stages or relationships pre-
sented in these models do not exist or are different in the oil and gas
context, and thus, these models are not robust enough to support the
holistic examination of the oil and gas supply chain. Still, there is no rec-
ognized model in literature that addresses this industry holistically.6-3>
Ahmad et al. (2017) offer a framework to address this gap, but within
a sustainability context. Raut et al.%¢ and Gardas et al.3” suggest deter-
minants and criteria for successful supply chain management in oil and
gas, but in a sustainability context instead of looking at operations
holistically. Nevertheless, the goal of this study is not to address this
lack of suitable models, but to provide a more effective way to examine
the oil and gas supply chain.

Rebs et al.?® found that a majority of models they investigated
dealt with macroscopic levels of analysis while models for intra- and
inter-organizational supply chains were less prominent and they make
the case for applying a systems thinking perspective in a conceptual
framework. They promote the importance of multi-level frameworks
to grasp the whole complexity of supply chains and the interrelation-
ships between the different levels of analysis, such as recommended
by Fabbe-Costes et al.3? The effectiveness lies in inclusion of all stake-
holders’ perspective and adoption of a lens through which we can
examine the impacts of collective interactions among all actors of the
system with an organizational network perspective. Hence, this study
adopts systems thinking approaches and methods for this purpose, as
presented in the next chapter.

3 | METHODS AND DATA
3.1 | Overview

This study is constructed from the first two cycles of an action research
project conducted in an E&P Norwegian oil and gas operator on the
Norwegian Continental Shelf (NCS), hereafter referred to as the Oper-
ator. Action research (AR) is a method that integrates theory and
practice to solve complex problems in organizational or social arenas
where the researcher works together with the persons experiencing
those problems.*®-42 AR adopts a view that the world changes con-
stantly, and this change influences both the research and researcher.
Through simultaneous research and participation, AR supports theory
and knowledge creation and problem-solving to achieve both prac-
tical and research objectives.*1"3 Since the initiation of AR with a
proposal by Lewin** involving a spiral of steps, many approaches for
conducting AR have emerged, and this study adopts the four-stage

approach proposed by Kemmis et al.*2 Action research employs soft

systems methods,*14> which are ideal to examine the supply chain
under consideration in this study rather than adopting and adapting the
traditional models available.

Soft systems methods (SSM) include visual techniques for explor-
ing the perspectives of multiple stakeholders. This involves activities,
such as “rich picture” creation, to build a visual “map” of people’s per-
ceptions of a complex problem; identifying possible transformations
and visualizing the required actions to achieve the change; and find-
ing accommodations between stakeholders to agree the most desirable
and feasible way forward.*¢#” Using these tools helps stakeholders
learn collaboratively about complex situations and generate better
mutual understanding of their different viewpoints on desirable and
feasible change.

By using soft systems methods techniques for investigating com-
plex and challenging problems it may be possible to discover the most
appropriate solution for them through an analytical approach to sit-
uations that include various participants and systems with little or
no direct links between them. Systems thinking is a concept derived
from systems theory*®4? that allows recognizing and understand-
ing relationships, cause and effect, connections, interdependencies
and feedback to describe systemic behavior and assist solving com-
plex problems.*?~>1 Using systems thinking we begin to understand
the multifaceted nature of the world through systemic reflection and
through the ability to think critically in complex situations.?1->3

Tools available from systems science help us to explain and rep-
resent our observations both temporally and spatially.>* To visually
present the results related to this study’s objectives, that is, identify-
ing the current system state (“AS-IS”) and desired end-state (“TO-BE”),
we adopt the systems thinking tool called the systemigram.>152 A
systemigram supports describing complex systems’ construction and
functionality®1°>°¢ through understanding their entities and rela-
tionships among them. When applied to this study, they provide an
understanding of how the offshore drilling supply chain operations are
interrelated to other parts of the organization and beyond.

3.2 | Study cycles and data collection

The study was conducted at the Operator facilities from July 2018
to December 2020, divided into two research cycles. The first cycle
started in the second quarter of 2018 and was completed in the fourth
quarter of 2019. The second cycle began upon the completion of the
first, in the first quarter of 2020, and lasted until the fourth quarter
of the same year. Both cycles were divided into four stages, namely,
Plan, Act, Observe and Reflect, conducted sequentially (Figure 3). Each
phase had a specific objective and a set of activities for its completion,

as detailed in the sequence.

321 | Cycle1

Each stage of the cycle had specific objectives and a set of

activities executed to achieve them. In cycle 1 (Figure 4), these
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OBSERVE

PLAN

Cycle1
Objective: Investigate, map and frame the “AS-IS”

Tasks executed:

Task 1: Workshops to discover what was being done in the company related to
SCM in general and its support to drilling operations - the current AS:IS

Task 2: Interviews with selected stakeholders to coliect detailed information
Task 3: Analysis of literature and company processes

Task 4: Workshops/smaller interactions with selected stakeholders to verify
collected information

Task 5: Converted gathered information into visual explanations of the AS-IS

Cycle 2
Objective: Investigate, map and frame the "TO-BE”

Tasks executed:

Task 1: Workshops to discover what was intended as the future state in the
company related to SCM in general and its support to drilling operations - the TO-BE
Task 2: Analysis of literature and company processes

Task 3: Workshops/smaller interactions with selected stakeholders to verify
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collected information

Task 4: Converted gathered information into visual explanations of the TO-BE

Next
cycle(s)

FIGURE 3 Scheme of action research cycles, stages, and tasks (based on*?)

PLAN } ACT } OBSERVE } REFLECT
OBJECTIVES: OBJECTIVES: OBJECTIVES: OBJECTIVES:
- Identify the problem and - Collect dats; - Validation: is the problem - Document outcomes.
how to map and frame it; - Frame and present AS-IS. formulation and AS-IS
- |dentify needed data and correct? ACTIVITIES:
prepare for data collection. ACTIVITIES: - Writing;
- Workshops; ACTIVITIES: - Create visualization.
ACTIVITIES: - Process scanning; - Workshops for validation.
- Literature Review; - Interviews; PERIOD:
- Workshops. - Data analysis. PERIOD: 4Q/2019
4Q/2019
PERIOD: PERIOD:
2Q/2018 3Q/2018 to 3Q/2019

FIGURE 4 Cycle 1-detailed phases

activities were conducted to collect and analyze data, scan the
Operator’s processes within the researched context, and vali-
date and document (writing and visualization) the information
gathered.

Following an approach selected to collect evidence from multiple
sources and secure research reliability through data triangulation,>”
data was collected through four activities: (1) literature review; (2)
workshops where participant observations were recorded; (3) semi-
structured interviews with the supply chain and logistics departments,
their internal customers and additional stakeholders; and (4) a review
of the organization’s operational processes, software/applications and

their overlap, collected through an analysis of the organization’s

internal tools. Details are summarized in Table 1.

Cycle 1 Literature review

The literature review was conducted to establish the academic foun-
dation for the research through a search for peer-reviewed academic
articles using Boolean search terms in academic databases, mainly
Scopus and Web of Knowledge. The search keywords were varia-
tions of these terms: oil and gas, digitization, oil and gas supply chain,
Norwegian oil and gas operations. Additional reports by accredited
institutions that research this industry were included in the review
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TABLE 1 Cycle 1 - Detailed data collection and validation activities (data analysis and documentation excluded)

Cycle phase Year Quarter Number of workshops
Plan 2018 Q2 15
Act 2018 Q3 26
Act 2018 Q4 47
Act 2019 Q1 43
Observe 2019 Q4 12
TOTAL 143
TABLE 2 Informants profile - Interviews
Category Type of Role Informant ID
Internal Stakeholder Supply Chain Operations 1.1
Internal Stakeholder General operations 1.6
Internal Stakeholder Logistics operations 1.8
Decision Maker General operations 1.2
Decision Maker Supply Chain Operations 1.4
Decision Maker Logistics operations 1.5
Decision Maker General operations 1.7
End User Supply Chain Operations 1.3
External Stakeholder Logistics operations 1.9

(e.g., DNV, KonKraft, Gartner, Capgemini). The findings from the lit-
erature review are summarized in the background section of this

article.

Cycle 1 Workshops

The workshops were conducted in the form of meetings ranging from
1 to 5 h with one or more Operator employee and others involved in
the conduct of drilling and supply chain operations. Some meetings
were conducted face-to-face, while others were conducted digitally
via Microsoft Teams software. In this cycle, a total of 76 individuals
participated in at least one workshop, but many individuals partici-
pated in more than one. Some of these participants were the same
as the informants selected for formal interviews conducted in cycle
1. However, the workshops were conducted with a loose agenda and
without a formal structure to allow the participants to contribute
freely. To foster active participation, all the physically conducted
workshops had whiteboards and multiple pens available, sticky notes
and the participants were encouraged to collaborate by working
together. A similar approach was adopted in the digital workshops, but
using the Miro software, which is a whiteboard platform that allows
multiple users to collaborate in sketches and drawings in real time

(miro.com).

Cycle 1 Interviews
In cycle one, nine semi-structured interviews were performed face-to-
face with informants in different roles connected to the drilling and

supply chain operations. The interview guide was adapted after the

Interviews Interviewee’s category (see Table 2)

8 Decision Makers, Internal Stakeholders and End User
1 External Stakeholders

9

first interview to improve the flow. The interviews had two main objec-
tives, which were (1) to explore the informants understanding of the
current state of supply chain and logistics operations and (2) to explore
the informants’ recommendations for how supply chain operations
and logistics operations should be conducted and confirm their under-
standing of what was missing to reach this desired state. Even though
this second objective relates to cycle 2, it was included in the same data
collection process during cycle 1 for time optimization purposes. The
selection of informants was based on four criteria, which were used
later to classify the collected data, as follows: (a) decision makers - per-
sons authorized to make any decision over the supply chain operations;
(b) internal stakeholders - supply chain and logistics personnel working
directly in the operations; (c) end users - internal departments sup-
ported by supply chain operations, and finally (d) external stakeholders
- supply chain stakeholders outside the organization. The informant
attributes are based on their work scope, being: (1) general operations,
(2) supply chain operations and (3) logistics operations. The informants’
profile is presented in Table 4, additional information is not given to
maintain anonymity.

All interviews were recorded following informed consent given
by the informant that their identity would be anonymized and that
no proprietary data would be disclosed in the study following eth-
ical considerations.’® Analysis of each interview started with a full
transcription of the recordings, first through the Trint software, then
revised manually. The transcriptions were analyzed by deductive
coding®’ through Nvivo software, adopting a predefined code set,
namely, (1) organization and culture; (2) operations handling; and (3)
technology related aspects.>” These codes aligned with variations of
these three patterns and were selected based on the information col-
lected from the literature and from the workshops conducted prior
to data analysis. Each code partitions the content of the informant’s
perception of the topic, the problems, and the expectations. This same
code set was adopted to classify information collected during the

workshops in each cycle (see Tables 4 and 5).

Cycle 1 Operational processes scanning

To understand how supply chain operations are managed daily, a
thorough exploration of the company was conducted in cycle 1
through an analysis of two of the organization’s internal tools, that
is, the Business Management System (BMS) and workflow defini-

tion software. Together, these tools support all activities involved
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ACTIVITIES:
ACTIVITIES: - Workshops;
- Literature Review; - Data analysis.
- Workshops.

PERIOD: 1Q/2020 and

PERIOD: 1Q/2020 2Q/2020

PLAN # ACT » OBSERVE } REFLECT
OBJECTIVES: OBJECTIVES: OBJECTIVES: OBJECTIVES:
- Identify the TO-BE, map - Collect data; - Validation: is the captured | | - Document outcomes.
and frame it; - Frame and present the TO-BE correct?
- Identify needed data and identified TO-BE. ACTIVITIES:
prepare for data collection. ACTIVITIES: - Writing;

- Workshops for validation. - Create visualization.

PERIOD: 3Q/2020 and
4Q/2020

PERIOD: 4Q/2020

FIGURE 5 Cycle 2 - detailed phases

TABLE 3 Cycle 2-Detailed data collection and validation
activities (data analysis and documentation excluded)

Cycle Stage Year Quarter Nr. of Workshops
Plan 2020 Q1 5

Act 2020 Q1 42

Act 2020 Q2 40

Observe 2020 Q3 21

Observe 2020 Q4 28

TOTAL 136

in the organization’s supply chain processes, their main data ele-
ments, their reference systems, and the applications where the
processes are conducted. The information about the processes
was collected in the following sequence: first, the processes not
related to supply chain were excluded, then the supply chain was
grouped as follows: strategic operations (suppliers, contracts, and
area); operational procurement; inventory management; strategic
logistics (contracts, long-term planning); operational logistics and
marine operations. The processes related to aviation logistics and
manning coordination were excluded as they are not part of the study’s

scope.

322 | Cycle2

As in cycle 1, each stage in cycle 2 had specific objectives and a set of
activities to achieve them. In cycle 2 (Figure 5), these activities were
organized to collect and analyze data (Plan and Act), and to validate and
document (Observe and Reflect) the information gathered.

In cycle 2, data was collected through two activities: (1) litera-
ture review and (2) workshops where participant contributions were
recorded. Data collection in cycle 2 followed the same approach of col-
lecting evidence from multiple sources. The details are summarized in
Table 3.

Cycle 2 Literature review
The literature review was a continuation of the activity described in

cycle 1.

Cycle 2 Workshops

The workshops for cycle 2 were conducted in the form of meetings with
one or more Operator employees but were mostly conducted digitally
due to the restrictions imposed by the pandemic after 1Q2020. Due
to this, the workshops were slightly reduced in duration and ranged
from 30 minutes to 3 hours. In this cycle, a total of 47 individuals par-
ticipated in at least one workshop, but many individuals participated
in more than one. While many of cycle 2 participants also participated
in cycle 1, but 4 individuals participated in cycle 2 who did not partici-
pate in cycle 1. The information provided in these meetings was coded
using the same code set adopted in cycle 1 and the workshops also fol-
lowed a similar loose agenda and informal structure. The participants
were encouraged again to collaborate actively in the workshops, and
due to the digital nature of the meetings, this collaboration was done
using the Miro whiteboard platform.

3.2.3 | Validation

Activities to validate the results of this study took place within the
workshops in both cycles during the “observe” phase (Figures 4 and
5 and Tables 1 and 3). In these workshops, participants were pre-
sented with the preliminary results from the cycle and confirmed the
researcher’s understanding of the “AS-1S” and “TO-BE” system states,
respectively, derived from the research process. In each cycle, minor
corrections were recommended and accepted. The participants for
both these validation rounds were selected randomly from the pool
of participants who had been involved in the previous data collection
phases, depending primarily on their availability to participate in the
workshops.

The results that follow are based on the accumulated information

collected in each cycle, and the processes, while typical of those found
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elsewhere, are not meant to portray a generalized set of practices or
activities for the industry.

4 | RESULTS AND IMPLICATIONS
41 | “AS-1S” - capturing the current state

Theresults from the first cycle of this study indicate that the Operator’s
daily supply chain operations are inefficient and fragmented into silos,
and communication is poor between those managing supply chain and
logistics. In addition, exploration, production, and maintenance busi-
ness units are not interconnected. The Operator is present in circa
14 fields with different levels of participation and has more than 600
suppliers globally, including its logistics vendors. Managing these is a
daunting task, and management of logistics operations has many speci-
ficities that require extra resources. The workshops conducted in the
first cycle gathered the perspectives from many different stakeholders.
The participants actively utilized the whiteboards available to visually
identify the many stakeholders, processes, applications, and their inter-
actions. The various views ranged from a holistic view of operations to
detailed views of specific interactions.

Many examples of complex operations were uncovered during the
workshops, but the transportation aspect is one of the most impor-
tant and complex. Offshore locations depend upon the availability
of specialized vessels that must be sourced, usually through long-
term lease contracts, and approved for sailing and use in pre-defined
operations. Once a vessel has been identified, the transportation of
items can be scheduled and verified. Finally, their day-to-day oper-
ations must be managed according to specific legislation, including
loading/offloading, routes, specialized personnel availability, and other
details. Currently, these are managed by multiple department units
incurring a high overhead cost and supported by scores of different
software and applications. Daily, marine coordination, vessel manage-
ment, vessel inspection, vessel vetting, ocean transportation, ocean
transporters and vessel companies must work together to fulfill a given
objective, but each of them has a specific role, set of tasks, responsi-
bilities and external interconnections related to the transportation of
goods offshore.

For example, vessel inspection comprises the activity of inspecting
vessels, which is performed by certified bodies under the coordination
of vessel vetting. Vetting verifies and approves the vessels that can be
used in the operations, which are rented from vessel companies and
managed by the vessel management group (including bunkering). Spot
and ad hoc transportation are also performed by ocean transporters.
These operations are a combination managed under ocean coordina-
tion/ transportation, which is part of marine coordination (see Logistics
in Figure 6). This last entity comprises additional activities related to
marine and underground operations. This example shows the intri-
cate communication that happens on a daily basis to manage these
operations.

The final documented version of the “AS-1S” systems state is sum-

marized in a systemigram (Figure 6) that illustrates the system partic-

ipants, the key stakeholders and their relationships and the business
context of the operations conducted within the system. The system-
igram shows the flow of task interactions, focusing on supply chain
and logistics support operations. Each oval is a node, and the shaded
oval nodes with wider borders represent a different system-of-interest
(Sol), for example, third parties. Examples of the tools adopted in the
execution of these operations are shown in the systemigram, however,
some information related to these tools are confidential and cannot
be discussed further. Additionally, at the time of writing this paper,
no decisions were made by the company regarding the exact tools
that would be adopted or remain in use, or how to address some of
the interfaces and interactions among these methods and tools. The
major interconnections are presented by wide bold arrows, while the
non-bolded shapes and thinner arrows represent secondary nodes and
flows. The sub-nodes within each larger node are presented in differ-
ent colors and shaded patterns that indicate whether they are internal
or external stakeholders; those left blank or without patterns are com-
plementary nodes. The color and pattern scheme is presented in the
figure’s legend. The white bubbles show candidate systems and tools
used to manage the different activities not shown in the diagram, or
the fact that these tools are also data-syncs that hold archived informa-
tion, probably also used for decision-making. Reading a systemigram
starts at the top-left corner, indicating where the supply chain opera-
tions demand begins with the results of field appraisal and exploration.
The reading continues towards the bottom-right corner where a final
node indicates a successful operational objective with feedback to the
Logistics Sol.

All interactions shown in the “AS-1S” systemigram rely on manual
interventions, both when exchanging information within sub-nodes or
with the other nodes in the system. The same applies to software - in
the supply chain context, all information input to any software is man-
ual, just as is the information exchange to other software. Any current
data that is generated in any software (e.g., transactional data) also
relies on a manual interaction to be made available for the next step in
the supply chain and is only made available upon request or through
established agreements and processes. Therefore, the quality of the
data available is jeopardized by the several manual dependencies and
interferences made during the execution of the supply chain processes.
At the same time, data is not always retrieved from the source where it
was generated, which involves a high-maintenance process to reconcile
information throughout the many applications using it. Finally, there is
a constant risk of major data breaches, either intentionally or by mis-
take, just as major operational vulnerabilities exist due to the reliance
on people to maintain data updated and correct.

The workshops revealed that information exchange is a major bar-
rier to operations efficiency, and that this is due to two main factors: (1)
the lack of data and software interoperability and (2) the lack of agree-
ment surrounding the way these issues are to be solved. In the drilling
context, the software installed throughout the operations are mostly
monolithic with low levels of integration. Add to the mix the different
groups manually managing different parts within and between organi-
zations, and software-based communication is minimal or nonexistent.
As a consequence, the ability to plan and communicate plans across
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FIGURE 6 Documented and validated “AS-1S” Systemigram

the network is restricted, directly impacted by this limited access to
information across the stakeholders. As one informant explained: “it’s
a rather fragmented operation (...) we're always in a kind of emergency
situation and that basically tells me that there’s not sufficient planning hori-
zon, we're not smoothly operating it” (1.2). The same informant continues
stating that:

“... from a coordination perspective, my impression is
that we lack a bit of data, and planning is not what it
needs to be (...) | think that the logistics today is a patch
Band-Aid (...) there’s too little transparency as the data
is not flowing sufficiently to give you an angle of attack

into these more challenging questions” (1.2).

In short, information and financial flows are broken and rely on
human resources to fill the gaps through manually inputting infor-
mation in many different software throughout the network. Most
interactions take place via email and telephone with the meager
support of overengineered processes to compensate for the lack of

interoperability, resulting in low inventory control, lack of a standard-
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ized master data structure, governance, plan structure and operational
forecasts. This is validated by the informants: “it requires a lot of human
interaction and a lot of interaction between us, our assets, and also the
vendors” (1.3) and “we’re putting humans in to patch processes, that are
not really working (...) the situation has been normalized, we have a feel-
ing that this is the way it is (...) this is poor practice but we're calling it
best practice” (1.2). The consequences of the documented processes are
sub-effective, risky, and expensive supply chain and logistics operations
throughout the whole value chain with low levels of interoperability.
This results in slow responses to events, inefficient allocation of inven-
tory, inability to take advantage of shorter lead times, and sub-optimal
fleet utilization.

The data collected exposed three root causes for this situa-
tion as follows: (1) the organizational culture in how operations
are handled; (2) the historical lack of urgency to invest in the
supply chain (back-office) operations due to high profit mar-
gins from the exploitation (front-office) activities; leading to
(3) the failure to invest in technology for supply chain oper-
ations. Regarding addressing the first cause, one informant

explains:
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“... like many traditional industries, we work in silos.
And there is a culture for not to blend in or inter-
fere with other business units’ issues. But now we are
encouraged through the cultural model to (...) go into
other views and domain and ask some good questions
and to encourage collaboration” (1.4).

Another informant complements this by stating: “... maybe peo-
ple are protective. They know how it should be solved, maybe they’re
not used to getting inputs from others and have the correct arena to
have those discussions” (1.3). Concerning the second and third causes,
many of the workshop participants and interviewees summarize it
by saying that the industry has currently been in a positive finan-
cial situation that allowed it to overlook the supply chain operations
inefficiencies, as investing in drilling and extraction efficiency offered

bigger returns.

“Our industry has been complacent with regards
to improvement because we have never needed to,
because there has been too much cash. So, if you
compare us to automotive or, other types of industries
where they have lived in low margin businesses for
decades, they have had to develop these (supply chain)
methodologies and processes that are very clear, and
business focused. We have not had (to do) that because

we have always had too much money.” (1.4)

“... the oil companies have been used to kind of push-
ing barriers within their technology. Drilling further,
deeper, faster. But when it comes to all the supporting
systems, of course this is not core technology. So why
should they be the best in the world on that? | guess
that, when it comes to the core of what they’re doing,
they have the brightest engineers, their best people.
So, it makes sense that they are front there but on the
things we're talking (about) here, logistics for instance,
there’s no reason to why oil companies should be best

practice and, best in the world.” (1.6)

“... this is developed over 50 years, so there is a com-
bination of things just happening. A lack of relevant
technology, lack of interest and funding for actually
doing things, investing in making something for the

future, especially on the supply industry side.” (1.6)

The major issues and inefficiencies identified from the workshops

and interviews are summarized by code set with quotes in Table 4.

4.2 | “TO-BE” - Documenting the desired state

During cycle 2 the focus was on mapping the desired “TO-BE” supply

chain operations to the ones that support drilling activities. The work-

shops conducted in each cycle were a significant source of information,
and in cycle 2 participants were asked to describe what is desirable for
the Operator and for the industry as a whole. As before, many par-
ticipants engaged in drawing what they envisioned as their desired
operational support, at both a holistic and detailed level. The reader
should keep in mind that this is their perception of how to improve their
current situation and does not imply an idealized solution.

The results confirm that technology and organizational change is at
the center of the transformation desired for supply chain operations.
Virtually all informants and workshop participants specify the need for
a higher level of data exchange and the ability to retrieve and send data
without manual interference as a way to increase data quality. Some
mention that improving the software and applications where data is
created and consumed is the most important step, while others identify
the need for common and unique identifiers throughout supply chain
operations to increase information visibility. However, the understand-
ing of how and why to do this varies a lot. Many informants think of data
exchange in the sense of cross-company collaboration, while others
think of it in relation to daily operations being conducted in applica-
tions and software, therefore, related to interoperability. Hence, it is
important to understand and define very well what is meant by infor-
mation sharing and communication. In many of the workshops, it is
clear that upper management has started to enforce this need as a cul-
tural change and started to spread this message, but those responsible
for implementing this change have distinct views about this transfor-
mation. Lack of a clear vision jeopardizes the success of the ongoing
initiatives in the organization and industry.

One consistent example of contention is the misunderstanding
between “data” and “application/ software”. The majority of the infor-
mants, both in the interviews and workshops, seem to make a strong
correlation between data and the application/software they use daily,
and in general, cannot separate them. This impacts the ones in need
of the data, as any meaningful discussion of how that data is created,
made available and consumed is usually derailed to a software dis-
cussion to define which tools and applications should be adopted in
operations. At the same time, the organization is strongly enforcing
data sharing, yet, because the general understanding of data is not
consolidated, the message enforced by the organization gets lost or
changed in its course and loses its intended effect. We also identi-
fied that the organization made training materials available to increase
the knowledge about data and information management, however, the
majority of the informants affirmed they had not taken any of these
courses.

Based on these findings, it is possible to see that there is a need to
reflect upon how the organization needs to rethink and redesign its
supply chain and logistics operations and adopt technology to remove
inefficiencies in collaboration and streamlining data/information to its
stakeholders.?° Likewise, the concept of prioritizing innovation in a
perceived non-engineering-field like supply chain and logistic opera-
tions, within this engineering-oriented culture, represents a cultural
shift at the organizational level. It was constantly repeated by nearly
all informants and perceived in nearly all workshops and observations

that efficient communication and information sharing is not rooted in
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TABLE 4 Summary of “AS-IS” related findings

Code Major issues and inefficiencies

Organization and * “Silo-working” mentality/protection.
culture * Transactional orientation vs. partnerships
(many suppliers vs. a few strategic ones).
* Lack of consensus.
* Lack of information sharing, visibility, and
collaboration.

Operations handling * Over-engineered processes.
* Slow and fragmented decision
making/sharing.

* Operational bias/different ways of working.

Technology related * Lack of data and software interoperability.

* Legacy systems.
* Lack of a holistic architecture to support
interoperability.

* Lack of IT understanding and several different

understandings.

the daily operations as a priority, therefore, a cultural change must

happen in the organization and industry.? As one informant puts it:

“I'm not really sure that the technology part of it is really
the most difficult. | think it’s more on the organization,
on how we choose to work together - that we leave
some of the old habits behind. And on the cultural side
of that, we rely more on the suppliers, that we open
up for the suppliers, that we give them the opportu-
nity. So, | think the softer side is more complex than the
technology.” (1.1)

Other informants agreed, indicating that the adopted technology
does not matter as long there is clear and efficient communication.
Here, organizational changes are more important than the available
technology. For these informants, whatever technology gets imple-
mented, its success will depend on how the implementation is carried
out and the willingness of the users to trust and adopt the technology.
If the users are forced to be in a system that they do not believe in
and trust, they will probably maintain their current working culture and
habits, bypassing the system altogether. One informant summarizes
this by saying that

“| take for granted that we are able to fix the technology,
because | think that’s sort of easy, in a way. The difficult part
is to get the operators on board, so it is not a one-company

effort and solution” (1.4).

Despite the need for fine-tuning a vision for the future, the opera-

torsrealized that the way offshore supply chain operations are handled

WILEY -2

Quotes from interview informants

“The oil and gas industry has traditionally been very transactional
oriented. It has had a lot of suppliers and has changed suppliers,
always starting with blank sheets.” (1.7)

“(Culture is) the biggest challenge with everything (...) people
come from different companies, they have different views on
what’s right and what’s not. There’s no consensus on what'’s
right and what’s not, what’s best practice. They don’t trust each
other, and they don't share information.” (1.8)

“It has been more about bringing projects on stream and
producing oil and, so you can easily accept inefficiencies in the
chain.” (1.7)

“The biggest issues in today’s value chain is lack of visibility, it is
cognitive bias, because everyone has their way of seeingit. (...) |
think that the oil and gas business, they overengineer
everything, instead of thinking easy. A value chain in oil and gas
should and can be easy.” (1.8)

“It is a very traditional transactional based system, very able to say
fragmented, a lot of handovers. Not very well integrated, not all
very efficient.” (1.7)

“Itis like drawing a house. If you want to build another floor, you
need to change something within the foundation. And the
architecture has not really been well thought through.” (1.8)

is no longer sustainable and that it needs to change if it wants to over-
come the present and future challenges. During the interviews, the

informants summarized the need for transformation as follows:

“We need fundamentally a new way of working and, that
means we need to change our own organization, both in
terms of the boxology and how we structure the com-
pany but, more importantly, with what sort of mindset

we engage with our suppliers.” (1.1)

“The industry is coming to a “lose-lose” situation where
(...) the unit cost for the oil companies, it's going up
because the volume is going down, and this is a volume
business. The supply industry is losing money because
they are stuck in old business models. So, you have, in
some way, to break up this, and doing more of what we
did yesterday is not a recipe for doing that.” (1.6)

This is in line with the findings published in a report by DNV-GL?
based on surveys of oil and gas senior industry professionals and execu-
tives. The report surveyed more than 1000 professionals and its results
show that similar challenges, i.e., insufficient specialized software, too
many silos, and resistance to culture change, among others, are found
across the industry. Moreover, the report results show that digitization
is perceived as important in the industry but that it is still not really
focused on the back office despite all the acknowledged problems. Sim-
ilar results are presented by KonKraft (2018, 2020), a collaboration
arena for the Norwegian Oil and Gas Industry, Energy, Shipowners

and Labor Associations that aims to maintain the competitiveness of
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TABLE 5 Summary of “TO-BE” related findings

Code Major desired aspects
Organization and * Collaboration between
culture operators and suppliers.

* New business models.

Operations * Higher level of information
handling sharing/less data protection.

* Autonomous or
semi-autonomous operational
handling - focus on exception
handling.

* Data-centered operations -
increased analytics and use of
data to support decisions.

* Ahub for sharing data and
resources.

Technology related  * Defined IT architecture,
software ecosystem and
information flow.

* Next-gen software and
applications: modular and
ready for interoperability.

* Next-gen technology:
digital-twins, blockchain and
modern analytics tools (i.e.
Machine Learning).

Quotes from interview informants

“I think a couple of things need to happen. We need to have a longer-term contract with
fewer members. Because otherwise these members will not invest in their relationship,
necessary technology, and organization to do that. We need to become better at planning.
That is partly a dual question, but it’s mostly an organization and a culture wash.” (1.2)

“One thing is the culture, but it is also the correct leaders that understand what we are
solving. We also need to understand the big picture and why we want this. People are
different.” (1.8)

“We want to create an efficient value chain. We know that we are, in a way, the driver of the
value chain (...) our ability to have, in a way, full overview of the activities in our value
chain. That is extremely important in order for us to make sure that towards the end we
are able to plan, we're able to execute activities according to plan, and we need
information from the whole value chain.” (1.1)

“The expectation is that if we could have one base, and all the users of one base could use it,
meaning the vendors, the transport, the operators... And you could share, both make it
easy for the base also to handle. Instead of several systems, one system for each operator.
They could also see all the cargo, for all the operators at one day, and not separately. So
that would be very good.” (1.3)

“I am really into the lean part of it (operations) because that’s one of the challenges today.
(...) we lack the data to identify real improvement potentials, as just-in-time, making sure
we do not have stranded inventory, etc.” (1.4)

“The vision is that we will have a digital twin, all our assets on the twin will by itself, in a way,
alarm the system that will say “now/how | need a spare part” and it will initiate the work
orders, it will send forecasts, work orders, etc. Initiate an order for procuring an item, and
the item will be on the platform in front of the operator together with this work or
documentation instructions, etc. At the time it is needed, in a way. And this will be, in a way,
done by the system more or less, a hundred percent itself.” (1.7)

“(...) So with a smart contract and a blockchain type of framework, you are actually doing
instantaneous payments. Because now you have got this certificate that says that this item
has been delivered and when it’s being shipped. You can actually create the mid-layer that
allows data access without having to care about the specific data system in each vendor.
So, you actually have potential to change quite a lot in the industry, both from an
infrastructure perspective, from a commercial perspective, and from a routine autonomy
type of perspective.” (1.2)

“Itis necessary to disrupt. You cannot just do, kind of, these incremental improvements. You
have to look for disruptive technology, disruptive thinking.” (1.6)

the Norwegian Continental Shelf. Through this consolidated entity, the
industry as a whole recognizes that cooperation within its network
needs to become more strategic by streamlining plans and sharing
information through better integration within and across the systems
to gain visibility and flexibility and improve efficiency. An Operator
participant has expressed the ultimate “TO-BE” state as follows:

“So, we have a strategy which is quite ambitious. (...)
the biggest challenge is (...) how do we go about it?
Changing the culture, changing our behaviors, opening
up, sharing data, and generally creating buy-in from the
industry. Because we are heavily dependent not only
on our suppliers but also on our peers, which are the
other operators. So, when we are an operator, we don'’t
own the license alone, we own it together with other
operators. So, everything we do, at least at a strategic
level and a material level, we have to have buy-in and
acceptance from our peers. So that is one challenge. The

other challenge is (...) collaboration, and opening up,

and being transparent and visible... We should not be
naive; we need to make sure that we actually generate
value and realize that value in our business, so we are
not doing this just for the fun of it, but we do it with a
very clear business perspective”. (1.4)

The major aspects of the “TO-BE” system state identified from the
workshops and interviews in cycle 2 are summarized by code set with
quotes and presented in Table 5. Figure 7 presents a systemigram
to visualize how stakeholders are envisioned to work together and
exchange information.

The process to achieve the desired “TO-BE” system state has already
started in the Operator firm through several rounds of investment
allocated to reviewing processes and the development and implemen-
tation of tools to address the identified inefficiencies. However, a great
deal of work is still needed to reach the desired “TO-BE” state. Yet
uncertainties arise when informants are questioned about whether
this end state can be reached, and more importantly, in a timely and

cost-efficient manner. The lack of general agreement on basic concepts,
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such as data vs. software, represents a bottleneck to the success of

any improvement or transformation. Therefore, the results presented

in this study show that the “AS-1S” is no longer sustainable and the “TO-

BE” is somewhat utopic due to the lack of common understanding of

what the “TO-BE” means to all the parties involved. At this point in the
progression toward a digital transformation, a more holistic approach .
is necessary instead of implementing scattered improvements to trans-

form operations, and at the same time, to close the knowledge gap and
update the skills of the people involved is a key factor for success.t°

4.3 | Implications .
The effort needed in order to recognize the full value of the “TO-
BE” model represents a digital transformation in the “back office”
and strengthening its interactions with the “front office”. This study
suggests preliminary areas that must be addressed so that this trans-

formation can take place. .

* Communication and interoperability: The operational silos in which

work is conducted and software silos must be dissolved so that

communication among business units, processes, software, and
stakeholders can be optimized and automated. It is necessary to
focus on the notion of the exchange of machine-understandable data
so that the manual processes can be automated, and communication
improved.

Infrastructure investment: There is a pressing need for replacing
monolithic software with more modern tools adequate for the gen-
eral needs of interoperability and communication. Modern tools
with standard APIs (Application Programming Interface) for data
exchange and easily configurable data models are key for achieving
interoperability.

Data vs. software: there is a general confusion regarding soft-
ware and data, denoting a reliance on the software used in daily
operations, instead of a focus on the data needed to execute the
transactions. This misconception needs to be addressed before
monolithic software can be replaced with more modern tools, and
data can be mapped for this purpose.

Knowledge and skills gap: Changing software, tools, data usage and
communication rely on people with the right competency and skill
to do so, and then personnel with the skills to work in the upgraded

environment. While the technical aspects of this change can be
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addressed by hiring specialized companies to develop and imple-
ment tools, people in the organization are the key for accurately
defining business requirements and how/which processes must be
addressed and changed, if needed. Without addressing the level
of skill necessary to understand and execute these tasks effec-
tively (e.g., through training), most development and implementation
efforts are likely to fail.

¢ Organization and culture: Having the right people to perform
the right tasks during development and implementation is depen-
dent on reorganizing the available human resources to perform
the tasks to be executed, or possibly going to the market to
find the right resources with the right competency. Also, suc-
cessfully adopting new software/tools and new ways of working
means that people must be open to change and to embrace
the transition. A strong resistance may jeopardize the whole

transformation.

5 | CONCLUSION

This study explored the oil and gas supply chain operations in the con-
text of the offshore drilling activities, examined through the lenses
of soft systems methods grounded in an action research project for
an E&P operator on the NCS. To examine the supply chain opera-
tions and its inefficiencies, this study applied systems thinking methods
to identify and schematically present the current system structure
(“AS-1S") as well as the desired (“TO-BE”) system state. The results of
this research show that the current supply chain operations are frag-
mented into silos within and across the organization. Critical supply
chain information exchange relies on manual work to overcome the
lack of interoperability in the IT support platform, which may be due to
the current overengineered processes and monolithic software in the
operational setup. This ineffective arrangement presents challenges
and constraints that hinder supply chain efficiency and addressing
them is a necessity for any enhancement in effectiveness or efficiency
for the Operator. Although the Operator has been adopting technology
at a faster pace than previously, the focus has been on drilling produc-
tivity and drilling efficiency and decision-making has not been based
necessarily on a systemic approach. As a result, supply chain operations
rely on manual interventions and are an expensive overhead burden on
the profitability of the firm.

The results indicate that the Operator understands the severity
of the limitations of its supply chain operations and has a vision for
a desired end-state. However, the initiatives have been hindered by
the sheer magnitude of effecting a big-bang digital transformation,
and the knowledge and skills gap of the organizational stakeholders.
These implications show that without addressing these disproportion-
ate interactions, the organization and the industry are likely to fail
in removing its supply chain inefficiencies and achieving a return of
investment from the small initiatives already started.

This paper presented preliminary work that continued with
an additional (third) research cycle, and results are provided in

two papers.3%¢2 The combination of all cycles, their results and

insights are available in a recently published in doctoral thesis
available in.®®
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