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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. Theobjective 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 amajor 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

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.1,2 Off-

shoredrillingplatforms in theopen seaextract fossil fuel resources that

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 nomodifications or adaptations aremade.

© 2022 The Authors. Systems Engineering published byWiley Periodicals LLC.

contribute to the supplyof energyandpetroleumderivateproducts.2–4

Stopford5 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

Systems Engineering. 2022;1–16. wileyonlinelibrary.com/journal/sys 1
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2 CZACHOROWSKI ET AL.

processing.6 The upstream activities are executed by the Exploration

and Production (E&P) companies that appraise and search for the oil

andgas resources,which thenare extracted, refined, anddistributedby

the companies downstream.7 In upstream companies, the operations

conducted offshore include the appraisal of potential reservoirs, their

exploration through well-drilling activities, and the operationalization

andmaintenanceof establishedplatformsandwells.2,3 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.3,8,9 Since 2015, however, a confluence of factors has caused

prices to plummet to new lows.10 Even though energy demand remains

high,11–13 there is higher pressure for industries and countries to tran-

sition from fossil fuels to cleaner formsof energy,7,11,14 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 201613,15

and dramatic decreases in demand, directly result in lower oil price,

such as experienced during the pandemic in 2020.14,16 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.9,13,17 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,18 the offshore oil and gas industry has a disadvantage in rela-

tion to its competitors.Offshoreoperational costs arehigher thanmost

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 energymarket.19

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.9,15,17 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.20–22 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.9,17,20,23,24

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.19 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.25–27 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.3 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.2,7,11

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
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CZACHOROWSKI ET AL. 3

F IGURE 1 Overview of oil and gas industry’s value chain28

F IGURE 2 Supply chain operations in the context of offshore drilling activities30

executed and managed.2,3,21 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.2,7,29 Figure 2 illustrates in more details the upstream supply

chain operations that support the upstreamoffshore 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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4 CZACHOROWSKI ET AL.

Operations Reference (SCOR) developed by the Supply Chain Council

(SCC) in 1996.25,27,31 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 SCORand similarmodels are focused onpro-

duction and consumer supply chains without consideration of flexible,

lean, and agile strategies.34 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-

ognizedmodel in literature that addresses this industry holistically.6,35

Ahmad et al. (2017) offer a framework to address this gap, but within

a sustainability context. Raut et al.36 andGardas et al.37 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 suitablemodels, but to provide amore effectiveway to examine

the oil and gas supply chain.

Rebs et al.38 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.39 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 theOper-

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.40–42 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.41–43 Since the initiation of AR with a

proposal by Lewin44 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.42 Action research employs soft

systems methods,41,45 which are ideal to examine the supply chain

under consideration in this study rather thanadopting andadapting 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 accommodationsbetween stakeholders to agree themost desirable

and feasible way forward.46,47 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 theory48,49 that allows recognizing and understand-

ing relationships, cause and effect, connections, interdependencies

and feedback to describe systemic behavior and assist solving com-

plex problems.49–51 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.51–53

Tools available from systems science help us to explain and rep-

resent our observations both temporally and spatially.54 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.51,52 A

systemigram supports describing complex systems’ construction and

functionality51,55,56 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.

3.2.1 Cycle 1

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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CZACHOROWSKI ET AL. 5

F IGURE 3 Scheme of action research cycles, stages, and tasks (based on42)

F IGURE 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,57

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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6 CZACHOROWSKI ET AL.

TABLE 1 Cycle 1 – Detailed data collection and validation activities (data analysis and documentation excluded)

Cycle phase Year Quarter Number of workshops Interviews Interviewee’s category (see Table 2)

Plan 2018 Q2 15 – –

Act 2018 Q3 26 – –

Act 2018 Q4 47 8 DecisionMakers, Internal Stakeholders and EndUser

Act 2019 Q1 43 1 External Stakeholders

Observe 2019 Q4 12 – –

TOTAL 143 9

TABLE 2 Informants profile – Interviews

Category Type of Role Informant ID

Internal Stakeholder Supply Chain Operations I.1

Internal Stakeholder General operations I.6

Internal Stakeholder Logistics operations I.8

DecisionMaker General operations I.2

DecisionMaker Supply Chain Operations I.4

DecisionMaker Logistics operations I.5

DecisionMaker General operations I.7

End User Supply Chain Operations I.3

External Stakeholder Logistics operations I.9

(e.g., DNV, KonKraft, Gartner, Capgemini). The findings from the lit-

erature review are summarized in the background section of this

article.

Cycle 1Workshops

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

first interview to improve the flow. The interviews had twomain 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 samedata

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) decisionmakers – per-

sons authorized tomake any decision over the supply chain operations;

(b) internal stakeholders – supply chain and logistics personnelworking

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.58 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

coding57 through Nvivo software, adopting a predefined code set,

namely, (1) organization and culture; (2) operations handling; and (3)

technology related aspects.59 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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CZACHOROWSKI ET AL. 7

F IGURE 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. ofWorkshops

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 coordinationwere excluded as they are not part of the study’s

scope.

3.2.2 Cycle 2

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 andanalyzedata (Plan andAct), 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 2Workshops

Theworkshops for cycle 2were conducted in the formofmeetingswith

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 theMiro 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-IS” 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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8 CZACHOROWSKI ET AL.

elsewhere, are not meant to portray a generalized set of practices or

activities for the industry.

4 RESULTS AND IMPLICATIONS

4.1 “AS-IS” – capturing the current state

The results fromthe first cycleof this study indicate that theOperator’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, andmanagement of logistics operations hasmany speci-

ficities that require extra resources. The workshops conducted in the

first cycle gathered the perspectives frommanydifferent stakeholders.

The participants actively utilized the whiteboards available to visually

identify themany 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 companiesmustwork 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 ofmarine 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-IS” 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 nodeswithwider borders represent a different system-of-interest

(SoI), 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 SoI.

All interactions shown in the “AS-IS” 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

interferencesmade during the execution of the supply chain processes.

At the same time, data is not always retrieved from the sourcewhere it

was generated,which involves ahigh-maintenanceprocess 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 tomaintain data updated and correct.

The workshops revealed that information exchange is a major bar-

rier to operations efficiency, and that this is due to twomain 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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CZACHOROWSKI ET AL. 9

F IGURE 6 Documented and validated “AS-IS” 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” (I.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 (. . . ) I 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 thesemore challenging questions” (I.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-

izedmaster 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” (I.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” (I.2). The consequences of the documented processes are

sub-effective, risky, andexpensive 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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10 CZACHOROWSKI ET AL.

“. . . 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” (I.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” (I.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 toomuchmoney.” (I.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? I 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.” (I.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.” (I.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 cyclewere 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 inmind that this is their perceptionof 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 andworkshop 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 themost 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 howandwhy todo this varies a lot.Many informants thinkof 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 organizationmade trainingmaterials 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.60 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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CZACHOROWSKI ET AL. 11

TABLE 4 Summary of “AS-IS” related findings

Code Major issues and inefficiencies Quotes from interview informants

Organization and

culture

∙ “Silo-working” mentality/protection.
∙ Transactional orientation vs. partnerships

(many suppliers vs. a few strategic ones).
∙ Lack of consensus.
∙ Lack of information sharing, visibility, and

collaboration.

“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.” (I.7)

“(Culture is) the biggest challengewith everything (. . . ) people

come from different companies, they have different views on

what’s right andwhat’s not. There’s no consensus onwhat’s

right andwhat’s not, what’s best practice. They don’t trust each

other, and they don’t share information.” (I.8)

Operations handling ∙ Over-engineered processes.
∙ Slow and fragmented decision

making/sharing.
∙ Operational bias/different ways of working.

“It has beenmore about bringing projects on stream and

producing oil and, so you can easily accept inefficiencies in the

chain.” (I.7)

“The biggest issues in today’s value chain is lack of visibility, it is

cognitive bias, because everyone has their way of seeing it. (. . . ) I

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.” (I.8)

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.

“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.” (I.7)

“It is like drawing a house. If youwant to build another floor, you

need to change something within the foundation. And the

architecture has not really beenwell thought through.” (I.8)

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

happen in the organization and industry.61 As one informant puts it:

“I’mnot really sure that the technology part of it is really

the most difficult. I 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, I think the softer side is more complex than the

technology.” (I.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, theywill probablymaintain their currentworking culture and

habits, bypassing the system altogether. One informant summarizes

this by saying that

“I take for granted that we are able to fix the technology,

because I think that’s sort of easy, in away. The difficult part

is to get the operators on board, so it is not a one-company

effort and solution” (I.4).

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

tors realized that thewayoffshore supply chain operations are handled

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:

“Weneed fundamentally anewwayofworkingand, that

meanswe 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.” (I.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.” (I.6)

This is in line with the findings published in a report by DNV-GL19

basedon surveys of oil and gas senior industry professionals andexecu-

tives. The report surveyedmore than1000professionals 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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12 CZACHOROWSKI ET AL.

TABLE 5 Summary of “TO-BE” related findings

Code Major desired aspects Quotes from interview informants

Organization and

culture

∙ Collaboration between

operators and suppliers.
∙ New business models.

“I think a couple of things need to happen.We need to have a longer-term contract with

fewermembers. Because otherwise thesemembers 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.” (I.2)

“One thing is the culture, but it is also the correct leaders that understandwhat we are

solving.We also need to understand the big picture andwhywewant this. People are

different.” (I.8)

Operations

handling

∙ Higher level of information

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.
∙ A hub for sharing data and

resources.

“Wewant 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 tomake sure that towards the endwe

are able to plan, we’re able to execute activities according to plan, andwe need

information from thewhole value chain.” (I.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, bothmake 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.” (I.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.” (I.4)

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).

“The vision is that wewill have a digital twin, all our assets on the twin will by itself, in a way,

alarm the system that will say “now/how I 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 itemwill 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 systemmore or less, a hundred percent itself.” (I.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 andwhen it’s being shipped. You can actually create themid-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.” (I.2)

“It is necessary to disrupt. You cannot just do, kind of, these incremental improvements. You

have to look for disruptive technology, disruptive thinking.” (I.6)

theNorwegian 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 fromour 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”. (I.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.

Theprocess toachieve thedesired “TO-BE” systemstatehas 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-efficientmanner. The lackof general agreementonbasic concepts,
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CZACHOROWSKI ET AL. 13

F IGURE 7 Desired “TO-BE” systemigram for drilling operations supply chain

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-IS” 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.60

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

focuson thenotionof theexchangeofmachine-understandable data

so that themanual 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 bemapped 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 thinkingmethods

to identify and schematically present the current system structure

(“AS-IS”) 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, whichmay 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 theOperator. Although theOperator 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 onmanual 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.30,62 The combination of all cycles, their results and

insights are available in a recently published in doctoral thesis

available in.63

ACKNOWLEDGMENTS

This research was funded by the industrial PhD funding by the

Norwegian Research Council and Aker BP, grant number 291198

CONFLICTS OF INTEREST

The authors declare no conflicts of interest. The funders had no role in

the design of the study; in the collection, analyses, or interpretation of

data; in the writing of the manuscript, or in the decision to publish the

results.

DATA AVAILABILITY STATEMENT

Data sharing is not applicable to this article, as no datasets were

generated or analyzed during the current study.

ORCID

KarenV.Czachorowski https://orcid.org/0000-0003-4984-272X

CeciliaHaskins https://orcid.org/0000-0002-2506-8808

MoMansouri https://orcid.org/0000-0003-4517-7830

REFERENCES

1. Rodrigue J-P.TheGeography of Transport Systems. 5th. Routledge; 2020.
2. Inkpen AC, Moffett MH. The Global Oil & Gas Industry: Management,

Strategy & Finance. PennWell Books. 2011.

3. Jacoby D. Optimal Supply Chain Management in Oil, Gas, and Power
Generation. PennWell Corporation; 2012.

4. van Dokkum K, Ship Knowledge. A modern encylopedia. Dokmar.

2003.

5. Stopford M. Maritime Economics. 3 ed. Routledge; 2009. https://doi.

org/10.4324/9780203891742

6. AhmadNKW,deBritoMP,Rezaei J, Tavasszy LA.An integrative frame-

work for sustainable supply chainmanagement practices in the oil and

gas industry. J Environ Plan Manag. 2017;60(4):577-601. https://doi.
org/10.1080/09640568.2016.1178105

7. IPIECA IOGP, Environmental management in the upstream oil and gas

industry. https://www.iogp.org/bookstore/product/environmental-

management-in-the-upstream-oil-and-gas-industry/ Published 2020

8. Sasson A, Blomgren A, Knowledge Based Oil and Gas Industry. Oslo;

2011.

9. Forbes-Cable M, LiuW, Digital disruption: upstream supply chain threats
and opportunities. Wood Mackenzie. https://www.woodmac.com/

reports/upstream-oil-and-gas-digital-disruption-upstream-supply-

chain-threats-and-opportunities-310260/ Published 2019.

10. Forbes McCainB, The Facts Behind Oil’s Price Collapse. Forbes.com.

Published 2015. Accessed February 2, 2021.https://www.forbes.

com/sites/brucemccain/2015/02/09/the-facts-behind-oils-price-

collapse/?sh=54aaa73b41e1

11. KonKraft. The Energy Industry of Tomorrow on the Norwegian Conti-

nental Shelf: Climate Strategy towards 2030 and 2050.; 2020.

12. International Energy Agency - IEA. The Oil and Gas Industry in

Energy Transitions: Insights from IEA Analysis.; 2020. https://doi.org/

10.1787/aef89fbd-en

13. DNV GL Energy. Energy Transition Outlook 2020 - A Global

and Regional Forecast to 2050.; 2020. https://doi.org/10.2307/j.

ctv7xbrmk.21

14. DNV GL, Energy Transition Outlook 2020 - Power Supply and Use.;

2020.

 15206858, 0, D
ow

nloaded from
 https://incose.onlinelibrary.w

iley.com
/doi/10.1002/sys.21652 by H

O
G

SK
O

L
E

N
 I SO

R
O

ST
-N

O
R

G
E

 B
iblioteket V

estfold, W
iley O

nline L
ibrary on [12/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0003-4984-272X
https://orcid.org/0000-0003-4984-272X
https://orcid.org/0000-0002-2506-8808
https://orcid.org/0000-0002-2506-8808
https://orcid.org/0000-0003-4517-7830
https://orcid.org/0000-0003-4517-7830
https://doi.org/10.4324/9780203891742
https://doi.org/10.4324/9780203891742
https://doi.org/10.1080/09640568.2016.1178105
https://doi.org/10.1080/09640568.2016.1178105
https://www.iogp.org/bookstore/product/environmental-management-in-the-upstream-oil-and-gas-industry/
https://www.iogp.org/bookstore/product/environmental-management-in-the-upstream-oil-and-gas-industry/
https://www.woodmac.com/reports/upstream-oil-and-gas-digital-disruption-upstream-supply-chain-threats-and-opportunities-310260/
https://www.woodmac.com/reports/upstream-oil-and-gas-digital-disruption-upstream-supply-chain-threats-and-opportunities-310260/
https://www.woodmac.com/reports/upstream-oil-and-gas-digital-disruption-upstream-supply-chain-threats-and-opportunities-310260/
https://www.forbes.com/sites/brucemccain/2015/02/09/the-facts-behind-oils-price-collapse/?sh=54aaa73b41e1
https://www.forbes.com/sites/brucemccain/2015/02/09/the-facts-behind-oils-price-collapse/?sh=54aaa73b41e1
https://www.forbes.com/sites/brucemccain/2015/02/09/the-facts-behind-oils-price-collapse/?sh=54aaa73b41e1
https://doi.org/10.1787/aef89fbd-en
https://doi.org/10.1787/aef89fbd-en
https://doi.org/10.2307/j.ctv7xbrmk.21
https://doi.org/10.2307/j.ctv7xbrmk.21


CZACHOROWSKI ET AL. 15

15. Hassani H, Silva ES, Al Kaabi AM. The role of innovation and

technology in sustaining the petroleum and petrochemical industry.

Technol Forecast Soc Change. 2017;119:1-17. https://doi.org/10.1016/
j.techfore.2017.03.003

16. Offshore Energy Today. Norway: 10 exploration wells put on hold as

low oil prices and coronavirus bite. Offshore Energy Today. Published

2020. Accessed April 12, 2020. https://www.offshore-energy.biz/

norway-10-exploration-wells-put-on-hold-as-low-oil-prices-and-

coronavirus-bite/?utm_source=offshoreenergytoday&utm_medium=

email&utm_campaign=newsletter_2020-04-10

17. KonKraft. Project “Competitiveness – Changing Tide on the Norwe-

gian Continental Shelf.”; 2018.
18. Offshore Energy Today. The world to run out of oil supply to meet

demand unless exploration speeds up, Rystad reports -. Offshore

Energy Today. Published 2020. Accessed December 11, 2020. https://

www.offshore-energy.biz/the-world-to-run-out-of-oil-supply-to-

meet-demand-unless-exploration-speeds-up-rystad-reports/?utm_

source=offshoreenergytoday&utm_medium=email&utm_campaign=

newsletter_2020-12-11

19. DNVGL, Turmoil and Transformation. 2021.

20. World Economic Forum, Accenture. Digital Transformation Ini-

tiative - Oil and Gas Industry. http://reports.weforum.org/digital-

transformation Published 2017

21. AlbjerkNB,Danielsen TK, Krey S. Operational planning and disruption

management in offshore logistics. Ind Econ Technol Manag. 2015.
22. Gausdal AH, Czachorowski KV, Solesvik MZ. Applying Blockchain

technology: evidence from Norwegian companies. Sustain.
2018;10(6):1-16. https://doi.org/10.3390/su10061985

23. EYGlobal.Why it’s time to invest in digital oil. https://www.ey.com/en_

ae/oil-gas/why-it-s-time-to-invest-in-digital-oil Published 2019.

24. Santamarta S, Singh R, Forbes P.How digital will transform the upstream
oil ecosystem. Boston Consulting Group; 2017.

25. Cooper MC, Lambert DM, Pagh JD. Supply chain management: more

than a new name for logistics. Int J Logist Manag. 1997;8(1):1-14.
https://doi.org/10.1108/09574099710805556

26. Mentzer JT, DeWitt W, Keebler JS, et al. Defining supply chain

management. J Bus Logist. 2001;22(2):1-25. https://doi.org/10.1002/j.
2158-1592.2001.tb00001.x

27. Lambert DM, Cooper MC. Issues in supply chain management.

Ind Mark Manag Elsevier Sci. 2000;29:65-83. https://doi.org/10.1017/
UPO9788175968462.008

28. Eland Cables. In Oil & Gas what is upstream and downstream? https://

www.elandcables.com/the-cable-lab/faqs/faq-what-are-upstream-

and-downstream-works-in-the-oil-gas-industry Published 2022

29. Aas B, Halskau ØS, Wallace SW. The role of supply vessels in off-

shore logistics.Marit Econ Logist. 2009;11(3):302-325. https://doi.org/
10.1057/mel.2009.7

30. Czachorowski KV. Cleaning up our act: systems engineering to pro-

mote business model innovation for the offshore exploration and

production supply chain operations. Sustainability. 2021;13(4). https://
doi.org/10.3390/su13042113

31. Harmon P,WRLC EBSCO E-books, & Safari Books Online (Firm). Busi-

ness process change a guide for business managers and BPM and six

sigma professionals. Business Process Change (pp. xli, 549 p.). 2007.

Retrieved from http://mutex.gmu.edu/login?url=http://proquest.

safaribooksonline.com/?uiCode=gmu&xmlId=9780080553672

32. Huan SH, Sheoran SK, Wan G. A review and analysis of sup-

ply chain operations reference (SCOR) model. Supply Chain Manag.
2004;9(1):23-29. https://doi.org/10.1108/13598540410517557

33. Kilponen G. Energy, Oil and Gas Industry Update: SCOR for Energy.

Paper Presented at Forum for Benchmarking and Practices, May 21.
2010. Retrieved from https://pdfslide.us/documents/energy-oil-gas-

industry-update-scor-for-energy-oil-gas-forum-for-benchmarking-

and-practices-gary-kilponen-scc-director-treasurer-may-21-

2010.html

34. Lima-Junior FR, Carpinetti LCR. Quantitative models for supply

chain performance evaluation: a literature review. Comput. Ind. Eng.
2017(113):333-346.

35. Alhosani A, Zabri SM, Aljaberi F, Almansoori A. Supply chain manage-

ment concepts applied in the oil & gas industry - A review of literature.

Int J Supply ChainManag. 2019;8(1):150-161.
36. Raut RD, Narkhede B, Gardas BB. To identify the critical success

factors of sustainable supply chain management practices in the con-

text of oil and gas industries: iSM approach. Renew Sustain Energy
Rev. 2017;68(September 2016):33-47. https://doi.org/10.1016/j.rser.

2016.09.067

37. Gardas BB, Raut RD, Narkhede B, Determinants of sustainable sup-

ply chain management: a case study from the oil and gas supply chain.

Sustain Prod Consum. 2019;17:241-253. https://doi.org/10.1016/j.spc.
2018.11.005

38. Rebs T, BrandenburgM, Seuring S. System dynamicsmodeling for sus-

tainable supply chain management: a literature review and systems

thinking approach. J Clean Prod. 2019(208):1265-1280.
39. Fabbe-Costes N, Roussat C, Colin J. Future sustainable supply chains:

what should companies scan? Int J Phys Distrib Logist Manag. 2011.
40. Shani AB(Rami, Coghlan D. Action research in business and manage-

ment: a reflective review. Action Res. 2019. https://doi.org/10.1177/
1476750319852147

41. Baskerville RL, Wood-Harper AT. A critical perspective on action

research as a method for information systems research. Enacting Res
Methods Inf Syst Vol 2. 2016;2:169-190. https://doi.org/10.1007/978-
3-319-29269-4_7

42. Kemmis S, McTaggart R, Nixon R. The Action Research Planner. 3rd ed..

Springer Singapore; 2014. https://doi.org/10.1007/978-981-4560-

67-2

43. SusmanGI. In:Morgan EG, ed.Action Research: A Sociotechnical Systems
Perspective. Sage Publications; 1983.

44. Lewin K. Action research and minority problems. J Soc Issues.
1946;2(4):34-46. https://doi.org/10.1111/j.1540-4560.1946.

tb02295.x

45. Levin M. Action research and critical systems thinking: two icons

carved out of the same log? Syst Pract. 1994;7(1):25-41. https://doi.
org/10.1007/BF02169163

46. Checkland P, Poulter J. In: Reynolds M, Holwell S, eds. Systems
Approaches to Managing Change: A Practical Guide. Springer London;
2010. https://doi.org/10.1007/978-1-84882-809-4

47. Mingers J, White L. A review of the recent contribution of systems

thinking to operational research and management science. Eur J Oper
Res. 2010;207(3):1147-1161. https://doi.org/10.1016/j.ejor.2009.12.
019

48. Checkland P. Systems theory andmanagement thinking: management

and organization. Am. Behav. Sci. 1994;38(1):75-91.
49. Gharajedaghi J. Systems thinking: Managing chaos and complexity:

A platform for designing business architecture. 2011. (pp. 1-351).

Elsevier. https://doi.org/10.1016/C2010-0-66301-2

50. Meadows DH, Wright D. Thinking in Systems: A Primer. Chelsea Green
Pub. 2008.

51. Checkland P. From Optimizing to Learning: a Development of Sys-

tems Thinking for the 1990s. J. Oper. Res. Soc. 1985;36(9):757-
767.

52. Boardman Sauser. Systemic Thinking. JohnWiley & Sons, Inc.; 2013.

53. Boardman. A process model for unifying systems engineering and

project management. EngManag J. 1994;(February):25-35.
54. Falk K, Kamara AK, Brathen EP, Helle K, Moe PT, Kokkula S. Digitizing

the maintenance documentation. SYSOSE. 2020:493-500. https://doi.
org/10.1109/SoSE50414.2020.9130515

55. Mehler J, McGee S, Edson R, Leveraging Systemigrams for Concep-

tual Analysis of Complex Systems: application to the US National

Security System. In: 8th Conference on Systems Engineering Research.
2010.

56. Squires A, Pyster A, Sauser B, et al. Applying systems thinking via Sys-

temigrams™ for defining the body of knowledge and curriculum to

advance systemsengineering (BKCASE) project.20thAnnu Int Symp Int
Counc Syst Eng INCOSE 2010. 2010;1:739-753.

57. Frankfort-Nachmias C. In: Nachmias D, ed. Research Methods in the
Social Sciences. 7th ed..Worth Publishers; 2008.

 15206858, 0, D
ow

nloaded from
 https://incose.onlinelibrary.w

iley.com
/doi/10.1002/sys.21652 by H

O
G

SK
O

L
E

N
 I SO

R
O

ST
-N

O
R

G
E

 B
iblioteket V

estfold, W
iley O

nline L
ibrary on [12/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1016/j.techfore.2017.03.003
https://doi.org/10.1016/j.techfore.2017.03.003
https://www.offshore-energy.biz/norway-10-exploration-wells-put-on-hold-as-low-oil-prices-and-coronavirus-bite/?utm_source=offshoreenergytoday&utm_medium=email&utm_campaign=newsletter_2020-04-10
https://www.offshore-energy.biz/norway-10-exploration-wells-put-on-hold-as-low-oil-prices-and-coronavirus-bite/?utm_source=offshoreenergytoday&utm_medium=email&utm_campaign=newsletter_2020-04-10
https://www.offshore-energy.biz/norway-10-exploration-wells-put-on-hold-as-low-oil-prices-and-coronavirus-bite/?utm_source=offshoreenergytoday&utm_medium=email&utm_campaign=newsletter_2020-04-10
https://www.offshore-energy.biz/norway-10-exploration-wells-put-on-hold-as-low-oil-prices-and-coronavirus-bite/?utm_source=offshoreenergytoday&utm_medium=email&utm_campaign=newsletter_2020-04-10
https://www.offshore-energy.biz/the-world-to-run-out-of-oil-supply-to-meet-demand-unless-exploration-speeds-up-rystad-reports/?utm_source=offshoreenergytoday&utm_medium=email&utm_campaign=newsletter_2020-12-11
https://www.offshore-energy.biz/the-world-to-run-out-of-oil-supply-to-meet-demand-unless-exploration-speeds-up-rystad-reports/?utm_source=offshoreenergytoday&utm_medium=email&utm_campaign=newsletter_2020-12-11
https://www.offshore-energy.biz/the-world-to-run-out-of-oil-supply-to-meet-demand-unless-exploration-speeds-up-rystad-reports/?utm_source=offshoreenergytoday&utm_medium=email&utm_campaign=newsletter_2020-12-11
https://www.offshore-energy.biz/the-world-to-run-out-of-oil-supply-to-meet-demand-unless-exploration-speeds-up-rystad-reports/?utm_source=offshoreenergytoday&utm_medium=email&utm_campaign=newsletter_2020-12-11
https://www.offshore-energy.biz/the-world-to-run-out-of-oil-supply-to-meet-demand-unless-exploration-speeds-up-rystad-reports/?utm_source=offshoreenergytoday&utm_medium=email&utm_campaign=newsletter_2020-12-11
http://reports.weforum.org/digital-transformation
http://reports.weforum.org/digital-transformation
https://doi.org/10.3390/su10061985
https://www.ey.com/en_ae/oil-gas/why-it-s-time-to-invest-in-digital-oil
https://www.ey.com/en_ae/oil-gas/why-it-s-time-to-invest-in-digital-oil
https://doi.org/10.1108/09574099710805556
https://doi.org/10.1002/j.2158-1592.2001.tb00001.x
https://doi.org/10.1002/j.2158-1592.2001.tb00001.x
https://doi.org/10.1017/UPO9788175968462.008
https://doi.org/10.1017/UPO9788175968462.008
https://www.elandcables.com/the-cable-lab/faqs/faq-what-are-upstream-and-downstream-works-in-the-oil-gas-industry
https://www.elandcables.com/the-cable-lab/faqs/faq-what-are-upstream-and-downstream-works-in-the-oil-gas-industry
https://www.elandcables.com/the-cable-lab/faqs/faq-what-are-upstream-and-downstream-works-in-the-oil-gas-industry
https://doi.org/10.1057/mel.2009.7
https://doi.org/10.1057/mel.2009.7
https://doi.org/10.3390/su13042113
https://doi.org/10.3390/su13042113
http://mutex.gmu.edu/login?url$=$http://proquest.safaribooksonline.com/?uiCode$=$gmu&xmlId$=$9780080553672
http://mutex.gmu.edu/login?url$=$http://proquest.safaribooksonline.com/?uiCode$=$gmu&xmlId$=$9780080553672
https://doi.org/10.1108/13598540410517557
https://pdfslide.us/documents/energy-oil-gas-industry-update-scor-for-energy-oil-gas-forum-for-benchmarking-and-practices-gary-kilponen-scc-director-treasurer-may-21-2010.html
https://pdfslide.us/documents/energy-oil-gas-industry-update-scor-for-energy-oil-gas-forum-for-benchmarking-and-practices-gary-kilponen-scc-director-treasurer-may-21-2010.html
https://pdfslide.us/documents/energy-oil-gas-industry-update-scor-for-energy-oil-gas-forum-for-benchmarking-and-practices-gary-kilponen-scc-director-treasurer-may-21-2010.html
https://pdfslide.us/documents/energy-oil-gas-industry-update-scor-for-energy-oil-gas-forum-for-benchmarking-and-practices-gary-kilponen-scc-director-treasurer-may-21-2010.html
https://doi.org/10.1016/j.rser.2016.09.067
https://doi.org/10.1016/j.rser.2016.09.067
https://doi.org/10.1016/j.spc.2018.11.005
https://doi.org/10.1016/j.spc.2018.11.005
https://doi.org/10.1177/1476750319852147
https://doi.org/10.1177/1476750319852147
https://doi.org/10.1007/978-3-319-29269-4_7
https://doi.org/10.1007/978-3-319-29269-4_7
https://doi.org/10.1007/978-981-4560-67-2
https://doi.org/10.1007/978-981-4560-67-2
https://doi.org/10.1111/j.1540-4560.1946.tb02295.x
https://doi.org/10.1111/j.1540-4560.1946.tb02295.x
https://doi.org/10.1007/BF02169163
https://doi.org/10.1007/BF02169163
https://doi.org/10.1007/978-1-84882-809-4
https://doi.org/10.1016/j.ejor.2009.12.019
https://doi.org/10.1016/j.ejor.2009.12.019
https://doi.org/10.1016/C2010-0-66301-2
https://doi.org/10.1109/SoSE50414.2020.9130515
https://doi.org/10.1109/SoSE50414.2020.9130515


16 CZACHOROWSKI ET AL.

58. Yin RK. Case Study Research : Design andMethods. 5th ed.. SAGE; 2014.
59. Chapter GlaserB. 7: grounded theory methodology. Introd Qual Res

Psychol. 2013:69-82. https://doi.org/10.1191/1478088706qp063oa
60. De la Boutetière H,Montagner A, Reich A. Unlocking success in digital

transformations.McKinsey&Company. 2018(October):1-14.

61. Bean R.Why is it so hard to become a data-driven company?Harv. Bus.
Rev. 2021.

62. Czachorowski K, Haskins C. Applying systems engineering to

roadmapping for digital transformation in the offshore explo-

ration and production supply chain operations. Syst Eng. 2021.

https://doi.org/10.1002/sys.21611

63. Czachorowski KV. Digital Transformation in the Offshore Oil and Gas
Exploration and Production supply chain operations. Published 2022.

Accessed August 23.University of South-Eastern Norway - USN

Open Archive. https://openarchive.usn.no/usn-xmlui/handle/11250/

2994521

AUTHOR BIOGRAPHIES

Karen V. Czachorowski is a Brazilian pro-

fessional living in Norway. She received

a BBA degree in Business Administra-

tion from Paraná Social Studies Foun-

dation/FESP institute, Curitiba, Brazil, in

2011, a MSc. degree in maritime manage-

ment from University of South-Eastern

Norway, Horten, Norway, in 2017, and an

industrial PhDdegree innautical operations atUniversity of South-

Eastern Norway, Horten, Norway. From 2008 to 2015, she held

several supply chain positions in different organizations, being the

lengthiest in the oil and gas industry. Since 2018, she has been

in different supply chain improvement and digital transformation

projects and currentlyworks as a digital and data productmanager

and as a supply chain transformation lead atAkerBP,Oslo,Norway.

Her main areas of interest and research are maritime and offshore

digital transformation, technology and systems, innovation, and

supply chain & logistics.

Cecilia Haskins is an American living and

retired in Norway as a mentor, volunteer,

and author. As an active volunteer she

has provided distinguished service to pro-

fessional societies and homeowner asso-

ciations. Her career includes 35-years as

a practicing systems engineer for which

she has been recognized as an INCOSE-

certified Expert Systems Engineering Professional. Cecilia spent

21 years in academia where she taught organizational and project

management, and systems engineering courses, and supervised

theses written at all levels of higher education. She is frequently

invited as a keynote speaker and journal guest editor.Her educa-

tional background includes a BSc in Chemistry from Chestnut Hill

College, an MBA from Wharton, University of Pennsylvania, and

a PhD from the Norwegian University of Science and Technology

(NTNU). She has emeritus status with both NTNU and USN. Her

research interests are eclectic but focused on the application of

systems thinking and systems engineering to assorted problem

domains, both social and technological.

Mo Mansouri received the B.Sc. degree in

industrial engineering from theUniversity

of Tehran, Tehran, Iran; theM.Sc. degree in

industrial engineering from Sharif Univer-

sity of Technology, Tehran; and the Ph.D.

degree fromTheGeorgeWashingtonUni-

versity, Washington, DC, USA. He is cur-

rently a Professor and a Director at the

School of Systems and Enterprises, Stevens Institute of Technol-

ogy, and a Visiting Professor at the University of South-Eastern

Norway. Prior to joining Stevens, he served on several interna-

tional development and nonprofit organizations as a research

fellow or consultant, working on strategic philanthropy and social

entrepreneurship for development programs. Dr. Mansouri’s cur-

rent research focuses on developing governance frameworks for

effective policymaking and embedding resilience in complex net-

works and infrastructure systems.

How to cite this article: Czachorowski KV, Haskins C,

Mansouri M.Minding the gap between the front and back

offices: A systemic analysis of the offshore oil and gas

upstream supply chain for framing digital transformation.

Systems Engineering. 2022;1-16.

https://doi.org/10.1002/sys.21652

 15206858, 0, D
ow

nloaded from
 https://incose.onlinelibrary.w

iley.com
/doi/10.1002/sys.21652 by H

O
G

SK
O

L
E

N
 I SO

R
O

ST
-N

O
R

G
E

 B
iblioteket V

estfold, W
iley O

nline L
ibrary on [12/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.1002/sys.21611
https://openarchive.usn.no/usn-xmlui/handle/11250/2994521
https://openarchive.usn.no/usn-xmlui/handle/11250/2994521
https://doi.org/10.1002/sys.21652

	Minding the gap between the front and back offices: A systemic analysis of the offshore oil and gas upstream supply chain for framing digital transformation
	Abstract
	1 | INTRODUCTION
	2 | BACKGROUND
	3 | METHODS AND DATA
	3.1 | Overview
	3.2 | Study cycles and data collection
	3.2.1 | Cycle 1
	3.2.2 | Cycle 2
	3.2.3 | Validation


	4 | RESULTS AND IMPLICATIONS
	4.1 | “AS-IS” - capturing the current state
	4.2 | “TO-BE” - Documenting the desired state
	4.3 | Implications

	5 | CONCLUSION
	ACKNOWLEDGMENTS
	CONFLICTS OF INTEREST
	DATA AVAILABILITY STATEMENT

	ORCID
	REFERENCES
	AUTHOR BIOGRAPHIES


