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Part 1 Preface  
Overall considerations 

Prosjekt Norge runs two applied R&D projects within the energy sector, covering upstream 
oil & gas and renewables. 

The launch and development of the R&D initiatives happened early 2021. A series of ideas 
were introduced to potential partners, both operators and contractors. In addition, the 
ministry of energy & oil is present with a representative from the Oil & Gas department of 
OED.  

The screening process ended up with the following two (part) projects: 

Project No. 1.   
A performance driven and fully digitalized integrated project execution model & 
adaption/utilization of Industry 4.0 

Project No 2. 
Impact of digitalisation on project management processes and decision-making in 
Project development and execution 

The focus areas for both projects are related to the impact of digitalisation on project 
management and the management processes with associated decision making, project 
organising and project execution models, not on the technical work processes as such. 

The list of sponsors is as follows: 

• Operators; AkerBP, Equinor, Gassco, Lundin Energy and Vår Energi 
• Main Contractors; Aibel & Siemens Energy 

The launched and prioritized R&D projects are parts of the activities to the Prosjekt Norge 
advisory board for the industry segment Energy, fossil & renewables. 

The activities and development of the work has consisted of the following: 

• Initial surveys among BI alumni candidates in Executive Master of Management in 
Energy 

• Master theses at NTNU 
• Extensive literature reviews in the field on digitalization in the project environment, the 

potential for implementing Industry 4.0 principles in project planning and execution  
• Assessments and analyses of the facts and literature findings 

The scope of work for the two projects was adjusted in a meeting with sponsors 1st June 
2022, providing a direction change towards prioritization on long term impact of digitalization 
and Industry 4.0 on project performance, organization, roles, and impact on the decision 
making and the degree of autonomy on various decisions. A consequence of the focus on 
long term impact is that the inter-operability issues are addressed.   
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Overall Structure and format of publications and reports 

 The faculty group proposed that publications should be produced in the following order: 

A. A Practitioners Report (this report); Introductory consisting of an overall summary 
highlight report plus a series of scientific chapters linked to the respective work 
scopes 

B. A direct following-on scientific in-depth report with similar structure and format as in 
the Practitioners report; Overall summary highlights report plus in-depth scientific 
chapters. This report should build on the Practitioners report plus possible empirical 
data collected from ongoing projects among the sponsors. Planned due date Q1 2023  

C. Scientific publications: a series of scientific publications derived from the in-depth 
scientific chapters. Planned publication during 2023 

i. Publications at conferences 
ii. In selected journals 
iii. In professional media covering applied research.  

 Faculty 
The faculty on these R&D projects are: 

Name Tittle Speciality Profile 
Norwegian Business School BI 

Ralf Muller Professor Corporate & Project 
Governance 
PMO etc. 

International lead on 
Governance, IPMA & PMI  
2022 Research Awards 

Kim Oorschot  Professor modelling  
Simulations 
Product processes 
Innovation 

International reputation as 
analytical scientist product 
development 

Alfons Marrewijk  Professor Delft & 
professor II BI 

Data Sharing, Governance 
Construction Industry 

International reputation  
Professor Delft Univ. 
Construction industry 

Anne Live Vaagaasar Associate 
Professor   

Learning in project 
organisations   
Competence development 

Responsible Executive 
Master of Management 
program BI 

Jon Lereim Professor II Strategic management, 
Uncertainty, contracts & quality 
in projects 

Energy sector Associate 
Dean Executive Master of 
Energy (2016 – 2022) 

Norwegian Institute of Science & Technology NTNU 
Bjørn Andersen 
 

Professor Processes & project execution 
models 

Centre director Prosjekt 
Norge 

Ole Jonny Klakegg Professor Project governance & project 
execution models  
Organisation design 

International profile & 
researcher on the National 
Building Research   

Eilif Hjelseth Professor Digitalisation, machine learning 
& BIM modelling   construction 
Industry, VDC  

Close interaction with 
Construction industry 

Jan Alexander Langlo Associate 
professor 

Project management & 
stakeholder management 
Project Execution Models 

Energy Sector fossil & 
renewables 

University of Oslo 
David Cameron Centre 

Coordinator 
Digital Analytics, Information 
Process Management Systems 

Energy and industry sector 

 

Table of Content for the Practitioners Report   
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• Part 1: Preface 
• Part 2: Excerpts and Highlights from Scientific Chapters 

o Highlights and overall integration – an industry-oriented approach built on the 
corresponding scientific chapters 

• Part 3: Scientific chapters in Practitioners Report 
1. Project Execution Models in Industry 4.0, Kim Oorschot, Norwegian 

Business School BI 
2. Governance in Energy Projects Based on the Industry 4.0 Framework, 

Ralf Muller, Norwegian Business School BI 
3. Focus on Data Exchange and Sharing, Alfons Marrewijk, Norwegian 

Business School BI 
4. How to organise Energy Projects in Industry 4.0, Anne Live Vaagaasar, 

Norwegian Business School BI 
5. Organisational consequences of digitalisation, data management & 

integration, Ole Jonny Klakegg & Eilif Hjelseth, Norwegian Institute of 
Science & Technology NTNU 

6. Digital Twins in, of, and for Engineering Organisations: A Report on 
Present and Future Practice, David Cameron, SIRIUS Centre, Department 
of Informatics, University of Oslo 

The scientific chapters listed above are supporting both R&D projects, as there are cross 
references to them in both research projects. 

The authors of the respective chapters own exclusively the intellectual property rights to their 
own chapter.  

The Project Norge Centre director Bjørn Andersen is responsible for the internal review of 
the Practitioners report. 

 

Detailed Preface & Framework for Project No 1 

The R&D project labelled “A performance driven and fully digitalized integrated project 
execution model & adaption/utilization of Industry 4.0” is aiming at addressing further 
development and improvement of current project execution models in the energy industry 
through adapting and implementing of Industry 4.0 Principles in the project environment and 
context. The efforts are aiming at further utilisation of digital tools and methodologies such as 
AI, ML and AR in analyses, predictions and supporting more evidence-based decision 
making.   

The topics addressed for this part of the R&D initiative are in priority: 

1. Enable I4.0 Framework to achieve inter-operability in the industry 
a. Within the primary value chains 
b. Interoperability across partners involved 

2. Learning and competence; from data to competence to learning  
a. Data sharing and barriers 
b. Transformation towards a learning organization culture 

3. Organisation design & digital impact on governance 
a. Organisation structure 
b. Roles and role contents in a digitally based organisation  
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The overall hypothesis is that next generation project execution models may create 
significant efficiency & quality improvements when entering the I4.0 principles in the key 
processes in projects, both the management processes and work processes. 

The introductory literature survey in Journals and Conference Proceedings identified rather 
few publications on the matter of I4.0 applied in the project development and execution. The 
same impression is from the literature survey regarding application of AI & Machine learning 
in projects. 

These introductory surveys confirmed the need for doing further research within the areas 
identified of particular interest. 

The primary focus on the initiated research is on governance and management of projects, 
the associated processes, the project execution models, future organisation design and roles 
considering impact of Artificial Intelligence, Machine Learning as well as implementation of 
Industry 4.0 principles in the project environment.  

The launched applied research initiatives should contribute to “state of art” knowledge and 
understanding on these matters. The research work also includes Master students for 
generating connected topics in their respective theses.  

The ambitions and overall purpose of the R&D-initiative are to improve the project 
performance through use of the I4.0 principles in the project management processes and 
solutions to the extent possible, as well as assessments and identification of utilizing Artificial 
Intelligence and deep Machine Learning in the decision making within the project 
development and execution.  

The scope of work is developed, adjusted, and matured in interaction with the sponsors of 
the research projects, covering both long term and short-term perspectives. In that context, 
there are options for testing hypotheses in real life industry projects within the industry 
sponsors.  

 

Detailed Preface & Framework for Project No 2 

The Project No 2 labelled Impact of digitalisation on project management processes and 
decision-making in Project development and execution is aiming at addressing the impact of 
AI and digitalisation on Governance in projects and organisations.  

The topics addressed for this part of the R&D initiative are in priority: 

1. Governance in energy projects based on Industry 4.0 framework 
a. Establish mega and multi-layer governance in partnership and connected 

network 
2. Decision Gates considerations 

a. Data based and data driven decision making 
3. Organisational design & digital impact 

a. Shaping future project management processes  

Governance sets the framework on how to behave and act in organisations and in business, 
which is considered critical and fundamental in an ever more complex and unpredictable 
business and project environment.   
The entrance of application of Artificial Intelligence & Machine Learning in organisations and 
decision making may heavily impact how to achieve governance excellence under digitally 
run conditions.  
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Furthermore, moving into multi-layer and connected value networks adds complexity and 
need more thorough considerations on corporate and project governance. This part of the 
R&D project is an initial effort to address critical issues in that context.  
Governance sets the overall framework for decisions to be done in organisations and 
projects. 
Key questions are: 

• How does AI influence the way of making decisions and generating evidence-based 
decision support, both for repetitive and strategic one-off decisions? 

• How may AI improve the quality and value of decision making in multilayer structures 
and networks? 

• How may the entrance and use of AI impact the degree of autonomy? 
• How does AI impact the Decision Gate approval in current and future project 

execution models moving to a more data based, and data driven decision? 
• What is the likely corresponding impact on designing the project organisation in the 

effort of improving project performance? 
• How may AI and digitalisation impact the project management processes according 

to ISO 21500, on structural and cultural management processes? 
 
  
 
Desired effects of the Research outcomes from the R&D Projects  
 
The ambition and desired effects of the research outcomes is aiming at covering the 
following: 

• Make improved project execution models including life cycle considerations 
• Enhanced efficiency and productivity 
• Utilisation for the features available with digital tools and approaches and the 

fundamentals of I4.0 with higher degree of standardisation and autonomy in 
processes 

• Derivation and design of Project 4.0 Next Generation performance driven and digitally 
based Project execution Model 

• Contribute to enhanced Governance capability in mega and multilayer organisations 
and connected networks 

• Establish a guidance on improved project organisation design in light of benefits of 
digitalisation through utilising data sharing, AI and machine learning in connected 
interaction   

Supplementary effects of the research outcome: 
• Intensify the effort of improving higher education and learning through contribute to 

strengthening the faculty groups at the involved universities regarding topics and 
relevance of digitalisation in next generation project management and models 

• Contribute to education of new graduate students highly attractive for industry 
qualified in mastering the digital impact in project execution and operations. 
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Part 2 Excerpts and Highlights of Scientific Chapters 
 

Introduction 

The summary highlights are derived based on the following scientific chapters and formatted 
according to the revised and approved Scope of Work for both projects. The summary 
highlights are made for each of the R&D projects in this part of the report and linked to the 
respective Work Scopes. 

The detailed literature references are included in each of the scientific chapters, and the 
main references in the summary highlights are given to the respective chapters. However, 
some of the literature papers listed in the respective scientific chapters may also be referred 
to in this summary highlight. 

The content of the summary highlights is an extract & excerpt from the scientific chapters.  

The intention with the summary highlights in the Practitioners Report is that it should provide 
confident reflections and considerations for the development of the continuing Scientific Main 
Report and associated scientific chapters. It should also trigger the type and extent of 
empirical data collection necessary for generation of the Scientific Main report and 
associated chapters.  

The table below is a brief roadmap for illustrating links between the respective Work Scopes 
and the corresponding scientific chapters.  

 

Scientific Chapter SCh 
No 1 

SCh 
No 2 

SCh  
No 3 

SCh 
No 4 

SCh 
No 5 

Sch 
No 6 

 Oorschot Muller Marrewijk Vaagaasar Klakegg & 
Hjelseth 

Cameron 

Project No 1 
WS 1.1 Enable I4.0 & interoperability X X X  X X 
WS 1,2 Learning & competence X X X X   
WS 1.3 Organisational design  X X X X X 
       
Project No 2 
WS 2.1 Governance & I4.0 
framework 

X X  X X  
WS 2.2 Decision Gate 
considerations & digital twins 

X  X  X X 
WS 2.3 Organisational design & 
digital impact 

 X  X  X 
Table 1: Linking Work Scopes and Scientific Chapters   

Summary Highlights from Introductory Surveys 
An introductory mapping and survey were done in the fall of 2021 through a questionnaire 
sent to the following groups: 

• To the operators Aker BP, Equinor, Gassco and Lundin. 
• To graduates from the international Executive Master of Management in Energy at 

Norwegian Business School, BI. 
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The questionnaire consisted of questions to each of the research projects. It focused on two 
stages: 

A. Current practice 
B. Future potential 

There were in total 21 questions for Project No. 1 and in total 10 questions for project No. 2.  

The respondents were asked to make a score, if possible, with a category scale as follows: 

Scale score. 1: Marginally, 2. Insignificantly 3: To some extent, 4; Significantly,  
5; To a large extent, 6: Fully implemented and in use 

 
That gave the opportunity to make some indicative estimates of the maturity in the respective 
questions and contribute to prioritized focus in the further analyses and research work. 
The results of the survey are summarised in figures 1 and 2 below.  
 
In general, the results show a wide range in current practice among the participating 
graduates who are in typical middle manager positions or project directors’ positions in their 
companies worldwide.  
The span is from resistor to disruptor on digital maturity. Some are pioneers whereas others 
are very reluctant to the entrance of digitalization.  
75% of the respondents among the international graduates confirmed that a stage gate-
based project execution model was used in their project development and execution.  
The majority is limited to the project execution phases; however, some include the operation 
phase if requested.  
Technical Digital twins are applied only by some of the respondents. 
Less attention is paid on the impact of digitalization on managerial and organizational issues. 
The current project organisations have not fully grasped the impact of digitalisation in terms 
of organisation design, nor Impact on roles. 
However, they recognized a significant future potential of utilizing digitalization, impacting 
future project execution models as well as managing, organizing, associated project roles 
and on decision making.  More details on the questionnaires are listed in the Appendix 1.  
Among the statements from the respondents include the following: 

• AI will further support complex decision making based on pre-defined objectives and 
limits, and differentiate on the degree of autonomous decision making possible 

• Data can be used to inform specific condition assessments and predictive 
maintenance regimes which again will improve value creation 

Among the Norwegian operators, there is also a significant variation in perception of the 
digital maturity, as shown in figure 1 with the upper black bar for Norwegian Operators.  
They are moving on the journey towards a more digitalized operation in both the project 
development and in business operations. They particularly address that they are at explorer 
or beginner level regarding implementation of digitalization and as well as on industrial 
standardization according to Industry 4.0 and ISO 19650.  
They have to a limited degree utilized digital twins in the project phases.  
For project control matters, digitalisation will give a better basis for forecasting as real time 
data then could be available, and spending less time on non-value adding activities, such as 
moving data from one system to another, reporting etc.  
Furthermore, the impact of digitalization on project organizing and corresponding roles are 
not being assessed fully and needs more attention for liberation of the value potential of 
digitalisation.   
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The survey documented significantly lower scores on organizing, leadership, roles, and 
culture than on management control processes, work processes and support processes. See 
figure 2 on the traffic lights for project management processes relative work processes and 
support processes. 

In summary, the initial surveys among international graduates as well as among the 
Norwegian operators, provided valuable background facts and considerations in addition to 
the literature surveys made and summarised in the respective scientific chapters. 
The initial overall survey indicated prioritization on the following: 

• Focus on system level in a life cycle perspective for acceleration of digitalization in 
next generation project execution models 

• Further assessment of the impact of digitalization on project organizing & roles, 
competences & learning and integration among connected organisations  

• Impact of AI on decision making and the degree of autonomous decisions possible. 

These areas are assessed and reflected in more detail in Part 2, The Overall Summary 
linking to the Scope of Work of both projects, and in Part 3, the Scientific Chapters.  
 

 
Figure 1 Survey results from the mapping end response to a set of questionnaires for the R&D 
projects on current practice 

 
Figure 2 Summary highlights from the survey among operators and graduates 
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Summary Highlights for Project No 1 
A performance driven and fully digitalized integrated project execution model & 
adaption/utilization of Industry 4.0 

The summary highlights are provided for each of the Scope Tasks on Project No 1. 

1. Enable I4.0 Framework to achieve inter-operability in the industry 
a. Within the primary value chains 
b. Interoperability across partners involved 

2. Learning and competence; from data to competence to learning  
a. Data sharing and barriers 
b. Transformation towards a learning organization culture 

3. Organisation design & digital impact on governance 
a. Organisation structure 
b. Roles and role contents in a digitally based organisation  

 

Scope 1.1 Enable I4.0 Framework to achieve inter-operability in the industry highlights 

The established practice in the energy industry is primarily based on the Stage Gate 
approach according to Cooper and addressed in further detail in Scientific Chapter No 1 by 
Oorschot.  

The project execution model with stage gates was initially a linear sequential approach 
during the project execution in oil & gas field development projects with interoperability 
issues present among partners on a licence and with corresponding contractors and 
vendors. The split of roles is essentially governed by the contract’s compensation formats 
and the principles of interaction according to the respective contract format and structures. 
The style and format of a stage gate execution model is in broad terms according to the 
lower illustration in figure 3, as a fixed value chain, from feasibility stage through test and 
handover to operations, labelled Project 1.0 in the illustration.   

The interoperability pattern is well established, limited to the project phases and application 
of the principal/agent transaction theory in the role split between client/operator and the 
agent, the main contractors with corresponding subcontractors and vendors. On the 
client/operator side there are interoperability issues among partners in the licence that 
influence the governance of the asset in the licence, as each of the partners has its own 
asset portfolio.  

That pattern and role structure has been a success for field development in the oil & gas 
industry in Western and democratic countries, in which a linear stage gate execution model 
has become a predominant approach.  

When moving into emergent and autocratic countries, the interoperability issues become 
more unpredictable and established common governance rules of the game may not fit the 
political regime, likely causing significant challenges of interoperability. That is experienced 
frequently in interaction with the National Oil Companies (the NOC companies) with direct 
governmental/political restrictions. The latter aspects are not directly a part of the research 
projects, however, may provide some reflection on how far you could expect to move into 
more dynamic and digitally run next generation project execution models under different geo-
political regimes. 
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For the desired features of a digitally driven approach open for focusing on the life cycle 
issues both considering intra- and inter-operability along the model and linked to the supply 
chains associated with the respective stages in the main execution route, see the upper 
illustration in figure 3, That could be expanded to a more dynamic and flexible supply chain 
as illustrated in figure 4 below. That approach provides you with a dynamic capability, which 
was not a real option in the classic linear model with settled contracts in line with the principal 
agent theory; see details in Scientific Chapter No 5. (Klakegg & Hjelseth). 

 

 

Figure 3 Schematic illustration of a stage gate-based project execution model, from a classic 
approach towards a more life cycle driven model 

 

 

 
Figure 4 Schematic illustration of network driven supply chains providing dynamic features for the 
organisation and execution in a connected inter operational network (Klakegg & Hjelseth) 
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An alternative way of illustrating the supply & value chains is shown in figure 5, from Chapter 
6 by David Cameron. 

 

Figure 5 Information flow and cycles in the Capital Project Supply Chain according to ISO TS 18101-1 (2019). 
(ISO TC184, 2019), aligned with the ENPRO lifecycle model of Wiedau et al. (2019). 

Figure 5, also figure 5 in Scientific chapter 6 by Cameron, shows the supply chain using two 
models. The first is presented in ISO TS 18101-1 (ISO TC 184, 2019) and shows how OEM, 
EPC and operating companies could share and exchange data, both for project execution 
and continuous improvement. The second model, from Wiedau et al. (2019) shows the EPC 
work processes and the type of data produced as a facility moves from concept to operation.  

There is a desire to move from a document-based model to a data-based model for 
information exchange, according to Cameron, Scientific Chapter No 6.  

Typical EPC projects for upstream oil & gas projects are both complex and complicated, as 
well as having very high CAPEX figures of the order Billions of Norwegian Kroner. There are 
extensive transfers of documentation between parties as the project moves through these 
staged gates, generating extra costs and risk of loss of data.  

Further from Chapter 6 by Cameron: 
“These document-based exchanges of information are expensive and inefficient, as was 
noted by the Konkraft report on reducing project cost on the Norwegian continental shelf 
(Konkraft, 2018). They also result in loss of information at every transfer. These inefficiencies 
can be reduced by moving from a document-based model to a data-based model for 
information exchange. Further efficiencies can be obtained by moving on from data 
exchange to data sharing.” 

Even more so, there might be lack of compatibility when using a document transfer approach 
rather than an integrated data-driven approach. 

The illustration in figure 5 above also shows the life cycle information feedback loop, a 
necessity for achieving continual improvement and learning. This supports the transformation 
from classic project execution model, labelled Project 1.0 in figure 3 towards Project 4.0, in 
which a life cycle data-driven approach could be achievable.  
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Figure 6 Information interoperability flows in the capital projects supply chains 

Furthermore, a digital system model, Digital Twin, is integrated with the life cycle focused 
chain as shown in figure 7.  

 

 

 
Figure 7 Illustration of a Digital Twin System Model linked to a life cycle focused chain 
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Definition of a digital twin, ref. Chapter 6 by Cameron: 

The Industrial Internet Consortium (Malakuti et al. 2020) 

A digital twin is a formal digital representation of some asset, process or 
system that captures attributes and behaviours of that entity suitable for 
communication, storage, interpretation or processing within a certain 
context. The digital twin information includes, but is not limited to, 
combinations of the following categories: physics-based model and data, 
analytical models and data, time-series data and historians, transactional 
data, master data, visual models, and computations. 

How to achieve a more dynamic state in future project execution models that may cater for a 
full life cycle dimension including operations, in addition to dynamic interaction among parties 
involved?  

The following elements are conditions and opportunities for moving into a broader and more 
complete execution model likely possible through extensive application of digitalisation and 
standardisation in the project management processes along the principles in ISO 19650 and 
optimizing the information interoperability flows in capital projects supply chains: 

• Utilisation of the basic principles of Industry 4.0 into the project environment through 
fundamental application and implementation of standardisation on both work 
processes and the project management processes, see Scientific Chapter No 1 by 
Kim Oorschot.  

• Digitalisation may help organisations to move beyond rigid stage gate processes 
• Digitalisation opens for more flexible and dynamic stage gate models  
• Extensive process standardisation of the project management processes according to 

ISO 19650 contribute to improved efficiency and effectiveness in project management 
& execution and is strongly recommended. ISO 19650 is shown in figure 8, and the 
basics are addressed in Scientific Chapter No. 5 by Klakegg & Hjelseth. 

• Friction less Information interoperability flow among parties involved, see figure 6 
• Expanded data collection and data sharing from partners involved and contextualised 

for the tasks in the project in question; collection from inhouse (corporate memory) 
and among partners involved in connected network, as well as resolving data 
barriers, see Scientific Chapter No. 3 by Alfons Marrewijk. 

• Real time status reporting and evidence-based predictions and prescriptions, on both 
the primary work processes and the corresponding project management support 
processes such as risk management processes, cost & schedule control, quality 
control & monitoring etc. and forecasts.  

• Industry 4.0 is based on extensive digitalisation in manufacturing and process 
operations, in which Integration is a predominant feature. It heavily affects ways of 
organising during the project execution, impacts the project execution models and 
interoperability among parties involved. See Scientific Chapter No. 4 by Vaagaasar.   

• A governance structure that includes multi-layer and inter operational dimensions, is 
assessed, and should be reflected in future dynamic project execution models; see 
Scientific Chapter No. 2 by Ralf Muller. 

• The multi-dimensional perspective as illustrated in figure 4) among suppliers may be 
more of an alliance and incentives based contractual arrangement in an inter-
operational manner. See Scientific Chapter No. 5 by Klakegg and Hjelseth. 

• The desire for an overall organisational dynamic may impact the type and category of 
project execution model, when moving from current stage gate models towards full 
standardisation leading to moving into a permanent enterprise model that is followed 
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by creating new customized project initiatives. The organization dynamic circle. See 
scientific chapter 5 by Klakegg and Hjelseth.   

• Entering a Digital Twin Paradigm, moving from features of technical systems towards 
future Digital Twins handling more overall complex social value systems 

 

 

Figure 8 ISO 19650 Information Process Management Structure for standardisation  

 

Recommendations on Future Project Execution Models 

Based on the issues addressed the following recommendation should be considered  

• Moving next generation PEM into an agile and concurrent environment in which dynamic 
capabilities leading to accelerated and more efficient execution performance with 
standardised work and management processes  

• Introduce a Digital Twin System model connected to the Value chain or connected value 
network master both technical and management systems, i.e., moving from features of 
technical systems primarily towards future Digital Twins handling more overall complex 
social value systems 

• Implement the principles of ISO 19650 to the extent possible on both work processes and 
project management processes for planning, monitoring, control, and forecasts.  
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Scope 1.2 Learning and competence: from data to competence to learning highlights 

Data has value when it is transformed to competence which again creates a foundation for 
learning. 

Data is everywhere and the amount of data available is almost infinite. The data lakes are 
expanding every day, and it may be perceived as an overflow of data. The sources of data 
are from current data lakes in organisations, from sensors, reporting on the measured level 
of some variables. Information is data that have been organised or given structure, that is 
placed in context, and thus endowed with meaning. Knowledge is about making predictions, 
or even prescriptive decisions about what to do (in Scientific Chapter No 1 of Kim Oorschot). 

There are numerous issues related to data and data sharing that are covered in Scientific 
Chapter No 3 by Alfons Marrewijk: 

• The volume and relevance of raw data (Big Data) 
• The quality of data 
• Liberation of data across enterprises  
• How to extract and contextualise data as primary sources for building competence in 

organisations? 
• How to manage exchange of data in inter organisational projects? 
• Openness of data sharing- fact of fiction? 
• Openness on sharing interpretation and meaning of data? 
• Barriers for data sharing 
• Interorganizational contexts are complex due to the multi-actor and multi-level nature, 

and their inherent dynamics 

 

Barriers for data sharing 
Types Characteristics 
Data silos 
Data hoarding 
Risk-aversive culture 
 
Lack of data quality  
 
Lack of common 
‘language’ 
Lack of compatibility 

Fragmentation of data systems into silos 
Employees keep data for themselves 
Risk-aversive organizational culture of infrastructure 
operators 
Data is of low quality and data management is still in 
its infancy 
Common standard concerning data semantics, or 
according to what standard the data should be 
defined and interpreted is missing 

Table 2. Barriers for sharing data in interorganizational projects (Marrewijk) 

Integration of knowledge across barriers expands the knowledge capability in inter 
organizational systems and organisations. Digitalization transforms and connects practices 
within the project, and across organizational and project boundaries, and enables new 
delivery systems, see Scientific Chapter No 4 by Anne Live Vaagaasar. 

How to create value of the collected data? The data must generate competence on individual 
level, on team & project level and on enterprise level. That is considered as rather time 
consuming and challenging processes. However, digital tools may likely overcome the time 
burden and become efficient enablers for such processes converting data to competencies 
and value. Sharing experience is an integral part of the knowledge capability of systems and 
is a critical element in establishing a true learning environment inside and across 
organization units. The next steps considered in the research programme is to derive 
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efficient learning processes with continual improvement for maximizing the value of the data 
in the organization. In addition, how to utilize “Corporate Memory”, a source often just 
marginally applied for the transformation route from data to competence to learning.  

The introductory research assessment highlights the need for data analytics expertise in the 
projects for utilization of data for the value transformation from data to competence and to 
learning.  Data analytics and digitalization may accelerate the learning feedback loop, and 
accordingly contribute to a continuous learning environment in the projects and 
organisations. 

Key issues in converting data to knowledge is to fully understand the transformation from 
present to future as illustrated in figure 9. In figure 10 is a schematic illustration of the 
potential loss of knowledge at the respective decision gates, unless a continual data-driven 
information flow is present. 

 
Figure 9 Sketch of the route from data to knowledge in a stage gate model according to Cooper 

 
Figure 10 Potential project knowledge loss at the decision gates; source Marianne Kalvenes  
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Recommendation on Work Scope 1.2 Competence and learning 

• Prioritize corporate memory data and make these accessible in the organisation 
• Intensify lessons learned, both intra organisationally and inter organisationally 
• Consider application of dual mentoring principle for maximizing sharing experience; 

senior professional are mentors for fresh graduates, whereas fresh graduates are 
mentors on digital tools and data analytics for senior professionals 

 

Scope 1.3 Organisational design and impact of digitalisation highlights 

The major capital intensive and complex field development projects in oil & gas have for 
decades been organized according to linear stage gate-based project execution models, in 
which the project period is covering the route from the feasibility stage, concept, FEED (front 
end engineering design), detail design and execution, finalizing through commissioning and 
hand over to operations. The well-established format creates firm and mature conditions on 
how to organize the projects, on the client/operator side as well as on the contractor side. 

What happens when moving into the digital age and its impact on project organization 
design, the roles and interaction/interconnection between parties involved, licence partners, 
operator, main contractors, suppliers etc.?  

The classic project life cycle logic is challenged due to the demand for, and possibility of, 
extensive integration offered by the digitalization; inter organisational and intra organizational 
issues. This part of the study investigates briefly how it affects key organizing issues in 
project execution concerning project management processes. Furthermore, the assessments 
explore how it influences key aspects of organizational design – and how they should be 
dealt with to exploit the potential for efficiency and efficacy the digitalization offers. We look 
at how, to …, these key aspects can be formalized in roles - what are the “new” roles 
emerging or new aspects of exciting roles as well as what are the skills actors need to 
perform these roles? Also, which roles might become redundant and unnecessary in future 
project organisations?  

These aspects are further dealt with in Scientific Chapter No 4 by Anne Live Vaagaasar. Key 
issues that are addressed are: 

• Interconnection of systems opens for sharing knowledge and skills across production 
structures and different companies to create inter-operability 

• Integration of knowledge across boundaries 
• Reframe system thinking as a flexible and adaptive process across and within 

technological and organizational boundaries 
• New integrated solutions 

o Horizontal integration 
o Vertical integration 
o End-to-end integration across industrial ecosystems 

• Balancing demand for flexibility and stability 
• The likely altered power relations, centralized as well as decentralized 
• Project organizing in an age of bio modality, integration, and interoperability (BII) 
• Redesign of project organization in the framework of Industry 4.0 

o Consider a flatter organizational structure and lean decision-making process  
o More agile project management approaches 
o Increased employee autonomy 
o Individual will perform significant team based and less formal jobs 
o Key Roles in future project organizing built on Industry 4.0 and utilization of AI.  
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• Project Leadership issues within the framework of Industry 4.0 
o Human – machine collaboration 
o Task leadership 

The impact of AI, artificial intelligence, is further addressed on organizational issues such as 
restructuring to more democratic organizations and to cross-organizational alignment of 
digital capabilities (in Scientific Chapter No 2 by Muller). 

Organisational consequences of digitalisation, data management and integration are also 
addressed across organisations and inside organisations. See Scientific Chapter No 5 by 
Klakegg and Hjelseth. 

Organisational consequences may fall into two categories: structural and cultural.  

Structural consequences of digitization, data sharing and streaming follows from the potential 
for working and making decisions across organizational borders/boundaries. It means the 
understanding of organisational boundaries may change. The two extremes may be on one 
hand wiping out organizational borders all together, or on the other hand making them 
completely transparent and permeable.  

The cultural side of this development in this scenario would be a result of what the one owner 
wants and builds through guiding values in the organization and selection of leaders. The 
owner may over time develop any homogenous (unified) or diverse culture in the 
organization according to what is wanted – expected to best support the strategic direction 
that the organization (in reality: the owner) wants to go.  

It is briefly illustrated in figure 11. The structural element differentiates between one owner 
versus many owners, whereas culture distinguishes between unified and diverse, and the 
considerations are summarized in the chapter by Ole Jonny Klakegg and Eilif Hjelseth.  

 
Figure 11 Categorization on different combinations of structure and culture  

 

Furthermore, the phenomenon of achievement of an organisation dynamic in project-based 
organisations is illustrated in figure 12  below. 

 

 

 

 One owner 
(monolithic) 

Many owners 
(ecosystem) 

STRUCTURE 

Diverse Unified 

CULTURE 

The firm and its 
projects is 

somewhere here? 
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Figure 12: Schematic illustration of likely organisation dynamics made possible through extensive 
digitalisation and standardisation in information management processes. The organisation dynamic 
circle (in Scientific Chapter 5 by Klakegg and Hjelseth) 

In project- based organisations you may design and run the enterprise under conditions that 
all value creating activities are organised as a project, see illustration in figure 12 above. 
However, the request for improved efficiency in project execution is to move towards 
standard project formats and management execution which may become a reality when 
utilising the features of Industry 4.0 and process standardisation according to ISO 19650 for 
the management processes. When those conditions are achieved the management pattern 
and practice enter a state of “Business as usual”.  

Improving business performance is an ever-going issue. The next step from the state of 
“Business as usual” is to launch new and unique projects to obtain resource efficiency 
improvements with enhanced corresponding effectiveness related to business values. These 
aspects are delt with in more detail in Scientific Chapter No 5 by Klakegg and Hjelseth, and 
should be considered in a long-term perspective, both intra operational and inter operational 
among parties involved, whether it is a dynamic value chain approach or a connected value 
network with strategic alliances.    

The organisational dynamics is reflected in figures 12, & 13 trying to illustrate the ever-going 
dynamics for continuous improvement expected to enhanced efficiency, creation of 
competitive advantage and enhanced values (from Scientific Chapter No 5). 

Furthermore, the learning element should cover the project environment as a learning arena, 
including “Learning in” and “Learning from”.  

The “Learning in” elements should cover monitoring activities for collecting information about 
the performance of activities linked to management support processes for value creation, risk 
management, cost & schedule as well as quality management & control.  The monitoring 
activities should be followed by forecasts covering predictions and prescriptions, in which AI 
& machine learning is a strong enabler for improved level of prediction and prescription. 
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The” Learning from” perspective is connected to “Enterprise level Continuous improvement 
efforts” with focus on what type of information is relevant to being transferred from one 
project to another. Sound pattern recognition may appear when using machine learning.  

Digital technology is considered as a key driver for organisational development and 
dynamics, impacting both structural and cultural aspects providing the capability and 
possibility to allow for data-sharing, as well as exchange of experience and knowledge. It 
may request a fundamental mid shift to open for extended data sharing among parties 
involved and affected, followed by changing business models and roles.   

 

 

 
Figure 13 Illustration of an Organisational Dynamics and Helix 

 

Recommendations for Work Scope 1.3 Organisational design 

• Reassess current organisation designs and eventually reengineer the organisation 
design utilising the digital features and process standardisation 

o Real time reporting including predictions as well as prescriptions  
• Reassess the respective roles in project organisation 

o Onboarding digital analytics experts 
o Train project professionals regarding digital analytics 

• On an enterprise level, consider the organisation dynamics for enhanced 
competitiveness 

o Form customized to standardised to next level dynamic lift 
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Summary Highlights for Project No. 2 
Impact of digitalisation on project management processes and decision-
making in Project development and execution 

1. Governance in energy projects based on Industry 4.0 framework 
a. Establish mega and multi-layer governance in partnership and connected 

network 
2. Decision Gates considerations 

a. Data based and data driven decision making 
3. Organisational design & digital impact 

a. Shaping future project management processes  

 

 
Figure 7 - ISO 21500 exposing the 3 categories of processes in project planning and execution. The 
R&D project is covering the project management processes, although addresses interaction with main 
work processes and corresponding support processes 

 

Scope 2.1 Governance in energy projects based on Industry 4.0 framework.
 Establish mega and multi-layer governance in partnerships and connected network 

The scope of this part is to address the governance and management issues in energy 
projects based on the Industry 4.0 framework and the likely options available through 
digitalisation and use of AI in the respective management processes & governance 
framework. The work has focused on the impact of AI on project and enterprise governance.  
The initial part of this has been to clarify and sort out the distinction and impact of AI on 
governance and management respectively. The Scientific Chapter No 2 by Ralf Muller 
explains the differences. In short, AI is applied at the management level, while governance is 
accountable for ensuring that AI enters the management most beneficially, including 
economic, organisational, HRM and socio-technical dimensions.   

AI models and applications are considered as strong and efficient tools resulting in 
increasing preciseness levels in predictions and prescriptions, particularly relevant for 
improved quality and preciseness in estimates of risk, cost, time, contract, quality, safety, 



23 
 

Practitioners report R&D Project – Final 15th December 2022  
 

and cash flow, see chapter by Ralf Muller. These features become critical in complex mega 
projects with several parties involved: a true inter organisational and operational issue and 
setting. 

In this context, the assessments covered are listed in the table below: 

Dimensions of 
concern 

Examples of focus areas for governance 

Strategy Development of AI strategies and roadmaps for implementation. 

Technology Integration of existing islands of digital solutions. 

Socio-technical 
interface 

Human-machine interface design. 

Managers to engage and adapt their leadership. 

Transparency in algorithms, human control, and broad review. 

Management Beneficial use of AI in management. 

Ambidextrous application of AI. 

Train project managers and team members s in digital supporting tools. 

Organization Restructure to more democratic organizations. 

Cross-organizational alignment of digital capabilities for related business 
processes. 

Table 3: AI-related dimensions for the governance of projects, with examples of specific focus areas 

 

Governance is accountable and responsible for setting the framework for management to 
strategize, develop, integrate, implement and use of AI in the daily operations, including the 
considerations on degree of autonomy in decision making of strategic one-off nature and on 
repetitive nature (see Scientific Chapter No 2 by Ralf Muller).  

Repetitive decisions with firm tolerance and acceptance limits may be managed through high 
degree of autonomy, with AI predictions of patterns optimizing the solution and direction. On 
the other hand, strategic one-off decisions still need human interactions and accountability, 
but with AI-based predictions for evidence-based decision support.  

AI may impact and be utilised in most work processes and parts of the project management 
processes. First of all, this study is about managing, organising and making decisions, not 
detailed control of technical work processes.  

Project management processes may be categorised in structural and cultural/relational 
processes. 

On short term it is first the structural project management processes that may benefit from 
using AI in analyses, control & monitoring, predictions and prescriptions. It will improve 
preciseness level and reliability and not the least provide acceleration of data collection as 
well as contextualisation of the data. This is relevant for any of the structural processes such 
as planning, cost & schedule control, risk management and business management 
predictions. The sum of these features and capabilities contributes to improve the decision- 
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making capability and quality. A gradual shift from human to autonomous decision making is 
expected to happen on well-defined control processes, whereas for strategic one off 
decisions the benefit of AI is achievement of better decision facts basis and generated faster 
than ever.    

Concerning the relational parts of project management processes, it is questionable to what 
degree AI may have significant impact and benefit. However, it may have value in human 
pattern recognition, that in turn may influence the organisation design, roles, and 
responsibility as well as communication and interaction with stakeholders.    

An intra-organisational pattern should cover the essentials shown in the mapping in figures 8 
and 9 and shows the interaction between project management processes and governance at 
different levels. With reference to figure 14, there is a firm distinction between Corporate 
Governance, Governance of Projects, and Project Governance. The intra-organizational 
governance layers must show consistency and clear messages about the logic link from 
Corporate to Governance of Projects to Project Governance. That logic link is aiming at 
securing that the Governance of projects and Project governance are aligned with the 
Corporate Governance minimizing internal conflicts and misinterpretation on the framework 
for how to manage the enterprise, portfolios, and projects.  

The illustration in figure 15 is showing the complexity, extent, and interaction about intra- 
organisational governance. 

An inter organizational pattern is schematically illustrated in figure 16, exposing the different 
levels of governance, from meta governance via governance of networks to network 
governance. 

Figures 14, 15 and 16 aim at clarifying the perception and understanding of the intra- and 
inter organisational/operational conditions concerning governance in projects and 
enterprises.  

 

 

Figure 14 Intra organisational governance levels (Ralf Muller) 
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Figure 15 Mapping to intra- organisational governance of projects (Ralf Muller) 

Moving to inter-organisational network and pattern, the complexity issues are linked to the 
different networks and their respective framework for operation and interaction. 

 

 

 

Figure 16 Governance of inter organisational networks for projects 8ralf Muller) 

Recommendation on Work Scope 2.1 Impact of AI on Project and Enterprise 
Governance 

• Determine the level of AI 'maturity' needed to stay competitive in the marketplace 
• Determine the ambition level for AI, and AI’s link to the organization’s strategic 

objectives 
• Do an inventory of current practices, processes, tools, etc. that exist in using AI and 

traditional techniques 
• Develop an approach to migrate existing levels of AI and traditional practices to 

desired future levels 
• Identify practices to 'start small and scale fast' for economically implementing AI 
• Develop an AI governance strategy from the above 
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Scope 2.2 Decision Gate Considerations 

In contrast to milestones, the decision gate and approval is a forward-looking phenomenon. It 
comprises the issues of readiness in the single projects to proceed to next stage and the 
assessment in a portfolio and enterprise context.  

The decision gates normally represent strategic one-off decisions during project execution, 
and the benefit of AI and digitalisation is to provide more precise decision support facts, 
whereas the strategic-off decisions are made by those accountable for the decisions at the 
respective gates. (Asset owner or asset owner representative) 

These aspects are catered for in the classic sequential and linear stage gate project 
execution models (see Cooper). However, what are the conditions when stages are partly 
run in parallel and concurrently? Cooper (2016) addresses that in his hybrid model, opening 
for the agile dynamic nature which is a reality in many projects under uncertainty and 
unpredictability. It is considered relevant to open the gate and proceed to next stage 
although the previous stage is not completed. 

Then we should face the fact that the decision making at the decision gate to proceed is 
made on non-complete facts at time of the decision, whereas the previous stage is continues 
development to completion. Those principles are briefly outlined in figure 17 below, showing 
that an iteration and agile transformation is possible from time of decision at the decision 
gate and throughout the stage. 

 
Figure 17 Schematic illustration of a condition of a decision gate approval containing non- complete 
facts and followed by an iterative and agile approach for completion of the stage. (Cooper 2016))  

What is the impact of AI and digitalisation into such constraints and environments? 

AI and digitalisation may significantly improve the decision facts basis for a concurrent 
execution route according to the illustration in figure 17 through providing the following key 
features: 

• A predominant data driven facts basis 
• Higher precision level on generated evidence and facts  
• Higher accuracy of predictions and prescriptions, key elements in the decision facts 

basis 
• Accelerate the decision process with real time conditions for collecting, analysing and 

generation of predictions and prescriptions leading to a higher confidence level for 
decision making on non-complete and agile conditions.  
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• Next generation Digital Twin model may manage an integrated approach on overall 
management systems level, supporting the decision gate approval that cover both 
intra- and inter-organisational pattern and relations on system level. 

• Accordingly, the governance execution may be strengthened through utilisation of AI 
and digitalisation for the decisions made by gate keeper/asset owner due to higher 
precision level on the facts and judged considering the overall governance rules for 
the case in question. 

Recommendation on Decision Gates 

• Analyse in further detail the degree of autonomy in decisions that is relevant and 
appropriate for the different decision gates in the project execution models  

• Analyse in further detail the acceptance and tolerance level of facts for making 
decisions on non-complete facts allowing an agile and concurrent approach. 

• Further analyse and assess the features of next generation digital twins including 
meta system level as a primary decision support vehicle and accelerating the degree 
of autonomy relevant for the different decision gates. 

 

Scope 2.3 Organisational design & digital impact   

The social technical dimension addresses the governance of the interface between machines 
and humans. Of particular concern is the governance of the development of user-acceptable 
interfaces and ways of interacting that support existing skill sets and practice. The 
development should be done by organisations and humans working with the AI systems and 
of IT specialists.  It briefly means that focus should be on new capabilities due to application 
of AI and digitalisation on systems level creating data driven decision making and enhanced 
resilience and robustness. These features are becoming essential in complex projects and 
organisations of intra and inter operational nature. The corresponding development of 
hardware, software and capabilities are briefly summarised by Whyte et al (2023) over the 
last 6 decades. 

Table 4 illustrates that there is a fundamental shift in software and hardware that has a heavy 
impact on the way of organising and on decision making. Integration is the key according to 
the initial literature survey summarised in Scientific Chapter No 4 by Vaagaasar. Integration 
and coordination affect organisation design, and roles. New patterns in organisation design 
are made possible due to the entrance of AI and digitalisation together with standardisation 
of the management processes in projects.  

Based on the initial assessments, critical success factors for implementation of Industry 4.0 
in project organisations are: 

• Integrated solutions technology 
• Relationships on system level and amongst actors involved 
• Roles 

o Likely new roles  
o Update of current roles in projects 
o Removal for redundant positions and roles due to robotisation and 

automation  
• Practices of integration   

o Horizontal integration 
o Vertical integration  
o End-to-end integration across industrial ecosystems.  
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Table 4 Development trends on Hardware, Software and New Capabilities over the last 6 decades 

 

 

Recommendations on Work Scope 2.3 Organisation design and digitalisation 

• Analyse the likely impact of digitalisation on the project organisation design – general 
principles  

• Analyse in further detail the integration and relational issues in a project and across 
connected organisations 

o From linear to multidimensional 
o Across project phases and organisational boundaries 

• Review and assess a concrete project in the start-up phase, alternatively an ongoing 
project among sponsors.  

See also Work Scope 1.3 
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Overall conclusions from the initial Practitioners oriented Assessments 

The application of AI and digitalisation in managing and organising projects are in its infancy 
both on intra and inter organisational perspectives. This contrasts with current practice in 
technical work processes that to a large extent utilises the features of digitalisation in the way 
of controlling, execution and monitoring the processes. 

Limited amounts of publications related to project management AI and Industry 4.0 confirm 
the demand for further investigations on key dimensions in governance, management and 
organising projects under digital environments and the entrance of connected multilevel and 
multilayer networks in future projects.  

The identified needs are related to the next generation project execution models as well as 
on the impact of AI on governance and decision making, in which the degree of autonomy in 
decision making is an issue.  

Also, the desired project organisation design and corresponding roles should be thoroughly 
analysed regarding the impact of I4.0 standardisation as well as impact of AI on decision 
making, both strategic one-off decisions as well as for repetitive decisions that might open for 
autonomous decisions within established tolerance limits. 

These aspects are dealt with in the following in-depth scientific reports based on applied 
research tasks. 

 

The Road ahead to the following Scientific In-depth Reports and publications 

The Practitioners Report addressed key elements that need to be assessed more in detail 
and supported by thorough empirical evidence and data.  
The initial survey among previous graduates indicated that there is significant improvement 
potential when introducing digitalisation in project models, however, must be verified from a 
more concise data collection.  
Also, the emergence of a fully system level Digital Twins 8one or many linked) may become 
strong enablers for integration and realisation of the cultural and social aspects of value 
creation and project execution, not limited to the technical dimensions in application of digital 
twins for the work processes.   
The collection of empirical data should preferably be on current and/or future projects among 
the sponsors in the two research projects. There is a need to carefully select which areas of 
interest should have priority and having a realistic perspective on the accessibility on 
empirical data. 
Relevant empirical data could be derived from a series of interviews with key resources 
among the industry sponsors and with managers holding AI-related issues and tasks in their 
leader jobs.  
The data collection could be extracted from ongoing projects or projects completed recently. 
Examples of data of particular interest is the review of the stage gate approval processes in 
current project execution models, AI impacted control & monitoring processes etc. 
A workshop could follow the interviews for extraction and discussion of the main features and 
characteristics identified for the impact of AI and I4.0 in future project environment. 
These considerations, priorities and selections must be done in close collaboration between 
faculty and industry sponsors.   
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Part 3 Scientific chapters full text 
 

Scientific Chapters in Practitioners Report 

1. Project Execution Models in Industry 4.0, Kim Oorschot, Norwegian Business 
School BI 

2. Governance in Energy Projects Based on the Industry 4.0 Framework, Ralf 
Muller, Norwegian Business School BI 

3. Focus on Data exchange in interorganisational projects, Alfons Marrewijk, 
Norwegian Business School BI 

4. How to organise Energy Projects in Industry 4.0, Anne Live Vaagaasar, 
Norwegian Business School BI 

5. Organisational consequences of digitalisation, data management and 
integration Ole Jonny Klakegg & Eilif Hjelseth, Norwegian Institute of Science & 
Technology NTNU 

6. Digital Twins in, of, and for Engineering Organisations: A Report on Present 
and Future Practice. David Cameron Department of Informatics University of Oslo 
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Scientific Chapter No. 1 
PROJECT EXECUTION MODELS IN INDUSTRY 4.0 

 
by  

Kim van Oorschot 
Norwegian Business school BI 

 
 
 
Scope of work theme 
I4.0 Transformation into the project environment & Next Gen PEM 
R&D Project 1 
 
 
Links to & interactions with other Scope of Work themes  

• Desired competence profiles in digitalized project environment (Project 1) 
• Organizational consequences of digitalization, data sharing & streaming (Project 1) 
• Impact of AI & digitalization on decision making (Project 2) 
• Impact of digitalization on organization design & project performance (Project 2) 

 
 
Chapter summary 
Changing markets and new technologies in the Industry 4.0 era have raised the interest in 
digitalization in the energy sector. Most research has focused on the technical side, on the 
interconnectivity of technologies, devises and processes. Research on the impact of Industry 
4.0 on project management and decision making in projects is still in its infancy. The energy 
sector may benefit from new project execution models that utilize digitalization of work 
processes. Therefore, research on new project execution models is required, considering how 
digitalization could 1) support data gathering and decision making in projects; and 2) advance 
new decision- making processes based on key performance indicators and decision thresholds 
for such indicators.  
 
 
Problem statement 
The upstream oil & gas industry has widely adopted so-called Stage Gate project execution 
models, initially developed by Cooper (1994). A stage-gate process involves a conceptual and 
operational map for moving new product development projects from idea to launch and 
beyond. It consists of a series of stages wherein a project team undertakes the work, obtains 
the needed information, and performs data integration and analysis. Each stage is followed by 
a gate at which a ‘‘go/kill’’ decision is made on whether to continue with the project (Cooper, 
2008). By organizing projects in stages, the magnitude of an investment is inversely 
proportional to that investment’s uncertainty. Thus, at the early stages—when uncertainty is 
typically high—funding is low. As uncertainty is reduced, the projects that are not killed 
advance to subsequent stages wherein investment increases (Summers & Scherpereel, 2008; 
Oorschot et al., 2010). 
 

The market volatility in the energy industry, the dwindling demand for oil due to the 
impact of COVID-19, and the push for alternative greener energy are driving the need for 
innovation and digitalization in this industry (Elijah et al., 2021). This has raised interest in 
the application of Industry 4.0 technologies in the energy sector. As such, there is a strong 
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desire to analyze the alignment between existing stage-gate project execution models and 
their changing environment (Oorschot et al., 2022). These environments may be better served 
by new project execution models that utilize digitalization of work processes. In addition, new 
patterns of decision making and perhaps even new roles for decision makers (project 
managers) involved are likely to evolve.  

 
 

Status of As Is in the area of concern 
Industry 4.0 aims to increase the interconnection and exchange of real-time data between and 
among people, processes, services, smart products, and production equipment (Nayernia et al., 
2021). One of the challenges for project managers that results from Industry 4.0 is the 
collection and dissemination of knowledge that is derived from information; information that 
is generated from data coming from everywhere and at any time. Data come directly from 
sensors, reporting on the measured level of some variable. Information is data that have been 
organized or given structure - that is, placed in context - and thus endowed with meaning. 
Information tells the current or past status of some part of the production system. Knowledge 
goes further; it allows the making of predictions, causal associations, or prescriptive decisions 
about what to do. (Bohn, 1994). Although there is no doubt that interconnectivity of digital 
technologies, devices, and processes in Industry 4.0 can provide huge amounts of data, it is 
less clear how to organize this data into meaningful information and eventually how this 
information can be turned into knowledge which is required for decision making. Breaking 
data silos is key for the energy industry to continue to report efficiency gains and cost savings 
(Mittal et al., 2017).  
 

Research on the impact of Industry 4.0 focuses mostly on future factories and the 
integration of technologies, but little or no research has been done on the impact of Industry 
4.0 on project management, project teams, and decision making (Marnewick & Marnewick, 
2020). Most research focuses on the technical side of Industry 4.0 while organization and 
managerial aspects are still in their infancy (Calabrese et al., 2021). Reviewing Industry 4.0 
implementation from the organizational perspective remains an important research gap 
(Nayernia et al., 2021). However, it is essential to analyze where the employee fits in Industry 
4.0. All sorts of indicators may be monitored, with fully automated control processes, yet 
human expertise is still required to make sense of the collected data (Oorschot et al., 2022; 
Sony & Naik, 2020). For example, it is difficult for pilots to monitor autopilots reliably during 
long flights without taking an active role themselves yet respond quickly and appropriately in 
emergencies (Weick, 1987). Therefore, future research should move from a firm to a project 
level of analysis to capture the contingency factors that influence how Industry 4.0 could be 
implemented at the project level (Nayernia, et al., 2021).  
 
 
Scientific evidence 
Previous studies have shown that the static and sequential stage gate model can be adapted to 
ensure a better fit with a dynamic project environment. For example, the stage gate model 
may be applied partly as a concurrent model, in which next stage is allowed to start even 
when the preceding stage is not completed (Akkermans & Oorschot, 2016; Lereim, 2013). 
Cooper and Sommer (2016) refined the principles in the model incorporating the need for a 
more dynamic and agile approach. In addition, research has been done to analyze stage gate 
models with more flexible gate meetings (Oorschot et al., 2018). Stage gate models with 
completely fixed gate timing facilitate the consistent reduction of all stages’ cycle times, 
which is necessary to realize aggregate cycle-time reduction advantages (Eling et al., 2013).  
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Yet, it is often difficult, if not impossible, to make realistic project plans at the outset 

of a project. Project deliverables may not yet be known, or not be clearly defined at this early 
stage, and the exact nature of the project tasks that will need to be completed may also still be 
unknown (Kim and Wilemon, 2002). As a result of this “fuzziness” at the beginning of a new 
project, in combination with mounting speed-to-market pressure, the amount of work that 
needs to be done over the course of the entire project is often underestimated at the start of the 
project (Tatikonda and Rosenthal, 2000; Oorschot et al., 2011). Fixing the timing of all gate 
meetings a priori and strictly adhering to this schedule appears most advantageous, as this 
strategy emphasizes time reduction and increases goal clarity from the start of the project 
(Kessler and Chakrabarti, 1996). However, if insufficient time is scheduled, the development 
team runs the risk that some project tasks will not be proficiently completed before the due 
date, which could lead to reduced quality (Calantone and Di Benedetto, 2000; Crawford, 
1992: Oorschot et al., 2013). When gate review criteria are rigid (both in terms of time and 
specifications or deliverables), the team has less incentive to acquire new information or re-
examine existing information. Thus gates can adversely affect knowledge creation and 
learning in a project and reduce flexibility on the part of the project team. These in turn can 
affect the market performance of new products (Akkermans & Oorschot, 2016; Pich, Loch, 
De Meyer, 2002; Sethi & Iqbal, 2008).  

 
To account for such adverse consequences, allowing for a more flexible rescheduling 

of gate meetings while the project is ongoing, may be more beneficial than strictly adhering to 
some fixed schedule defined at the start of the project. However, there also are potential 
drawbacks of such a flexible approach. Specifically, when gate meetings are postponed too 
easily and frequently, the time-to-completion may increase. As a result, timing goals are 
compromised and stakeholders that have anticipated and relied upon the timely completion of 
the project may suffer (Eisenhardt and Tabrizi, 1995; Van Oorschot, Akkermans, Sengupta, 
and Wassenhove, 2013). 
 
 
Key issues 
In their quest to attain more successful projects, organizations are tempted to put in place rigid 
and tightly controlled processes. However, rigid processes do not necessarily guarantee stable 
outcomes in complex situations (Farjoun, 2010). Rather, organizations require processes that 
incorporate flexibility, choice and change, and enable learning (Farjoun 2010; Lenfle & Loch, 
2010; Oorschot, Eling & Langerak, 2018). This way of thinking about rules and project 
control should also be applied to complex and uncertain projects in the energy sector. The 
question is how digitalization can help organizations to move beyond rigid stage-gate 
processes. Although previous research has examined variants of the stage gate models, more 
research is needed to understand the impact of digitalization and automation of project data 
gathering on decision making within stages (by the project manager) and during gate meetings 
(by the steering committee). How fixed or flexible should stage gate models be and how fixed 
or flexible should decision rules that govern these models be? What kind of project data is 
required at which time in the project? And what do next generation stage gate models look 
like?  
 
 
Critical success factors 
Project execution models in Industry 4.0 can most likely be supported by digitalization and 
automation to gather data that is required to make decisions in gate meetings about the future 
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of the project. To what extent decision-making can also be automated is unclear. Warning 
signals or alarm bells about lack of progress in projects can go off based on predetermined 
thresholds. But what the project team, project manager, or even steering committee must 
decide when an alarm goes off, is not black or white. Projects sometimes go through a rough 
patch and need the benefit of the doubt. Other projects may have underlying problems not yet 
captured by digitalized controls and should be canceled. In a previous study by Oorschot et al. 
(2018), three performance indicators where defined that should be measured in the first stage 
of a project. Depending on whether these indicators were above or below a critical threshold 
at the end of the first stage, different decisions about the gate meetings in the future were 
identified to support project performance. The energy sector may also benefit from similar 
practices that support project management in the Industry 4.0 era. Critical success factors for 
new project execution models are therefore:  

• identification of key performance indicators that provide early warning signals for 
project failure (or success)  

• identification of critical thresholds (and perhaps bandwidths) for such indicators 
beyond which specific decisions should be made 

• identification of the right level of firmness and flexibility when it comes to gate-
meetings  

 
 
Potentials & Scenarios 
The proposed research will address and identify the characteristics and features of next 
generation project execution models in the energy sector in the Industry 4.0 era. To do so, we 
suggest the following approach: 

• Analysis of previously executed projects in a target company in the energy sector. 
Questions to be answered are, for example: what were the differences between initial 
plans and actual outcomes, when, how often, and why were gates postponed/released 
and what was the overall effect on project performance in the end? 

• Analysis of ongoing projects and decision-making processes during stages (by the 
project manager) and during gate meetings (by the steering committee). Questions to 
be answered are, for example: what information is used during gate meetings, how is 
project progress evaluated, what decisions are made, and what is the effect of these 
decisions on the next stage, which parts of information gathering, and progress 
evaluation could be automatized? 
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Scope of work theme 

• Impact of AI on project and enterprise governance 
 

Links & interaction to other Scope of Work themes  

• Project 1: I4.0 Transformation into the project environment & Next Gen PEM 
• Project 2: Impact of AI & digitalization on decision making 

 

Chapter summary 

This chapter addresses the implications of AI implementation for the governance of 
projects. A review of existing, mainly academic research literature reveals that AI 
directly supports management practices and only indirectly governance practices. 
However, governance must set the framework for management to strategize, 
develop, integrate, implement, and use AI in daily management work. For that to 
happen in a controlled manner, an ambidextrous approach is suggested, by 
developing an AI strategy and roadmap to explore the strategic use of AI, while 
simultaneously exploiting 'low-hanging fruits' in terms of possible AI solutions. Next 
steps are suggested. 

 

Problem statement 

In its various expressions, AI enters the daily activities of engineering and other 
technology-related businesses. The 'maturity' of organizations in using and 
developing AI for their R&D and delivery processes has become a key criterion for 
selecting business partners for joint value creation or project delivery and, therefore, 
for organizations' survival in the marketplace. This includes processing large 
amounts of data, interfacing IT systems, and providing data in defined formats across 
organizational borders with partners and contractors for reporting and well-informed 
decision-making. Examples show how organizations with low or no capacity to link 
their existing processes electronically with their business partners are severely 
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disadvantaged (Lobo & Whyte, 2017; Whyte, 2019). This includes the project 
management capabilities of organizations. Some authors propose using AI to create 
schedules and budgets, task lists, dynamic risk maps, progress and plan updates, 
analyze and predict deviations and changes, and allocate teams (Holzmann, Zitter, & 
Peshkess, 2022). This view is strengthened by authors showing existing applications 
of AI with the highest levels of prediction accuracy (Class I), for example, in 
forecasting megaproject performance using project cash flow compared to the cash 
flow history of similar projects (CEMP, 2022).  

The list above and related academic publications indicate that AI supports 
management functions, such as planning, executing, analyzing, and reporting. 
Hence, AI has become a toolset for management. The framework within which 
management is executed, commonly referred to as Governance (OECD, 2001), holds 
the responsibility to set the stage for defining the goals, providing the means to 
achieve these goals, and controlling progress towards these goals. Thus, AI is 
applied at the management level. At the same time, governance is accountable for 
ensuring that AI enters (project) management most beneficially, including economic, 
organizational, inter-organizational, HRM, and socio-technical dimensions. Even 
though many authors agree on the importance of these key dimensions for the 
successful implementation of AI, little is published on the related governance tasks 
and responsibilities. 

 

Status of As Is in the area of concern 

Overall, the literature portrays AI as a function mainly useful for supporting 
management tasks instead of governance tasks. AI models and solutions are 
increasing in predictability and can provide first-class estimates, especially in risk, 
cost, time, contract, safety, and cash flow estimates. For that to happen, selecting the 
'right' quantity and quality of input data is critical.  

AI implications for governance are mainly indirect, such as higher transparency and 
accuracy of the information and decision quality. More direct implications include AI's 
predominant use in the governance of large and megaprojects and problem 
identification. 

Implementing AI often requires restructuring organizations, processes, roles, 
responsibilities, training, and IT infrastructures. In addition, ethical issues, such as 
transparency of algorithms and control through the human-machine interface, must 
be dealt with.  

Implications for the competitiveness of organizations include aligning AI capabilities 
to those of business partners and clients in inter-organizational settings, horizontally 
and vertically in connected value networks. 

A review of related literature from a governance perspective revealed five dimensions 
of concern. Table 1 lists the dimensions and examples of related focus areas for 
governance. The details of these dimensions are discussed in the next section. 
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Dimensions of 
concern 

Examples of focus areas for governance 

Strategy Development of AI strategies and roadmaps for 
implementation. 

Technology Integration of existing islands of digital solutions. 

Socio-technical 
interface 

Human-machine interface design. 
Managers to engage and adapt their leadership. 
Transparency in algorithms, human control, and broad 
review. 

Management Beneficial use of AI in management. 
Ambidextrous application of AI. 
Train project managers and team members s in digital 
supporting tools. 

Organization Restructure to more democratic organizations. 
Cross-organizational alignment of digital capabilities for 
related business processes. 

Table 1: AI-related dimensions for the governance of projects, with examples of 
specific focus areas 

 

Scientific evidence 

The academic literature reviewed shows relatively little evidence of existing AI 
solutions and focuses mainly on predicting future areas of AI use in projects and their 
management.  

Literature on the strategic dimension of AI governance involves setting goals for AI 
use, providing the means to achieve those goals, and controlling progress. As of 
now, AI is mainly used for operational/tactical applications. For example, forecasting 
and control models/algorithms provide high-quality output and need less data than 
initially thought (CEMP, 2022). Critical for this is the selection of the correct input 
data.  

Governance shall address the strategic objectives and provide for coordination of the 
different AI activities across the organization. At the strategic level, the predictions for 
the use of AI differ widely. For example, Niederman (2021) proposes that AI will only 
marginally impact project management, primarily through new features in existing 
software packages. Contrarily, Holzmann et al. (2022) report functions and 
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automation at a much broader scale (see above), addressing almost all of the project 
performance domains as defined by the Project Management Institute (PMI, 2021), 
that is, almost every aspect of project management work. To implement this in a 
controlled manner, Greiman (2020) suggests developing strategies for AI 
implementation and policies that define the benchmarks for data collection, data 
structuring, source and data credibility/quality, data quantity, and criteria for 
legitimacy and authenticity of the collected data. Liu and Maas (2021) take this 
further by suggesting defining the scope of existing levels of governance, such as 
those for projects. Once established, they can be expanded to broader societal and 
global perspectives, moving from problem-solving to problem-finding through AI. 
While strategy development is undoubtful important for a controlled AI 
implementation, the processes and tasks for developing such a strategy are not 
generalized yet. Writers do not go beyond abstract descriptions of individual cases.  

The above paragraph indicates different perspectives and expectations toward AI in 
project management. The opposite views of Niederman (2021) and Holzman et al. 
(2022) can be modeled as the two endpoints of a continuum. The former view is 
underpinned by an expectation that AI will enter project management through tool 
providers, which only requires a passive role of waiting for software enhancements to 
be released and then training the respective users. The other end of the continuum 
proposes an active role in planning, selecting, and deploying AI capabilities in line 
with the organization's strategic objectives. Determining the desired location on this 
continuum is addressed through Greiman's (2020) suggestions. These are listed 
above and provide for adjustment of the desired AI capabilities to the strategy and 
ambitions of the individual organization. Liu and Maas (2021) take the 
accomplishment of being located on this continuum as a starting point. Today's 
capabilities in project governance would be classified as level 0, megaproject 
governance as level 1, and future capabilities, for example, SDG governance, as 
level 2. At the same time, the most extensive endeavors, like fighting climate change, 
would constitute level 3. Hence, the four studies provide for modeling the intended AI 
capabilities, a way to define an organization's location in this model and expand this 
into future developments.  

The technology dimension addresses the governance of integrating existing and 
newly developed digital islands into a coherent network of AI solutions aligned with 
the goals defined in the organization's strategy. Abioye et al. (2021) outline some of 
the AI applications in the construction industry, such as machine learning for 
estimation and scheduling, building information modeling (BIM) with related site 
analytics, blockchain for transparency and validation, contract and proposal analytics, 
and health and safety analytics. They conclude that this variety of technology needs 
governance in line with an organization's AI strategy as either a narrow approach, a 
general approach, or a super-intelligent approach to using AI. At the more detailed 
level, Wauters and Vanhoucke (2016) provide tools and downloadable files for use in 
AI implementations. Brookes et al. (2020) present different ways to analyze data in AI 
applications. Hence, technology governance requires balancing off-the-shelf 
solutions with tailored developments for the individual organization.  
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This affects inter-organizational linkages, such as supply chains or value networks. AI 
solutions should be carefully procured or developed by ensuring conformance with 
established, de-facto, and upcoming standards to allow for scalability and cross-
organizational networking. Organizational and ethical implications include the need 
for organizations to allow for data sharing, information transparency, and mutual trust 
in handling these data. Project execution models will be affected by the variety of 
data, allowing for more and different ways to analyze and base decisions on them. 
This, in turn, challenges governance to determine the required level of analysis and 
prediction to avoid information overflow while maintaining the transparency of 
activities in the 'black box' called AI system. 

The socio-technical dimension addresses the governance of the interface between 
machines and humans. Of particular concern is the governance of the development 
of user-acceptable interfaces and ways of interaction that support existing skill sets 
and practices. Writers agree that these interfaces shall be developed by the people 
working with the AI systems, not by the IT people developing the technical solutions. 
For example, Pasmore, Winby, Mohrman, and Vanasse (2019) trace the design of 
human-machine interfaces back to the 1930s and look ahead until 2030. In line with 
Bednar and Welch (2020), they conclude that interfaces not developed by, or at least 
in collaboration with end-users, lead to in-acceptance and frustration, with loss of 
crucial resources followed by economic issues.  

Related to that are adaptations of merely democratic management styles supportive 
of increased empirical evidence behind the information given to humans by the AI 
systems. This includes advancing work ethics by providing transparency of the 
algorithms used, ways humans can modify the system outputs, and appropriate 
review methods for this. This has managerial and ethical implications. While control 
of the machine output by the people working with them is suggested for several 
reasons (ethical, psychological, safety etc.), governance should address the 
adjustment of management styles for the greater credibility of information and the 
associated importance of roles dealing with AI tools. This implies a shift to more 
democratic leadership styles and structures in many organizations.  

Recent developments in leadership support this shift, as shown by Müller, Drouin, 
and Sankaran (2021). They identified a trend toward more trust-based and 
democratic leadership approaches in projects over the last decade. They identified 
two recent project-specific leadership approaches that would also support AI settings. 
The first is horizontal leadership, the appointment of a temporary leader from the 
team by the project manager to lead the project through an issue or crisis. Here the 
project manager does not only delegate the project management task but also 
subordinates to the horizontal leader for the time of the appointment. The other 
leadership approach they identified is balanced leadership, which is the dynamic, 
temporary, and alternating transition between different leadership approaches, such 
as vertical, shared/distributed, or horizontal leadership, for the accomplishment of 
desired states in, for example, a task outcome or the entire project. This constant 
change in leadership authority between and among the project manager and team 
members in situational contingency allows for the best possible leader at any point in 
the project.  
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Moreover, it indicates the highest levels of democratic interaction by empowering 
team members in situational awareness and trusting them to contribute beneficially to 
the project. This opens up new pathways for temporarily empowering AI-supported 
roles and leveraging their enhanced capabilities. This can be expanded into inter-
organizational networks, such as supply chains or value networks, by leveraging 
specific AI-supported roles democratically across organizational borders for the sake 
of better results in the organizations' collaboration. 

A further aspect of the socio-technical interface is ethics. Here questions like biased 
algorithms, machine error correction, privacy, or project manager replacement stand 
out. Rasmus and Tømte (2022) stress the need for transparency and suggest that 
human-machine collaboration is preferred where AI and machine-learning models 
support human expertise, ensuring improved evidence-based project decision-
making. Greiman (2020) raises ethical concerns when potentially biased algorithms 
select managers and other key personnel. This is complemented by Molloy (2021), 
who seeks to push end-users’ ethical decisions into the development stage of 
projects, thereby using a utilitarian (quantifiable) ethics framework to restrict actions 
by the system.  

The above exemplifies the range of ethical issues yet to be identified in AI contexts. 
The traditional ethical perspectives of a) deontology, which addresses the 
correctness of actions rather than their consequences, and b) teleology, which 
addresses the consequences or outcomes of actions, rather than the actions leading 
to them (Vitell & Davis, 1990), raise questions about the balance in the emphasis in 
both of them in governing ethics in AI. This is further complicated by human's attitude 
toward AI, which ranges from strong reservations to sheer enthusiasm for new 
technologies. This calls for organization-specific determination of suggested ethical 
values (e.g., which ethics to apply), and principles (e.g., human decisions override 
machine decisions), idiosyncratic for the organization and its role in industry and 
society. 

The management dimension includes the governance for the beneficial use of AI 
functions as a toolset for (project) managers. So far, digitalization has advanced 
management tools only marginally. Auth, Jokisch and Dürk (2019) promote data-
driven project management using AI platforms (e.g., from Deloitte, Cloverleaf, or 
Tara) and project management bots (e.g., from PMB, with products like PMOtto). 
However, they conclude that support tools are progressing, but no automated project 
management or replacement for project managers is available.  

Wang and Stewart (2022) address the question whether AI applications can replace 
project managers. They conclude (p.6): 

From our combination of literature review and interviews with project 
professionals, the profession of project management is described here as the 
mastery of 'hard' tasks, 'soft' skills, professional principles and ethics, 
providing a sense of community and a career booster. From analysis of the 
opinions of project practitioners with experience of adopting new 
technologies, early adoption of AI appears to be augmenting the predictive 
analysis and data sorting functions of human project managers. However, 
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these two roles lie in the hard tasks category. What separates project 
professionals from people who simply manage projects and the machines that 
might, are the principles and values which translate into project/business 
outcomes in their daily work. These are the most 'defensible' competences 
that cannot be easily replicated or substituted by AI. 

They further conclude that AI currently has an assistive role through its ability to 
process large amounts of data and simulate projects and their performance. 
However, this is a passive role, lacking ownership of any decision-making process or 
team organizing authority. Looking forward, they negate the proposition from the 
news media that AI will fully replicate the competencies of professionals (p.6),  

"Especially when it comes to ethics and responsibilities to the community of 
clients and peers. Human project managers observe professional conduct in 
their workplace and learn it from experience, a process which cannot be fully 
digitalized". 

They identify seven characteristics of professional project managers and the related 
ease of being impacted by AI. Their rank order of possibility of being impacted by AI 
is (from easily to hardly being impacted): 

1. Mastering project management knowledge and hard skills - codifiable 
knowledge 

2. Emotional value 
3. Sense of community 
4. Societal status 
5. Career boost 
6. Use of soft skills – uncodified/uncodifiable knowledge 
7. Principles and values 

For using AI at the project level, Ong and Uddin (2020) suggest mixing traditional 
tools (e.g., Monte Carlo Analysis) with AI tools (e.g., machine learning, natural 
language processing) for automated forecasting and reporting. However, automated 
project management is currently, at best, a vision. Similarly, Kier and Huemann 
(2022) identified a trend in stakeholder management from control to value provision 
by using and integrating digital tools with analog practices and actors. Other 
management-specific AI articles suggest algorithms for risk allocation in public-
private-partnership (PPP) projects (Jin & Zhang, 2011), or using blockchain for 
enhanced reliability (El Khatib, Nakand, Almarzooqi, & Almarzooqi, 2020). Yet other 
writers promote different decision-making models (Hoang, Dupont, & Camargo, 
2019) or machine learning forecasts (Natarajan, 2022). For management at the 
project portfolio level, CEMP (2022) describes a machine learning application using 
cash-flows of megaprojects to forecast their plan deviation, leading to highly accurate 
(Class I level) forecasts.  

From a governance perspective, this variety of AI approaches and their positioning 
against traditional solutions calls for the governance of AI ambidexterity (i.e., the 
simultaneous exploitation of current (AI and traditional) solutions and exploration of 
new fields for AI applications. A further aspect repeatedly raised in the literature is the 
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need to train project managers and team members early on in digital supporting tools 
so that they are ready to apply them when implemented.  

The organization dimension includes the need to restructure organizations to cope 
with the more democratic leadership styles and culture mentioned above. Examples 
include Stonehouse and Konina's (2020) work, which concluded that succeeding in 
digital transformation requires firms' organizational structures to be reorganized from 
hierarchical decision-making toward networked and team-based flexible, agile 
structures.  

These transformations have been the subject of several studies in the past, which 
showed that organizations typically increase the latitude of teams and employees' 
autonomy and decision-making authority, flatten hierarchies, and appreciate the 
employee as a whole with their creativity and self-management capabilities. 
However, this comes at the risk of eroding employees' commitments through unclear 
processes and decision-making procedures. This erosion might be counteracted by 
giving employees a feeling of group solidarity and commitment to a greater purpose. 
Hence, linking the social identity of employees with the corporate culture. This step 
might require a change at the corporate level in more traditionally managed 
enterprises (see, for example, Dupret and Pultz (2022)). 

A further organizational area of focus is the governance of the alignment of AI and 
digital capabilities with those of business partners and clients to ensure future 
collaboration. Covering one-on-one collaborations, networks, and whole ecologies of 
projects that make up a particular market. Lobo and Whyte (2017, p.93) suggest to  

(1) align the project set-up with the firm's existing capabilities; and (2) 
reconcile differing agendas and capabilities in collaborating firms across 
the project ecology. Here, aligning involves influencing the set-up of 
digital delivery and renegotiating that set-up during project 
implementation; and reconciling involves managing across multiple 
digital systems; accommodating and learning other firms' software and 
processes; and using digital technologies to create shared identity 
across the firms involved in delivery. 

Extending this, Whyte (2019) shows how digital information transforms 
project delivery models in the construction industry through new 
generations of integrated solutions and shows the broader implications for 
supply chains, the relationships with owners, operators, and end-users. 

 

Key issues 

AI grows in importance for the management of projects but impacts governance 
mainly indirectly. However, governance is accountable and responsible for setting the 
framework for management to strategize, develop, integrate, implement, and use AI 
in their daily work. 

To that end, governance has to devise a process for setting the goals for AI use in 
projects and their management, provide the means to achieve these goals, and 
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control progress (Müller, 2009). This implies the development of an AI strategy that 
integrates a) existing technology and processes, b) strategic objectives of the 
organization, and c) short and long-term AI solutions supportive of these objectives. 
This strategy is critical in avoiding a growing jungle of independent AI islands that can 
hardly be controlled and are expensive to maintain. 

Another factor underlying this strategy is the decision on the scope of AI. Does the 
organization simulate what others do, carefully develop a minimum AI environment 
tailored to their idiosyncratic needs, or strive to become a leader in using AI in project 
management? 

Linked to that is the decision about the organization's targeted level of automation 
through AI. For example, the automotive industry distinguishes between five levels of 
automation (Christensen et al., 2015): 

Level 0: No Automation  

Level 1: Assisted Driving Automation (e.g., cruise control) 

Level 2: Partial Automation (e.g., self-parking) 

Level 3: Conditional Automation (limited automated driving functionality under 
certain conditions) 

Level 4: High Automation (fully automated driving technology functionality in most 
conditions) 

Level 5: Full Automation (require no involvement of humans) 

In levels 1 to 4, the user controls automation. Hence, the driver must intervene when 
needed. Only level 5 grants full automation to the system. The AI strategy should 
provide similar guidelines (see the section on the socio-technical governance 
dimension above). As such, an AI strategy should include a roadmap with related 
automation levels and their timing for implementation. 

In determining the targeted level of automation in project environments, many 
aspects must be balanced. These include the risk of project failure and its 
consequences when using AI, the AI applications' balance between providing 
functionality and internal risk of failure (e.g., the probability of making the 'right' 
decision in a spectrum of circumstances), or the risk of collaborative failure (e.g., 
when all or many AI applications interact with each other). While these risks can be 
addressed quantitatively, other issues might only be addressed subjectively. These 
include employees' attitudes towards their new roles, the AI application they work 
with, and their authority over the machine (or vice versa). Social impacts include 
reputation, professional and social status, and so on. Hence the determination of the 
targeted level of automation is idiosyncratic for every organization and must be 
carefully worked out by their managers and governors. 

Independent of the level of automation, several general aspects of decision-making 
automation should be considered. Such as laying the basis for automated reporting 
and data collection by 
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• Mapping of current measures against needed measures 
• Identification of relevant data in the system 
• Building of a prototype 

This might be followed by setting up decision automation by: 

• Categorizing decisions by severity (impact on business, ethics, HR, etc.) 
• Defining the type/level of control for each decision category 

While simultaneously developing ethics policies for automated decision-making, for 
example, by: 

• Developing ethics principles 
• Identifying thresholds and actions 
• Developing implementation guidelines 

As mentioned before, these are generic steps that need to be tailored and expanded 
for each organization.  

  

Critical success factors 

The above discussion indicates a potential benefit of using an ambidextrous 
approach to implementing AI in project management.  

This implies the simultaneous development of an overall AI implementation strategy, 
as discussed in the section above, while inventorying the existing tools and practices 
to identify 'low-hanging fruits' for quick implementation. These identified AI solutions 
should fit well into the overall strategy. This approach allows building the AI 
infrastructure simultaneously top-down while gradually expanding it bottom-up.  

This approach allows learning and experimenting with different AI implementations 
within the scope of the overall strategy, training of personnel, and adjustment of 
governance and management structures, roles, and processes to emerging needs.  

 

Potentials & Scenarios 

The governance of the development of an AI strategy and its implementation requires 
answers to a number of questions, including: 

• What level of AI 'maturity' is emerging in the organization's marketplace, and 
what is needed to stay competitive? 

• What is the ambition level for AI, and how does it link to the strategic 
objectives of the organization? 

• What current practices, processes, tools, etc. exist in AI and traditional 
techniques? 

• How can existing levels of AI and traditional practices migrate to desired future 
levels? 

• Which practices should 'start small and scale fast' for economically 
implementing AI? 
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A series of interviews with managers of different (but AI-related) parts of the 
organization is suggested to answer these and further questions. A workshop should 
follow this to analyze the collected data for the first skeleton of an AI strategy. 
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PROJECT EXECUTION MODELS IN INDUSTRY 4.0 

Focus on data exchange and sharing 
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Chapter summary 

The sharing of data in collaborative networks is an important prerequisite for the successful 
implementation of Project Management 4.0. Data sharing in projects is not a neutral act but 
must be understood as an ongoing and dynamic process of social negotiation. Control is 
integral to Project Management 4.0 but also to the dialectic of openness and closedness. The 
mere pressure can limit the willingness of project members to share data. In literature, five 
barriers for sharing data in interorganizational projects have been found; data silos, data 
hoarding, risk-aversive culture, lack of data quality and lack of common ‘language’. To 
overcome these barriers Project Management 4.0 needs to limit how and what data is shared 
in projects. To do so the concept of enclosing can be useful, which entails the situational 
exchange of data among pre-selected organizations via a bounded platform.  

 

Problem statement: Data sharing is vital for Project Management 4.0  

Organizations are increasingly involved in interorganizational projects to facilitate societal 
processes of change and innovation. Solving these complex societal challenges demands a 
high quality project management, in the literature suggested as the Project Management 4.0 
approach (Cerezo-Narvaez et al., 2017). This approach aims to create societal value by 
integrating principles from advanced research in technology and industrial automation in 
project management. In Project Management 4.0, “the existence of collaborative networks are 
encouraged, increasing the exchange of knowledge, both horizontally and vertically, so that 
channels are created to identify improvements, problems, errors and solutions, linked directly 
to the final product or service” (Cerezo-Narvaez et al., 2017: 488). To do so, sharing of 
information and adopting digital technologies are perceived to be important prerequisites for 
Project Management 4.0 (Parviainen et al., 2017).  

The sharing of data among organizations is promising to streamline work practices and 
processes in interorganizational projects (Yoo et al., 2012). Interorganizational projects are 
groups of firms that interact to coordinate their efforts for a complex service or product during 
a finite period of time (Sydow and Braun, 2018). Actors from different organizations bring along 
different values, standards, languages and practices which shape and are shaped by the 
interorganizational context, which may give rise to disagreement, discord and power struggles 
between project actors (Van Marrewijk et al., 2016). Often, such contexts are characterized by 
an absence of a clear hierarchical organizational structure while their change dynamics are 
not yet well understood (Cropper and Palmer, 2008). Therefore, data sharing in 
interorganizational projects can be understood as an ongoing and dynamic process of social 
negotiation. 
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Data sharing, data management and the regulation of data ownership are crucial 
practices of organizing in projects. The quest for sharing data is aided by the rise of 
digitalization and new technologies (Christensen and Cheney, 2014) that put more emphasis 
on data, databases, and data processing systems in organizations. Compared to the 
ownership of physical assets, the ownership of data is still relatively new and more difficult to 
grasp in objective ways; “there is the temptation to view information as having the status of an 
objective, thing-like entity, and as existing independently of human agents” (Tsoukas, 1997: 
832). There is a risk that by project actors understand information as a stand-in for the real-
world. For example, this is the case of digital twins, which is a real-time virtual representation 
of a real-world physical twin. Paradoxically, the more information we receive, the less we fully 
comprehend the complexity of the real-world (Tsoukas, 1997).  

 

Data sharing for stage gate reviews 

Data sharing can facilitate stage gate reviews, which are structured milestones that offer 
options to recycle back, to continue, or to cancel/postpone projects  during their design process 
(Barshop, 2016). The goal of the gate review process is to focus on most important investment 
opportunities, to maximize value and to control financial and reputational risks. There are at 
least three gate reviews built into the approval process to give sponsors the flexibility to stop 
or recycle a megaproject. In the first gate review the robustness of the business case is 
assessed. The second gate review evaluates if all scopes are completed, if the scope can be 
closed and prices the project. The third gate review is authorization in which the sponsor 
evaluates if the project is ready and prepared for execution and then gives its full commitment 
to the funds needed. These reviews ensure “that only the highest-priority projects are funded 
and that spending on projects that will ultimately not go forward is stopped at the earliest 
possible time” (Barshop, 2016, p.121).  

 Data sharing during stage gate reviews is not unproblematic. First, 
organizations often do not share interpretations and standards about the context, content, and 
meaning of data. Therefore, “openness needs to be assessed in the light of its accompanying 
– or even required – forms of closure” (Dobusch et al., 2019: 344). Control is integral to the 
dialectic of openness and closedness in which organizations must find a balance, by 
“determining, for example, what, how and when to disclose” (Christensen and Cheney, 2014: 
80). As such, predetermined procedures and grounds are required to organize and enable 
openness in interorganizational contexts. Second, even if there are predetermined gate 
reviews, data sharing in the first two gate reviews is often conducted with less rigor and 
discipline than the third gate review (Merrow, 2011). Decision-makers may enlarge their 
commitment to previous decisions, despite the adverse outcomes, in order to avoid admitting 
past mistakes (Staw, 1976). Alternative courses of action are then no longer feasible in lock-
ins due to high costs for switching or stopping, the sunk costs that already have been spent, 
and the possibly monopolistic position. Therefore, decision-makers may be committed in a too 
early stage of the design process making them unable to revise the decisions regarding its 
features. 

 

Scientific evidence: data sharing between infrastructure operators  

To shed light on how diverse organizational actors share data and cope with the openness 
paradox Van den Ende and Van Marrewijk (forthcomming) investigated data sharing within 
and among six main infrastructures operators in infrastructure projects. Operators responsible 
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for the smooth functioning of infrastructures, such as roads, railways, airports, harbours, 
electricity and water, are under institutional pressure to share data to enhance the integrated 
design, functionality and interdependency of infrastructures. Sharing data will enable these 
operators to manage their infrastructural projects in the ‘smartest’ way by providing data-driven 
innovations and unconventional solutions. Van den Ende and Van Marrewijk (forthcomming) 
found five different barriers to data sharing; (1) fragmentation of data systems into silos; (2) 
the accumulation of information over time; (3) risk-aversive organizational culture of 
infrastructure operators; (4) data is of low quality and data management is still in its infancy; 
(5) common standard concerning data semantics, or according to what standard the data 
should be defined and interpreted is missing.  

Although data management is gaining increasing importance in construction and 
infrastructure projects, these five barriers prevent organizations to easily share data for gate 
reviews in Project Management 4.0. Organizations must find a balance in the dialectic of 
openness and closedness by enclosing how is shared in an interorganizational setting. Data 
sharing is enabled through enclosed data sharing platforms that have been collectively 
negotiated and, eventually, agreed upon. Platforms can serve to mediate data sharing and 
manipulate the space where data is disclosed and accessed. When such exchange is highly 
restricted and mitigated by a legal framework, data sharing platforms can serve as temporary 
trading zones which are necessary to develop a data-based ‘interlanguage’ in 
interorganizational projects, though do not necessarily flatten hierarchical structures as 
suggested by Yoo et al. (2012).  

Since data can be essentially anything, organizations need to enclose the kind of data 
that they want to share. Data that is commercial, sensitive or important for securing an 
organization’s competitive advantage are not likely to be shared (Laursen and Salter, 2014); 
not to mention the formal, judicial disclosure policies which prohibit actors from doing so. 
However, logistic, or operational data are more likely to be shared as these are less sensitive 
and important. For example, in the field of spatial informatics ‘linked data’ is recently being 
utilized to combine geographical data from different infrastructure operators to create 3D maps. 

Van den Ende and Van Marrewijk (forthcomming) found how organizations can 
overcome these barriers; by clarifying what kind of data is allowed to be shared and 
transferred, in what situation, and with whom (see Table 2).  

Enclosing data 
sharing 
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Use a platform 
to share data 

Enclosed data sharing platforms are neither completely open nor 
closed, for situational and goal-specific data sharing in a select group  

Limit 
membership 
 

It is important for infrastructure operators to be very selective in 
terms of who is permitted to partake in a data sharing platform as too 
many participants can form a barrier to the workability of the platform 

Standardize 
data sharing 
format 

Infrastructure operators must work towards a common standard so 
that all stakeholders can share an understanding of the data that is 
shared among them 

Simplify data 
sharing model 

Data sharing models that are too complex do not work well because 
they have low usability. Therefore, the model must be simple and 
user-friendly 

Link data Linked data allows organizations control over their own databases, 
and enables them to share the necessary data and to test the 
accuracy of the data 



54 
 

Practitioners report R&D Project – Final 15th December 2022  
 

Table 2. Framework for enclosing data sharing (adapted from Van den Ende and Van 
Marrewijk, forthcomming)  

 

Key issues for successful data sharing 

The study of Van den Ende and Van Marrewijk (forthcomming) names key issues important 
for implementing Project Management 4.0. First, the sharing of data is not the same as a 
shared interpretation and understanding of that data, because “the terms of interpretation are 
contested” (Tsoukas, 1997: 834). Experts consider raw data for stage gate reviews as 
meaningless and open to multiple conversions and interpretations before it is translated into 
usable information and knowledge, rendering it situationally and contextually meaningful. How 
data should be converted according to a predefined standard or set of rules negates an 
objectivist understanding of data. Such standards are often locally defined by expert systems. 
Decision making is thus based upon human interpretations and conversions of data shared 
around stage gate reviews.  

Second, data management is considered by experts as a painstaking task, because of 
the overwhelming quantity and myriad meanings of data. The practice of bypassing the first 
two stages of the gate review process is example of this. Data “can be simultaneously 
transparent and opaque” because much of it “remains unseen and unprocessed” (Birchall, 
2011: 9). Therefore, sharing data requires formalization and policy-making by “clarifying which 
[data] will be shared with whom at what point in time, as well as which [data] will not be shared” 
(Dobusch et al., 2019: 364). 

Third, there are manifold barriers to share data, a lack of urgency and priority of 
optimizing internal management. Furthermore, sharing data intensifies an organization’s 
vulnerability towards the management, ownership and security of data. Therefore, it is 
unrealistic to assume that openness regarding data sharing in interorganizational projects will 
automatically result in data sharing. The main implication is that openness of data produces 
and requires forms of closure.  

Concluding, data sharing in interorganizational projects to facilitate stage gate reviews 
are best being organized with the concept of enclosing. This entails the situational exchange 
of data among pre-selected organizations via a bounded platform. Given the infancy and 
difficulty of data sharing, we propose to reconceptualize data sharing as a social process rather 

Legally require 
data sharing 

Data sharing can be facilitated by making it a required part an 
(inter)organizational process by e.g. by devising a legal framework 
that defines how the data should be shared 
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Share only 
necessary and 
functional data 

Open data or sharing all data is something infrastructure operators 
do not agree with or aim for. Rather, it is about sharing the functional 
data that is needed. For some transactions, data sharing might not 
even be needed 

Share spatial 
and 
geographical 
data  

Sharing spatial and geographic data is accepted as this is useful for 
visualization, such as enabling the creation of 3D maps to show how 
extant infrastructures are constructed 

Share goal-
specific data 

Data sharing should be aimed at reaching a specific goal. In that 
way, only the data that is needed to reach that goal is shared 

Share project-
specific data 

Resonating with data sharing to reach a goal, agreeing to share data 
within the confines of a project is advised  
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than as an objective fact. Data sharing is a reciprocal exchange in which commitment and 
willingness to give and mutual trust are needed to exchange data in an interorganizational 
context. 

 

Brief abstract for final chapter 

The sharing of data in project networks is an important prerequisite for Project Management 
4.0. However, data sharing is hindered by diverse organizational barriers. To overcome these 
barriers the enclosing of data is needed, which entails the situational exchange of certain types 
of data among pre-selected organizations via bounded platforms.  
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Scientific Chapter No. 4 

How to organize Energy Projects in Industry 4.0? 
 

by Anne Live Vaagaasar  

Scope of work theme 

• Impact of AI on project organizing  
Links & interaction to other Scope of Work themes  

• Project 1: I4.0 Transformation into the project environment & Next Gen PEM 
• Project 2: Impact of AI & digitalization on decision making 

 

Chapter summary 

This chapter addresses how the massive digitalization present in I4.0 affects project 
organizing. Integration, the most salient characteristic of I4.0, is a game changer because it 
disrupts the project life cycle thinking as a bases for project organizing. At the present the 
possibility of, and demand for, integration of data, knowledge and taskwork across project 
phases and organizational boundaries increases rapidly. This development creates changes 
in relationships throughout the value chain and allows for potential interoperability. Therefore, 
integration has profound impact on key aspects of project organizing, such as organizational 
design, coordination, and the development and enactment of relevant roles in projects. We 
map out these key aspects in the age of integration, point to important knowledge gaps that 
requests further research, and make suggestions about how project-based firms can develop 
a multi-level strategy and practices to exploit the inherent potential for efficiency and efficacy 
that the present digitalization offers.  

 

 

 

 

Problem statement 

We are currently in the beginning of I4.0., and the passage from the third to the fourth industrial 
revolution is considered particularly dramatical, or in the words of Schumpeter (1950) 
“creatively destructive” (Cunha et al., 2022). This is due to the possibility for integration that 
comes with I4.0 – where integration becomes a complete game changer for the flow of 
information, knowledge, and numerous work processes, including the organizing and 
governing of projects. For some time, we have acknowledged that technology and AI affect 
project-based organizations and project processes by offering, for example, predictability in 
estimates, calculations, forecasts, enabling decision making processes, and forms of 
communication. However, we still know very little about how these technologies will change 
the way we organize and govern projects more profoundly as they connect systems of 
systems. We do not know what happens to key aspects of project organizing when data, 
knowledge, and task work get integrated across traditional boundaries between project 
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phases, firms, and value chains (Lobo & Whyte, 2017). How can we then design organizational 
structures and process that enable efficient project operations? And, how can we coordinate 
knowledge and task work most efficiently when boundaries collapse? Moreover, what are the 
professional roles and competencies required to enable successful project execution and 
unleash the inherent potential of I4.0? Currently, our knowledge of salient issues for functioning 
organizations such as organizational design, issues of coordination, and roles, is far too limited 
for playing the new game efficiently and ethically.   

 

The status of AI and project organizing  

Technologies have gradually come to play an important role in project management and 
execution over the last five decades, and it has become widely acknowledged that AI can aid 
project processes. The relationship between technologies and project management can be 
summarized the following way:  

 

Table 1, The development of the relationship between technologies and project management 
(Whyte et al., 2023).   

As shown in the column to the left, new hardware and software (like robots, digital twins and 
other software that include real time data) offer new capabilities that tap into processes of 
organizing and managing projects providing project management with the potential of, for 
example, data driven decision making and resilient platforms. We can distinguish between six 
domains of project management, as outlined by Auth et al. (2019), where AI is commonly 
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applied; problem solving, knowledge representation and deduction, machine learning, 
communication, perception, and recognition, and finally robotics.    

  

 
 

Despite these contributions of AI to executing and managing projects, I4.0 remains more of an 
abstraction than true implementations in the context of projects. That is because the 
integration, i.e. the tendency of systems becoming inter-connected, is only slowly progressing 
and is still limited (Zheng et al., 2021). In general, when we talk about I4.0 we talk about 
changes in work processes related to the use of the following four technologies (Lanzolla et 
al., 2020):  

• Efficiency technologies (“cloud”)  

• Connectivity technologies (5G and IoT – the Internet of Things)  

• Disintermediation of trust technologies (Blockchain)  

• Automation technologies (big data and artificial intelligence) 

All four technologies offer possibilities for integration and contribute to make integration the 
most outstanding characteristic of I4.0. In projects, however, technologies are typically 
conceived as singularly focused point solutions, leaving the potential of the Internet of things 
(IoT) as an ecosystem spanning and integrating technologies and actors under-exploited 
among practitioners (Erntsen et al., 2021). Research tends to reflect the same narrow focus 
when studying the relationship between information management technologies and organizing 
of projects, exploring this relationship within specific stages or practices in project delivery. 
Such studies provide only limited knowledge as they do not reflect the impact of integration 
across boundaries (stages, practices, firms, systems).  

As systems become interconnected, organizational actors with variable characteristics need 
to share and exchange data in creating goods and services. This generates new production 
structures where different companies can supplement each other’s functions and one can aim 
for interoperability throughout the production chain (Whyte et al., 2023, forthcoming).  
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What does integration mean to understanding project organizing? Painting with a wide brush, 
it disrupts the core principle underpinning classical approaches to organizing and executing 
projects; the whole idea of the project life cycle. Project based organizations within upstream 
oil and gas sector have for decades based their principles for organizing and governing 
projects on the idea of the linear project life cycle model. The life cycle model, based on the 
key premise of the temporal nature of project (Morris, 1994; Lundin & Söderholm, 1995), aims 
to capture the expected progression of the project from its’ beginning to its’ end through a set 
of designated phases succeeding each other. Project tools and artefacts, such as plans and 
project schedules, commonly make representations of this as a linear journey where key 
project processes and governance activities take place (McGivern et al., 2018). The 
assumption is that the life-cycle starts with a concept stage, followed by a development stage, 
an execution stage, and finally the termination stage, and that looking at the nature of the 
activities within the different stages, provide guidelines for organizing project activities (Lundin 
& Söderholm, 1995). The most well-known road map for organizing and executing projects 
based on the idea of the life-cycle is the Stage Gate project execution model by Cooper (1994) 
(see chapter by van Oorschot).  

Acknowledging the significance of integration and the following disruption of the life cycle 
model as a guiding principle for organizing and governing projects, calls for research on project 
organizing that take a broader focus looking across the project stages. One must consider all 
the stages at the same time, and explore how they are rearranged, integrated and transformed 
due to the increasing interconnectedness offered by digitalization (Whyte et al., 2023, 
forthcoming), and, in particular, try to understand changes in supply chains and relationships 
between projects, owners, operators, and end users. There will be changes both in how these 
actors relate within digital flows of work in projects, and the analytics and knowledge they 
include and share doing this work, that we are currently not grasping the consequences thereof 
(Whyte et al., 2023, forthcoming).   

Following from the above, the capability to integrate has become a core capability of firms over 
the past two decades (Xu, Xu, & Li, 2018). Project based firms must develop themselves to 
efficiently deal with; horizontal integration, vertical integration, and end-to-end integration (in 
particular efficiently handling real-time integration of data to ensure production and to handle 
end-to-end coordination of activities across the industrial ecosystems). Further research is 
needed to understand the characteristics of these forms of integration in project-based firms, 
and how integration capabilities, including the relevant roles and practices, can be developed. 

 

Key issues: Organizational design, coordination, and roles   

Next, we will look at three interrelated main issues of project organizing in I4.0; organizational 
design, coordination, and roles.   

Organizational design  

Establishing an organizational design is the process of identifying and designing the 
organizational structure (i.e. rules and resources (Giddens 1984), in terms of mapping out:  

- different areas of accountability and responsibility 
- role descriptions that align with the areas of accountability and responsibility 
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- map out the interfaces between the areas and outline how interfaces can be 
coordinated  

Scholars and practitioners acknowledge that organizational designs will have to change and 
are changing as a response to the opportunities and demands of the 4th. industrial revolution, 
yet our knowledge of how or organizations need to change and what they need to change is 
limited (Mikalef et al., 2019). There is an urgent need to develop organizational designs and 
models to support the digitalization as there is no clear or unified idea about an organizational 
design model for I4.0 (Maimone, 2022). Searching for empirical studies on organizational 
designs in projects and project-based organizations in I4.0, we have not been able to find any 
research exploring this specifically. However, widening our scope, searching for empirical 
evidence on what has happened to thw organizational design in companies that are at the front 
of implementing AI, we can learn that it has led to (Shaba et al., 2019):   

- increased employee autonomy  
- the individual will perform significant, team based and lezz formal jobs 
- great employee development to meet the need for competencies related to 

digitalization and integration  
The same aspects, we think, will be important in project organizing in I4.0. Shaba et al., (2019) 
further describe how organizations that have implemented I4.0 technologies are commonly re-
designed, moving from a highly hierarchical to a flatter organizational structure, including 
leaner processes – also when it comes to decision making. Interestingly, Whyte et al. (2023, 
forthcoming) echoes this in their reflections on how to deal efficiently with the emerging and 
increasing digitalization; flatter organizational structure, lean decision-making processes, and 
more agile project management approaches characterized by: 

- shortened planning horizons 
- extensive involvement and communication with stakeholders 
- integrated use of digital technologies 
- the entire project delivery team being sufficiently consciousness about the solution 

applied to warrant that this solution is integrated, in a manner that enables 
automation of the overall project delivery process.  

In sum, in the volatile environment we are currently experiencing it is salient to handle the 
balance between stability and flexibility when designing organizations (Sinha & Van de Ven, 
2005). In designing future oil & gas projects it will be a  key challenge to combine a few more 
traditional stage gates (the most critical ones) with a flatter and leaner structure that includes 
integrated project deliveries across the traditional organizational boundaries and phases. One 
should map out the what the most critical stage gates in such large capital investments are, 
and how these can be combined with active involvement of decision makers for example 
through regular sprint reviews in-between gates.  Managing to combine these efficiently, would 
mean faster, incremental decision making that leads up to the formal decision gates.  

Coordination: A key issue in organizing  

It can be immensely challenging to fit and combine the great number of components, including 
knowledge, in large and complex projects with inherent emerging uncertainty. This makes 
coordination a key issue of project organizing. The concept of coordination refers to how actors 
synchronize, align, and adjust their actions and resources to complete their interdependent 
tasks (Gulati et al., 2012). Coordination mechanisms such as procedures, routines, roles, 
meeting series, and co-location of actors are commonly applied to enable the emergence of 
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important conditions for achieving coordinated outcomes: accountability, predictability, and 
common understanding. Accountability refers to the question of who is responsible for specific 
parts of a task, making responsibilities clear. Predictability refers to the anticipation of which 
subtasks make up larger tasks and the sequencing of the tasks to be undertaken. Common 
understanding refers to a shared perspective about a task and how the task work of each 
individual fits within this shared perspective. These three conditions, acting in concert (both 
supporting and substituting one another) are vital for coordination as they address the 
demands that people face when engaging in efforts to integrate their interdependent work 
(Okhuysen & Bechky, 2009).  

Therefore, we need research that increases our understanding of how to develop and maintain 
accountability, predictability, and common understanding efficiently across the value chain of 
a project as the flow of digital information changes how actors relate, as well as the analytics 
and knowledge they use and share. We don’t know to what extent it will be more or less 
challenging to enable these conditions and achieve coordinated outcomes, and what role 
digital tools will play in this. One may speculate that digital tools could enable predictability in 
processes, but also make accountability and common understanding more challenging – due 
to massive increase in data and knowledge along with requests for leaner decision-making 
processes.  

Again, we have not found research exploring coordination across the project value chain in 
I4.0 However, we do find guidance in Whyte and Davies’ (2021) considerations on how to 
integrate constituent parts across organizational boundaries in projects characterized by 
emerging uncertainty and complexity. Whyte and Davies (2021) draw on system thinking, 
which they reframe as a flexible and adaptive process within and across technological and 
organizational boundaries. They make the following three important points:  

o Coordination is a continuous process. Acknowledging emerging uncertainty and 
complexity in processes, one need to avoid the common pitfall of outlining 
structures/processes for coordination at the project outset and believe coordination to 
be fully attended to and achieved. Rather, coordination is continuous work (an ongoing 
achievement) throughout the project execution.  

o Efforts of coordinating should always include both the technological and organizational 
aspects, and these aspects must be addressed together. One must avoid the common 
pitfall of dealing with such processes sequentially – assuming that they will come 
together and align in the future.   

o Coordinating under conditions of emerging complexity and uncertainty calls for a 
capability to balance the coordination of components and disciplines at any specific 
point in time, with the succession of several courses of dynamic developments over 
time. Such a balancing act entails a recursive relationship between centralized 
decision-making that enables coordination of work and planning of systems integration 
and local practices. Local practices emerge as actors at different localizations must 
deal with uncertainty and complexity. 

Based on the insights of Whyte and Davies (2021) it becomes important for project-based firms 
to figure out how they can develop appropriate coordination processes relative to their project 
portfolio) that balances the system for centralized decision with relevant local practices by 
considering:  

o What are the structures of systems integration (that include interfaces, buffers, roles, 
and responsibilities)? 
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o How to determine and attend to appropriate systems integration activities such as 
cooperation, questioning, future making, and managing change? 

  
It has also been suggested that project-based firms could benefit, in terms of increasing their 
integration and coordination capability, and flexibility in operations) from structuring parts of 
their project portfolio around multifunctional teams composed to implement projects and link 
the teams in a form of a result-oriented community (Hamel & Zanini, 2020) where information 
technology connects the teams (Chuna et al., 2022). Then coordination will be mostly 
horizontally structured (rather than vertical) in what can be called wierarchical networks. “The 
wirearchy is a circuit of power relations in which power and authority flow dynamically, in any 
direction, based on knowledge, trust, credibility and a focus on results, all enabled by 
interconnected people and technology” (Chuna et al., 2022).  

 

Key roles, competencies, and capabilities  

I4.0 represents new challenges for PM practitioners requiring them to develop their behavioral, 
technical, and contextual competencies. We can expect to see new competency requirements, 
new responsibilities, and new tasks to be handled in I4.0. We can also expect these aspects 
to be combined into roles, as roles are important tools in organizing. Business roles/project 
roles are positions that hold a certain set of responsibilities. At the present, we know little about 
the how the classical project roles will change and/or disappear and what new roles we typically 
need in highly digitalized projects. The following ‘new’ professional roles have been proposed 
as important in I4.0 project organizing (Edkins et al., 2017): 

- ‘Elite problem-solving professional’ with the capability specializing in project tasks 
that cannot or ethically should not be automated. Need skills in human-based creative 
Interfaces.   

- ‘Integrator of technologies professional’ with skills in sensors and analytics. 
- ‘Audit and verification professional’ checking machine algorithms have been 

applied properly with skills in meta-data accountability.    
- ‘Integrator professional’ working on horizontal, vertical, and end-to-end integration of 

activities across the industrial ecosystems. Need skills in jointly addressing 
technological and organizational issues.  

- ‘Creative professional’ unlocking potential and improving the efficiency of the projects 
results with skills in designing and digital business processes.  

- “Knowledge generator professional’ with the skills to process information from data 
to knowledge.   

At the present we know little about the ‘new’ competencies and skills required for efficient 
participation in future projects. We have pinpointed the profound impact interconnectedness 
will have on future projects, and different roles holding responsibility for various forms of 
integration will probably be found in future projects (as the roles outlined by Edkins et al., 
(2017) also reflects). Therefor, we need to map out empirically the most important forms of 
integration, and what the responsibilities and competencies that align with these forms are, in 
order to systematically develop the new project roles. For example, it has been suggested that 
integration across organizational boundaries in project requires three forms of capabilities 
(Saukko et al., 2022):  a)  Administrative, organizational, and contractual integration capability, 
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b) Behavioral and relationship-based integration capability, c) Technological and process 
integration capability.  

At last, project scholars considering what the sought for skills and competencies of managers 
and project staff members more generally are in our near future, have pointed to the 
importance of high people skills, high capacity for analytical thinking and reflection, creative 
skills combined with flexible mindsets, and high capacity to change and develop (Edkins et al., 
2017; Walker & Walker, 2019; Chuna et al., 2022).  

 

Critical success factors 

Project-based firms must actively engage in developing relevant strategies to materialize the 
potential benefits of I4.0. and to accomplish successful projects in I4.0. We recommend they 
systematically develop a multi-level strategy for enabling integration practices within the value 
chain within and across projects. In doing so, we recommend starting with the following areas:  

- Integrated solutions technology: Recurrently and systematically map out relevant 
integrated solution technologies, evaluate their usefulness to the firms’ project portfolio, 
and develop implementation strategies accordingly.  

- Relationships – systems and actors: Map out various possible interconnections of 
systems, the benefits and challenges of connecting various systems, how these 
benefits can be realized, and the challenges coped with. Recurrently and systematically 
map the changes in supply chains and relationships between owners, operators, and 
end users from the perspective of digital flows of work, analytics, and knowledge.  

- Roles: Map out what are the specialist areas needed in the I4.0 projects, the key 
accountabilities and responsibilities related to those areas, and the competencies 
required to enact these roles. Based on the results of this mapping: Change role 
descriptions, train actors to enact the roles identified, and train interface management. 
Develop clarity about how and what needs to be controlled and who should control 
what. This means clarity in when there should be centralized or decentralized decision 
making, and the balancing between systems, structures, and local practices. Identifying 
critical decision gates and decision gates practices and implementing them in 
combination with leaner decision-making processes in between gates, is part of this.  

- Practices of Integration: Carefully outline and test integration practices that balance 
central structures with local actions to become leaner and to enable coordination, while 
one also maintains the overall control. It should be considered whom should coordinate 
with whom and how coordinated outcomes can be accomplished. Also, processes and 
capabilities for managing three key forms of integrating must be developed:  

 horizontal integration 
 vertical integration 
 end-to-end integration across the industrial ecosystems).   

The development and implementation of such a multi-level strategy to unleash the potential 
benefits should situated in a broader understanding of how the increasing digitalization boosts 
current trends in project organizing at macro and micro level. At the macro level things get 
more connected in the sense that projects are executed in the form of project networks 
(DeFillippi, & Sydow, 2016). We also see that the nature of these networks tends to be more 
global (Walker & Walker, 2019). Another trend in project organizing, at micro level, as 
digitalization becomes more pervasive, the people working in projects increasingly experience 
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project work in virtual and hybrid teams, engage using virtual collaboration tools (like BIM in 
construction, Trello for collaborative project management, as well as virtual platforms like 
Teams etc. (Collbert et al., 2016), and more often experience the man-machine/robot 
collaboration (Walker & Walker, 2019).  
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Abstract 

Digitalisation influences organisations’ structures and culture. We lack full understanding of 
these influences. This paper holds a mix of philosophical wondering and literature-based 
elements of knowledge. We find that most organizations have limiting structures and 
restricting cultures that will need more than digitalisation to reach the “friction free” ideal. 
Among major consequences identifies are supply chains working as loosely coupled 
networks (“connected value networks”), integration and new understanding of being a 
“partner”, and new roles and responsibilities. Not least will the role of standardization become 
more critical as illustrated by ISO 1950. Further, the consequences will go far beyond the 
projects and the organization itself. It will influence its relationship to a multitude of 
stakeholders. The organisational design may blurry or even remove the distinction between 
projects and business as usual. It is also important to be aware that digitalisation can be 
utilized to improve how the organisation can be organised. This consciousness must not be 
confused by the how the organisation uses digital solutions. Digitalisation is a tool for 
organisational development at project, company and industry level. Continuous 
improvement, however, will not go out of fashion and the paper concludes by identifying a 
wide array of potential areas for improvement.  

 

Introduction 

Digitalisation is the necessary step before a complete digital transformation of the business is 
possible. Digital transformation means all sides of the business is fully integrated with 
technological solutions, fundamentally changing the way the organization delivers value to 
customers and stakeholders. Krokan (2015) claims that this may create a “friction free 
society”. In the context of this paper digitization means the business model and project 
execution models are based on fully utilizing data across organizational borders to achieve 
optimal results for the single project. It requires that the mindset for sharing data is in place 
among decision makers and operators. A relevant discussion will be whether (or when) these 
presumptions are realistic.  

The presumptions would be challenged if (when) digitisation is able to reduce the friction 
between actors taking part in the project. Friction is created by barriers and other challenges 
in organizational interfaces. One example of such friction is opportunistic behaviour. 
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Ishtiaque and Klakegg (2021) consequently asked whether the use of digital models (BIM) 
could reduce the space for opportunistic behaviour in a survey distributed in Norwegian 
construction industry. They found that the effect of using BIM on opportunistic behaviour was 
limited. Digital models have good effect in terms of reducing information asymmetry and 
increasing transparency related to design solutions. Current practice however has little effect 
on moral hazard. Neither is it likely that it will in the future because tools like BIM does not 
address these challenges. This small investigation into the effect of digitalisation sparked 
several ideas and thoughts that should be discussed to get closer to understanding the 
digitalisation’s effect in organisational interfaces.  

This paper includes an early version of this discussion – to be developed further. It is not 
intended as a systematic literature-based review of current knowledge, but rather a relatively 
free ranging philosophical stroll along paths we usually walk with other purposes in mind. 

Organisational consequences fall into two categories: structural and cultural. Structures 
include all formal systems and interfaces that organisations define and operate to secure 
control. Culture includes all aspects of the human side, how individuals and teams behave 
and how leadership influences this. We might look at these dimensions across organizations 
and within organisations.  

Across organizations 

Structural consequences of digitization, data sharing and streaming follows from the potential 
for working and making decisions across organizational borders/boundaries. It means the 
understanding of organisational boundaries may change. The two extremes may be on one 
hand wiping out organizational borders all together, or on the other making them completely 
transparent and permeable. Both these strategies are intended to create a “friction free” state 
of interfaces. 

Wipeout would indicate all organizations in the value chain is under one owner (is one unit). 
This would add to the global tendency of power concentration through ownership and 
financial weight. As we know – ownership has been concentrated on fewer and fewer hands 
over the last decades (Deshmukh, 2021; Inequality.org, 2022). The development of a 
“wipeout situation” in terms of projects may be driven by increasing size and complexity in 
projects – leading to the situation that only the biggest organizations may have the resources 
to make critical decisions and take on the risk associated with projects. This is one possible 
development if the initial preconditions (fully digital, sharing mindset) are not met, and current 
development continues or even increase.  

The cultural side of this development in this scenario would be a result of what culture the 
one owner wants and builds through guiding values in the organization and selection of 
leaders. The owner may over time develop any homogenous (unified) or diverse culture in 
the organization according to what is wanted – expected to best support the strategic 
direction that the organization (in reality: the owner) wants to go. Culture development in 
organisations have been on the agenda for many decades already (Hogan and Coote, 2014; 
Warrick 2017). Lately the ethical dimension of this development has been brought to the 
forefront (Nelson, Taylor and Walsh, 2020). 

Permeability would mean that organizational borders continue to exist – and that the friction 
caused by organizational borders may be reduced to a level that does not seriously obstruct 
efficiency in the organization. Professor Arne Krokan has studied this field for decades and 
published many interesting perspectives on the potential to reduce friction (Krokan, 2015, 
2018), develop new forms of learning (Krokan, 2012) and business models in the value chain 
(Krokan, 2010). If technology, legal regulations, and financial capacity makes it possible, 
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there is a chance we could see a democratization of industries in the direction of smaller, 
more diverse organisations based on small scale ownership and local initiatives.  

Even small actors would be able (and allowed) to contribute to big and complex projects. We 
have seen such initiatives in the forms of crowd-sourcing (Estellés-Arolas, and González-
Ladrón-de-Guevara, 2012) for problem solving and crowd-funding (Assenova et al., 2016) for 
financing. In projects, CII (Construction Industry Institute) works with this in the form of their 
“Operating System 2.0” where ownership as a concept changes completely (CII, 2022). 
Reduction of the friction in transactions and organizational boundaries is the goal of this 
initiative. Obviously, this development will add new complexities, but it will open for a 
scenario that can become more socially, economically, and environmentally sustainable. The 
democratization aspect lies in the potential for collaboration where many more can take part 
and make a difference.  

Culturally, this development would indicate development towards a more diverse side. 
Diversity in competence and resource access will be the very essence of a permeable 
situation. The basis for developing a multitude of highly skilled, competent organizations is 
that they are able to, and allowed to develop based on their own specialities (for example 
people, technologies or/and economic terms). However, within their own organizational 
boundaries, they might develop homogenous cultures more easily than the big monolithic 
organisations described in the “wipeout”- scenario.  

However, the development of an ecosystem of small-scale organizations will also be 
vulnerable in the sense that these smaller organisations may be easily available for buy-outs 
and a development leading towards the power concentration given that the initial 
preconditions are not perfectly met. In figure 1 we set up the simplistic framework of 
combinations of two extremes for structure and culture. The question we would like to 
investigate now is – can we recognize the position of organizations and their projects in this 
map? 

 
Figure 1 Structure and Culture Across Organizations. 

Organizational consequences across organisations  

The framework in Figure 1 sets up a pattern that begs the question: Is an owner “one” owner 
– or is it really a multitude of owners – shareholders? The topic of ownership in businesses 
and its consequences is a huge area of research, where examples show a wide array of 
aspects. Examples are business growth (Yang and Meyer, 2019), family firms (Williams, 
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1992), privatization and state ownership (Megginson, 2017), risk and private ownership 
(Wang and Hanna, 2007). Still, there seems to be no clear answer to this particular question 
(one or many). Normally ownership of a company is shared among many (shareholders). 
The one owner situation would only be relevant in case of a privately owned (personal) firm. 
Family firms for example will also be a situation with few owners, but often more than one.  

What about organizations led by one individual with a unique position – like Elon Musk for 
example (even in situations where this person does not personally own the company alone). 
You can buy stocks in his companies – but you will not have too much influence anyway. His 
position in his own companies seems undisputed and he makes most public statements 
himself. This creates an image of a “one owner” situation, but realistically, the “one owner” 
situation is very rear. Neither is the other extreme likely – the complete dissolving of 
structures and unlimited diversification may give associations to a complete anarchy.  

In public sector and in projects that influence the built environment, we are all stakeholders 
really. This gives us logical arguments to increase democratization and involvement of many, 
to move away from monolithical situations and search for the ecosystem where we can all 
contribute and have a say without everything becoming an anarchy where everything is 
hindered by friction.  

Most permanent organizations will probably be found somewhere in the blue area of figure 2 
– limited (limiting?) structure and restricted (restricting?) culture. What are the 
consequences? The questions we would like to pursue here is: How will digitization influence 
– how will it move the lines on this map? How is life in the “blue zone” – and how would we 
like it to be? In the setting of developing project management 4.0 we would intentionally look 
for arguments to open up – make the lines less clear and limiting, but still try to understand 
what forces are working within this analytical framework in a real situation.  

 

 
Figure 2 The blue zone - where most organizations find themselves. 

Floating in the blue zone can be regarded as an opportunistic approach for the organization. 
Further studies intent to clarify pros and cons being in the blue zone, versus the more 
defined positions in each corner. The opportunistic approach can be seen as a more 
dynamic approach, where development moves more around instead of aiming towards 
defined positions and directions of development.  
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What happens within organizations (corporations, companies) 

There are plenty of organizational borders within corporations and companies. One 
interesting aspect of the “within organization” perspective is that it suggests the possibility of 
a situation described in the monolithic organization with ‘one owner’ above. This “within 
organization” perspective may tell us something about what happens under “less than 
optimal” preconditions. Situations where we have organizational borders and divisions, some 
decisions are made centralized, some locally without alignment, the mindset is not perfectly 
open to share… etc. despite a possible intention to have a monolithic like, unified culture 
within one organisational frame.  

We know there is a strong will to perform mergers and acquisitions in search of higher 
performance, economic growth, enhanced profit, and other large-scale benefits. The 
underlying idea seem to be removing boundaries and utilizing resources, knowledge, 
technologies, and ideas in a system with less friction. However, the reality is that these 
intended benefits are rarely seen (Vazirani, 2012). Is the reason connected to the current 
status of digitization and the reality of data sharing?  

Within organization is a scenario where we can imagine having one owner. Experience 
shows how difficult it is to develop effective organizational structures and open-for-sharing 
cultures even within one company with an owner that talks with ‘one tongue’. We have never 
come across an organisation with completely friction-less organizational borders or a 
completely unified culture. Would it be even possible in an organisation with more than one 
individual? In theory it might be possible to implement one culture and total discipline in 
terms of following given systems and structures under one owner – but would it be a wise 
strategy? Would it lead to success or doom? 

Would success look like perfect harmony and performance? Would doom mean no 
innovation, declining business, increasingly less efficient operations?  We do not believe in 
getting there by means of submission to a dictatory force or cadaver discipline. It would not 
last. Neither have we seen lasting happiness come from pure anarchy or ‘laissez-faire’. This 
indicates that we might never find real situations like the ones indicated in the four corners of 
figure 2. Therefore, we will ask some other questions:  

• How can internal organizational borders become more permeable and with less 
friction? 

• How can internal organizational culture(s) be opened for sharing data and working 
towards common goals?  

If successful, the sharing and utilization of data will help develop both more permeable 
borders and a culture more open for data- and experience sharing, keeping the positive 
qualities of a diverse organisation. This may become a positive spiral. The prerequisite is 
finding a trigger to start the intended move in the direction we want.  

The most promising triggers may be: 

• Technologies show the potential through real life pilots. 
• Focusing on the purpose, increasing awareness of why this is so important.  

These triggers are already working some places – so we realize there will be need for more. 
What? 

• Focus and support from top leaders, obviously 
• Adequate knowledge and competence in the organization 
• Access to resources (capacity, time, and money) to realize the ambitions 
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• Developing a “we-culture” – not “us and them” within and across organizational 
borders 

• Acknowledging, measuring, and awarding good performance 
•  

This list of triggers is not supplementary, and there can of course be other triggers. Increased 
impact of sustainability is driver for change who impacts  

Another to be aspect to be aware or is the impact of small improvements over time. The 
humans limited capability really understand this impact is well documented by multiples 
studies by Hans Rosling et al. (2018). One of the impacts is that we do not understand the 
impact of our day-to-day decisions on small controllable tasks have on the uncontrollable 
totality. Motivation for change is therefore mostly based on feelings and not on facts. This 
can contribute to wrong priorities.  

An example is that 2% improvement per iteration (can be per project or year) result in 
doubling (or halving) of the result in 35 years. If we started this 2% improvement in 1987, the 
construction industry would have doubled its productivity. It would also been listed in other 
industries regarding productivity, and maybe also in improved sustainability / resource 
utilisation. The impact of 3,5% improvements is doubling in 20 years. 

Regarding innovation, it is the disruptive approach who gets most attention, in relation to 
awareness of incremental innovations. Change of an industry with complex value chains will 
therefore need to follow the incremental development – where small continuously 
improvements make the changes. This perspective is further discussed in the «Continuous 
improvement” section. Next section focuses on improved value changes as foundation for 
innovations.  

 

More detailed about the consequence for specific sub-processes 
 
The big question about the impact of digitalisation, data sharing and streaming (of data) in 
the adoption of Industry 4.0 rises many questions and will have impact in various aspects of 
organizations. In this section we will make some reflections on how digital features will 
influence a selection of sub-processes. 
 
Connected value networks 
The term value networks may have several interpretations. In this discussion we will interpret 
it as a set of supply chains with network characteristics. This means that one client might 
have several supply-chains – loosely coupled organizations with relevant resources 
(capabilities, competences, technologies, financing etc.) that might be part of one project but 
not the other. Figure 3 illustrates symbolically how we might describe value-chains and 
supply chains in a fixed state: stiff system with strong couplings between companies in the 
supply chain. This may be a rational model for optimizing production in a mass production 
setting with a ‘just in time’ ideology. It entails fixed relationships where the parties relate 
closely over time and develop/innovate together. The parties relate to each other and 
improve performance together. The parties work closely together in a fixed sequence where 
standardized formats for exchange of data makes it easy to transport data. The client defines 
the premises and sets up requirements – either you follow this, or you are out. This aspect of 
the traditional value-/supply chain logic is similar to the mono-situation described above. 
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Figure 3 Traditional value chain and supply chain logic. 

 
This traditional image of value chains has many challenges when things become more 
complex due to changes in technology, economy, society etc. The speed of change and the 
variety of requirements today makes it hard to change fast enough in a fixed pattern. Figure 
4 illustrates the new type of flexible logic where you have supply chains with network 
characteristics. This represents a huge difference from a traditional fixed supply chain. For 
each project, the owner can choose a different (sub-) supplier to make sure the best 
available competence and technology for the project at hand.  
 

 
Figure 4 Value chain and supply chain with network characteristics.  
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resources (competences, capabilities) than the traditional fixed supply chain. The couplings 
are ‘loose’ indicating that the suppliers might collaborate in one situation and compete in 
another. There are less restrictions but still binding commitment in the relationships. Studies 
of such relationships exist (f.ex. Timmer et al., 2014 and Jarvis and Samsalit, 2018).  
 
It also opens out for circular logics by accepting that the direction of the customer-supplier 
relationship varies. This may be seen as a prerequisite (at least purposeful) for sustainability. 
The customer might be supplier in the same value ‘network’. For example, a material that 
supplier 2 delivers to a client’s project at time 1 can become obsolete at time 2 and sold back 
to the supplier from the client. We see the same reversable logic in the energy sector when 
the power customer installs solar panels and are allowed to sell surplus power back to the 
grid. It is sometimes called reversable value-chains or reversible supply chains (Drljača 
2019).  
 
On the other hand, this configuration is likely to give less opportunity to operate continuously 
together in projects – to mutually optimize relationships and interfaces. This might reduce 
efficiency compared to optimal performance. 
 
It is likely that connected value networks with loose couplings will have a competitive 
strength over fixed value chains due to its ability to optimize resource access over a bigger 
span of situations and projects. This will be valuable in a future with increasing speed of 
change, technology development, organizational complexity and critical dependence on high 
levels of performance.  
 
One critical element that makes connected value networks possible is the use of advanced 
digital technology. This might over a wide range of functions – coordination technologies, 
common data access and storage, direct steering across firms in the supply chain, etc.  
 
 
Partner relations & connections 
Being a partner might not mean the same thing as it used to1. For many, being a partner 
intuitively has a long-term implication – a perceived obligation and an accompanying right. In 
delivery models associated with alliancing or strategic partnering. Today, this long-term 
implication is no longer necessarily true. In Norwegian infrastructure projects and building 
projects partnering for a single project has become a usual delivery model over the last 20 
years. In terms of delivery model (structure) it still does not have a standardized format or 
contract associated with it. There still is work that needs to be done to complement the 
current situation. In terms of practical organization and culture development, the partnering 
approach is farther developed and seemingly reasonably successful in Norway (Bråthen et 
al., 2020).  
 
However, the development may go much further. The digital technology has the potential to 
define new forms of connections and change relationships. It might change the way we think 
about who partners are – and what it means to be partners. The nature of connections may 
change and become much less rigid. The use of social network platforms to rapidly organize 
stakeholder groups is one example of how this might influence relationships between 

 
1 What does partnering mean in different settings? What is beneficial in what situations? What procurement 
process and award criteria will give access to the right resources? One might need to develop contract 
standards for different contexts, based on knowledge contribution and awareness of effects.  
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different organizations. As indicated earlier, both crowdsourcing and crowd financing are 
already established and works in our industry.  
 
The development in social media illustrates It is no longer obvious who has potential power 
to influence decision making. Based on their current interest – those parties that was your 
partners yesterday might join an opposing group of stakeholders tomorrow. Combined with 
more loose couplings in network organized value chains and supply chains, this might pose 
new challenges.  
 
As seen above in value networks, the development has both positive and negative sides. 
The flexibility and potential for optimization in different situations is a great asset. The lack of 
long-term commitment and reduced stability in relationships represents the cost.  
 
 
Integration in the supply chain 
Kesidou and Sovacol (2019) looks at supply chain integration for low-carbon buildings 
through a critical literature review. The ‘low carbon’ classification is another way to indicate 
high performance in the resulting project result. Engebø et al. (2021) looks at delivery 
methods for high performing buildings investigating similar issues in a longitudinal case 
study. the same type of. Both conclude that a holistic understanding of the delivery method 
and supply chain integration is needed if the intended benefits are to be realized. It is not a 
question of whether to integrate, but what and how to integrate for desired outcomes 
(Kesidou and Sovacol, 2019). Similar conclusions have been reached by several 
researchers. Let us have a closer look at these contributions to find out what it may entail 
more specifically.  
 
Supply chain integration is defined as merging different disciplines and organisations with 
different goals, needs and cultures into a cohesive and mutually supporting unit (Baiden, 
Price and Dainty (2006) referred in Kesidou and Sovacol, 2019). The concept comes from 
production industry but meets challenges in construction due to the project-based nature. 
The short timescale, one of a kind product, inherently high levels of complexity and risk, 
specialization and sub-contracting culture does not stimulate integration. Still, the 
requirement for reaching the high-level performance is interaction between specialists and 
seamless flow of information between different disciplines and actors.  
 
The collaboration for high performance may be stimulated by integration with three 
approaches (Azari and Kim (2008) referred in Kesidou and Sovacol, 2019):  

• Supply chain integration – information, agreement, leadership, and processes. 
• Integrated design – disciplines, information and building systems towards common 

goals.  
• Concurrent engineering – processes and disciplines. 

 
The supply chain integration may be conceptualized on three levels (Kesidou and Sovacol, 
2019): 

• Inter-organizational layer – projects are coalitions of firms and organisations that 
need to align, collaborate, and integrate. 

• Systems-layer – different systems need to align to produce required outcome (e.g. 
financial-, production-, information-, supply system). 

• Interpersonal perspective – projects are interpersonal and dynamic processes where 
social interactions behaviours and norms influence integration and outcomes.  
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Engebø et al. (2020) studied a high-performance building project over a long period to study 
the same aspects in a more practical setting by observation and interviews with those 
involved. The focus was on the delivery method in a wider sense, not specifically the 
integration – but the same aspects were studied here. The analysis indicated that if attention 
is paid to task, team and individual needs through contractual, cultural and organisational 
elements, this will affect the development of an integrated team.  
 
Similarly, Homayoumi et al. (2014) and Mollaoglu-Korkmaz et al. (2013) both referred in 
Kesidou and Sovacol, (2019) found that lack of integrative contractual arrangements can be 
overcome by leadership, an environment of trust and openness etc. All procurement routes 
and delivery models can produce high-level results of integration – provided there is early 
involvement of contractors.   
 
An important aspect is risk sharing. Kammer-Kerwick et al. (2020) looks at 
interorganizational interactions and tries to create an equality matching relationship model 
following the idea of the supply chains as a neighborhood. This must be built on trust as 
governance means, as opposed to the price focus of traditional models. They refer to 
Laeequddin et al. (2012) which conclude that supply chain members should strive to reduce 
the risk levels to build trust, rather than striving to build trust to reduce risk. This is an 
important nuance.  
 
Also, information systems and work processes are mentioned as premises for high level 
performance, but the big question remains: Can digitization change any of the construction 
project characteristics or make a difference in other significant ways? This must be further 
discussed in the forthcoming. 
 
 
 
The role of standards for information flow and digitization 

Standards define the interfaces between systems. This way standards act as a foundation for 
integration of information exchange between stakeholders. The numbers of standards 
concerning digitalisation related to practical use in the AEC/FM industry is increasing. We 
have standards at international levels by International Organization for Standardization (ISO), 
European level by European Committee for Standardization (CEN) and at national level by 
Standards Norway (NS). The standards are often harmonised, so that standards developed 
at international and/or European level is also legally valid in Norway.  
 
One of the most influential standards are the ISO 19650 series of standards within 
information management supporting use of building information modelling (BIM). The first 
part was launched in 2018, and cover concepts and principles. Part two was also lanced in 
2018 and covers the design and construction phase, while part three launched in 2020 
covers the operational phase. More parts are under development.   
 
Figure 7 illustrate principles for definition of information requirements and resulting 
information models (ISO 19650-1:2018). The standard is written in neutral terms to support 
consensus at international level and can be understood as unclear. However, the intention 
with this standard is very clear: Support of information management. In this perspective will 
the interpretation of the three vertical elements be understood as organisational levels with 
different responsibilities – and deliverables. “Interested parties’ information requirements” 
represent top level management where the impact is to start the project or not. The 
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information at this level is not more detailed aggregated direct from the BIM (which is PIM 
and AIM2), but a knowledge-based solution which include ratios, average values from similar 
projects etc. This is often tacit knowledge validated when the see the solution. The 
processes must therefore be interactive. 
 
As illustrated in figure 5, the arrows go in on direction toward well-defined deliverables. The 
content in these BIM-based deliverables can be tested by user of commercial model 
checking software as Solibri Office or Navisworks 
 

 
Figure 5 Definition of information requirements and resulting information models (ISO 19650-1:2018). 

However, there will also be arrows who goes on opposite direction who describes the 
purpose with the deliverable. Defining the purposes is a managerial task. As far as we have 
explored, we have not identified applicable processes within the construction industry. 
However, within informatics is “requirement engineering” an established domain which looks 
relevant at conceptual level. The requirement is defined in collaboration with relevant 
stakeholder. This type of information must be machine readable. This enables digital 
validation of content in the BIM.  
 
The overview of information requirements presented in figure 5 focuses on production of 
information as deliverables to be used in designed and production of a defined product, as a 
building or a road. This imply that one (more or less) know the product one need information 
about.  
All arrows are one-directional, they start with the organisational information requirement 
(OIR) box, and results in BIM based deliverables, expressed as Project information. Model 
(PIM) and Asset Information Model (AIM). However, what is missing is the organisational 
perspective. Relevant information is the foundation for fact-based decisions. who decide 
which information is relevant is covered is cold in this standard, but it's not expressed, or 
presented directly. As illustrated in figure 6, if we turn the above figure 90 degrees, this can 
with small modifications illustrate the organisational perspectives. 

 
2 AIM = Asset information model, PIM = Project Information Model (ISO 19650-1, 2018) 
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Figure 6 Organisational perspectives on information requirements (Modified version of ISO 19650-1:2018). 

Above figure illustrate the management perspectives in the ISO 19650 standards, and the 
importance of information sharing of in the “built environment”. This figure is include that  
 
Stakeholders & impact of digitalisation 
Stakeholder management is not a tool for “managing the stakeholders” – this is an old and 
misunderstood interpretation, stemming from the wish for control over scope, time, cost, and 
quality. Neither is it a strategy for “managing for the stakeholders” – creating the optimal 
solution for all stakeholders. These interpretations represent the two ditches on each side of 
the road. Stakeholder management is a way of systematic searching for optimal value, co-
created with stakeholders and controlled by project management within the frames defined 
by the owner (Berland, Klakegg and Sefland, 2014).  

Stakeholder management is immensely challenging (Unterhitzenberger et al., 2021). Digital 
means improves the possibility for communication and involvement immensely, although 
there is still a long way to go (Secinaro et al., 2022). The potential for stakeholder 
management is improving a lot with new means of communication. It holds promises of 
access to more information about stakeholders’ needs, priorities, and positions. This informs 
about risks and opportunities. It holds great promises for improved project steering and 
decision making, but also has a flipside: it gives stakeholders an opportunity to flock together 
and reach a wider community, which gives stakeholder groups a stronger position.  

It is positive in the sense that stakeholders seldom heard can have a stronger voice. On the 
other hand, these new technologies are more accessed by highly educated and strong 
stakeholder groups. Thus, it may give already strong groups even more power. A question is 
to what degree they are willing to use this power to influence decisions and project process. 
The will to involve is likely to be strong if they are very positive or very negative to the project 
and its goals. Those with less stakes in the project will often not involve and thus have no 
voice in the process at all. The Salience model for stakeholder management explains this 
(Mitchell, Agle and Wood, 1997).   
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Project organisation design: unique or business as usual? 
Megatrends push the boundaries of what we know about the world and projects. The speed 
of change in all aspects of society challenge established practices. We must expect that 
future complex projects are based on systems integration (ICE 2020) and has a much bigger 
ability to live with the emergent nature required by complexity (Bensley et al., 2021) as well 
as being resilient as a techno-socio-economic system (Helbing et al., 2011).  
 
This discussion paints a picture of an ideal future industry, potentially performance driven 
and with fully digitalised integrated project execution models that has adopted to and utilised 
Industry 4.0. The future in this scenario is more interconnected, more complex and changing 
faster than we have seen before. Firms (permanent organisations) and projects (temporary 
organizations) need to mirror this.  
 
The development we have seen took us from organizations and firms that did everything 
through “business as usual” processes (e.g., public organizations or production industries 
producing volumes for the consumer markets). Increasingly, these permanent organisations 
needed to manage resources better, increase performance and reach defined goals. Some 
industries produce one-of-a-kind solutions where this is even more challenging. The general 
development in society goes more in this direction as technology develops, consumers want 
more options to choose from, change rate increases and resources are scarce. This pushes 
the need for controlling development and care for stakeholders to deliver what customers 
want. This led to the current situation – everything is projects. This “projectification” of society 
(Jensen, Thuesen and Geraldi, 2016) has probably reached its peak now.  
 
Interestingly, the same arguments are used today to change into agile methods and lean 
construction to become more sustainable and create more value. This calls for innovation 
and improvement through more standardized projects. This will reduce the extra resource 
use to “reinvent the wheel” all the time in projects. Organizations need to focus developing 
processes as permanently improving “Business as usual” in projects and across 
organizations. This brings us back to the focus on resources and processes in the 
organisations without the limitations of temporary organizations. It completes the circle, as 
illustrated in Figure 7 (Tadayon, Andersen and Klakegg, 2022).  
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Figure 7 The development circle: Business as usual to projects - and back (Tadayon, Andersen and Klakegg, 
2022). 

 

Continuous improvement  

The AEC/FM industry have a tendency to consider each project as unique, and by this have 
limited focus on analysing and transferring experienced from one project to the next. This is 
typical if there have been small improvements over time, e.g. between 3,5% and 7%. If this is 
yearly improvements, the results will be doubled by respectively 20 and 10 years. his 
approach is highly relevant in AEC/FM projects where one has limited resources to invest in 
development in each single project. However, they often have multiple projects of similar 
type (even if many think that all projects are unique). While figure 7 illustrate a circle where it 
can be hard to identify development, figure 8 intends to illustrate a helix of continuous 
improvements. Building competency is in this perspective and important outcome, or event at 
result on the balance side in the accounting.  

  

The permanent organization 
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Unique 
projects 
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project 

Standard 
projects 
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Figure 8 The development helix: Continuously learning in and of projects. 

From an organisational perspective project can also act as a learning arena. We can both 
“Learn in” and “Learn from” projects. The “Learning in” perspective focus on monitoring 
activities   for collecting information (can be supported by digital solutions (software, sensors 
etc.) about performance of activities. The learning circle developed by Shewhart (1939) 
consists of following four elements: Plan – Do – Study – Act (PDSA).  This way of thinking 
enables continuously development. These relations are more known as “Demings learning 
circle” (1993) 

”Learning from” has a systemic perspective which focus on what can be transferred from one 
project to others, even is some elements are unique. This type of transformation require that 
one can identify and compare elements which can be transferred. User of Machine Learning 
will contribute with analysis of pattern recognition. This analytical approach may reduce 
complexity and result in practical and resilient new processes 

One example can be analyses of Virtual Design and Construction (VDC) based projects. The 
VDC projects are characterized by including multiple activities. Repeating successful projects 
is therefore a challenge, without having included almost all elements from the previously 
success. These analyses will be data-driven, which is based on digital solution to gather data 
from multiple activities and to understand their correlation. When one can identify the most 
important combination, the impact can be continuous improvements in the AEC/FM industry.  

Often changes need to be relatively large before they get impact that trigger a reaction like 
“something we must try out / implement in our next project”. The lack of perceived effect is 
often related to unprecise measurement of both production and process activities. Digital 
technology can contribute to enable measurement / document of these small changes. The 
risk aversion in projects require high expectation to make an effort for change. However, if 
one could identify in a trustworthy way that defined activities/changes has small, but 
significant improvement, these changes would be manageable.  
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Areas for improvement that comes out of this: 

This development is the result of a wide range of concurrent developments (megatrends) that 
adds up to significant need for change. The increasing integration of technologies 
(interconnectedness), the speed of technology development, the awareness of nature’s limits 
and need for sustainable solutions, the competition for talent and resources. Just to mention 
a few.  

Digital technology is one driver of this development, but not the only one and not enough by 
itself to support this development. As the paragraphs above indicate, internal structures and 
culture in each permanent organization (firm) needs to change to allow for data-sharing, 
exchange of experience and knowledge. It is necessary to open up for firm - and project 
cultures that can lift performance to a level required. This will probably even change the 
business models of next generation firms.  

Across organisations there is a need for more loose couplings and flexibility to support the 
ability to optimize in a wider range of situations and project types. This requires development 
of delivery models and contracts that can handle the need for utilizing resources across 
organizational boundaries. The future may be challenging with its loose couplings and 
shifting relationships, but this development also holds promises of ability to be flexible and 
handle changes. It should represent a robustness and resilience needed in a volatile and 
rapidly changing situation.  

Within projects (temporary organizations) we will see increasing use of digital coordination 
technologies. Planning and estimation will be supported by automated and intelligent 
software. Use and operations of the future infrastructure and buildings will be modelled and 
simulated to optimize solutions for the intended use. There will also be strategies for 
developing the potential for multi-use and flexibility to make sure the built environment does 
not live only a short time while it is still optimal for the original use. Systems and data access 
for simulation of future business and organization will be useful tools for decision making.  

Change will be the only constant. Even the goals are changed when new information makes 
it more valuable to change than to continue as planned. But it will need to be changes within 
defined boundaries to make sure the intended goals are still in sight, and resource use are 
under control. New roles and new competences will be developed as new digitally integrated 
systems changes the way we control and manage our resources.  

Avenues for future research and innovation in project-based organisations: 

Value: What is valuable for users, how to simulate future use of infrastructure (the 
built environment) – how can use this for enhanced decision-making.  

Talent: How to recruit the right individuals, motivate, mandate, give them room to 
grow. 

Teams: How to put together the right individuals, give them mandate, train for what 
they actually need to be able to do, self-organizing and autonomous teams.  

Management: Selection of managers, ability to connect top to bottom and vice versa, 
ability to coordinate across units, how to shift/work across boundaries/organizational 
units. 
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Integration: Identify which information is most relevant for decisions support, and in 
how this can be digital accessible and exchanged in adapted way to selected 
stakeholders.  

Milestones: Digital support for documenting the status and facts in the project when 
milestones are reached, or decision are made. Will reduce conflicts and increase 
learning from projects. 

Competency: Personal – Identify capability to perform tasks combining construction 
and informatics  

Maturity: Organisational: Categorise level of implementation of utilise digital solutions 
and processes to perform professional tasks in real projects 

Partners: Identify them, share resources/data, time, and space to improve/perform 
together. Who are the ones likely to be able to align with us. 

Customers: Position, branding, competitive cost levels and speed, develop unique 
capabilities (together, in loosely coupled networks).  

Projects: Understanding the situation and project needs in order to plan and execute 
the best possible combination of plans and resources in execution of complex 
projects. 

Procurement routes: Understand what kind of dialogue will support the development 
of trust and openness in project execution, and how to define criteria that secures the 
teams that are best able to create success for the project owner is actually chosen. 

Delivery models: Understand what combination of structure and culture that will 
make the temporary organization able to perform optimally and create maximum 
value for stakeholders. Not least – understand how suppliers on different levels 
respond to the proposed models.  

 
Future roles and responsibilities in a digital environment 
We have chosen to not include digitalisation and organisation in the list of areas for 
improvement, because we regard these improvements as both constraints and opportunities 
for further development in real world situations. The proposed improvement list above does 
not include integration. Digitalisation is often presented as new ways of working and 
collaborating. However, this is rarely followed up with examples of practical implications. This 
study intends to explore new roles and responsibilities related to digitalisation in 
organisations. It does not go into new roles defined by the digital tools they are using, like a 
drone pilot, or BIM coordinator merging BIM models for clash detections.  
 
These new roles are related to new combinations roles and responsibilities as illustrated in 
figure 9.  
The traditional “pure” roles and competencies are marked in brown and numbers. Be aware 
that the types illustrated in the figure are extreme version to illustrate the differences. In 
practice the are room for types between these extremes.  “Type 1” and “Type 3” represent 
the researcher in respectively construction and informatics. “Type 2” and “Type 4” represent 
the production-oriented management roles. However, as the figure illustrates with purple text 
and letters, we can also have mixed roles in the AEC/FM industry named by letters from A to 
E, as illustrated in figure 9 below. Role “Type C” and “Type D” are traditional internal 
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developer roles who works with in respectively construction or informatics tasks based on 
their professional domain.  
 

 
Figure 9 Organization of roles and competencies. 

We want to explore then different combinations with the letter-based “Type; A” and “Type B” 
with mixed type of competencies. “Type A” will have a research profile when don by 
professional outside the organisation, of consultant when done within the organisation. “Type 
B”, or more precisely “Type B towards Type E”, in the “Type 2” direction is possible to 
observer in some organisation. These types represent a combined construction and 
informatics competency; “The Digital Architect”, “The Digital Engineer”, “The Digital 
Contractor”, “The Digital Facility Manager”, “The Digital Owner”, or more general as “BIM-
manager” or “BIM coordinators” if they to towards informatics.  
These types are placed in the centre between Construction and Informatic, but will in practice 
be more towards construction, due to their main education. “Type E” og "Type E towards 
Type A” can be exemplified with Industry-PhD position. The types can be regarded as 
variants of the T-shape skills profiles, where the challenge is to get the relevant mix to be 
applicable.  
The informatics competency will include fundamental understanding of information system 
and system thinking with a process-oriented approach. Software skills in advanced use of 
BIM-based software is of course positive, is not regarded as informatic competency. This 
understanding of digitalisation stands according to Rekve et al. (2021) and Hjelseth (2017). 
In contrast with the dominating understanding in the AEC/FM industry who equals 
digitalisation equal to use of BIM-based software and digital devices.  
 
Construction competencies include project management within all disciplines within the 
AEC/FM industry. These roles are related to collaboration, and in limited degree role who are 
single disciplinary.  The IU School of Informatics and Computing at IUPUI (2022) define 
informatics as the combination or people, software, and hardware. Further they state that:  
“Informatics harnesses the power and possibility of digital technology to transform data and 
information into knowledge that people use every day. This strong focus on the human use of 
computing helps people to interact with technology in the best and most efficient way 
possible”. 
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Regarding how the elements in the title; “Organisational consequences of digitalisation, data 
management and integration” will be applied in the AEC/FM-industry regard these this will be 
understood as opportunities, challenge or barriers – where the choose of which of these 
three imperatives is critical. Drivers for change is like be related to sustainability, either 
motivated by collective regulations or by individual comparative advantages in the future 
market. 
 

References 
Assenova, V., Best, J., Cagney, M., Ellenoff, D., Karas, K., Moon, J., Neiss, S., Suber, R., & 
Sorenson, O. (2016). The Present and Future of Crowdfunding. California Management 
Review, 58(2), 125–135. https://doi.org/10.1525/cmr.2016.58.2.125 

Bensley, J.; Smith, C.; Barber, R. (2021) Harnessing Emergence in Complex Projects. 
Rethinking Risk, Opportunities & resilience. International Centre for Complex Project 
Management (ICCPM) og Queensland University of Technology Professional and executive 
education (QUT eX). Available from www.iccpm.com 

Berland, N.J.; Klakegg, O.J. and Sefland, A. (2014) Stakeholder Management Fieldbook. Get 
started with Stakeholder Management. Google Play (kun digital distribusjon). 

Bråthen, S.; Laingen, M.; Torgersen, P. og Woldseth M.K. (2020) Samspillprosjekter i bygg- 
og anleggsbransjen. Concept-rapport nr. 61. NTNU. Available at 
https://www.ntnu.no/concept/concept-rapportserie  

CII (2022) Web-pages of Construction Industry Institute: https://www.construction-
institute.org/groups/partners/os2  

Deming, W.E. 1993.The New Economics. MIT Press. Cambridge, MA. page 135. 

Drljača, M. (2019) Reversible Supply Chain in function of competitiveness. Production 
Engineering Archives, Vol 22, p 30-35.  

Deshmukh, A. (2021) This Simple Chart Reveals the Distribution Of Global Wealth. Visual 
Capitalist. Available on visualcapitalist.com.  

Engebø, A.; Klakegg, O.J.; Lohne, J. and Lædre, O. (2020) A collaborative project delivery 
method for design of a high-performance building. International Journal of Managing Projects 
in Business. Vol. 13 No. 6, pp. 1141-1165. https://doi.org/10.1108/IJMPB-01-2020-0014. 

Estellés-Arolas, E., & González-Ladrón-de-Guevara, F. (2012) Towards an integrated 
crowdsourcing definition. Journal of Information Science, 38(2), 189–200. 
https://doi.org/10.1177/0165551512437638 

Helbing, D., Balietti, S., Bishop, S. et al. (2011) Understanding, creating, and managing 
complex techno-socio-economic systems: Challenges and perspectives. Eur. Phys. J. Spec. 
Top. 195, 165 (2011). https://doi.org/10.1140/epjst/e2011-01410-7 

Hjelseth, E. 2017. BIM understanding and activities. Presented at the 2nd International 
Conference on Building Information Modelling (BIM) in Design, Construction and Operations, 
10th – 12th May 2017, Alicante, Spain. 

Hogan J.S., Coote, L.V. (2014) Organizational culture, innovation, and performance: A test of 
Schein's model. Journal of Business Research, Volume 67, Issue 8, Pages 1609-1621, 
https://doi.org/10.1016/j.jbusres.2013.09.007. 

https://doi.org/10.1525/cmr.2016.58.2.125
https://www.ntnu.no/concept/concept-rapportserie
https://www.construction-institute.org/groups/partners/os2
https://www.construction-institute.org/groups/partners/os2
https://doi.org/10.1177/0165551512437638


87 
 

Practitioners report R&D Project – Final 15th December 2022  
 

ICE (2020) A Systems Approach to Infrastructure Delivery. ICE Knowledge. Tilgjengeleg frå 
ice.org.uk (Henta 12.2.2022) 

Inequlity.org (2022) https://inequality.org/facts/global-inequality/  Last approached 
22.10.2022.  

ISO 19650-1 (2018) Organization and digitization of information about buildings and civil 
engineering works, including building information modelling (BIM) — Information 
management using building information modelling — Part 1: Concepts and 
principleshttps://www.iso.org/standard/68078.html 

Ishtiaque, T.A. and Klakegg, O.J. (2021) Role of BIM in Mitigating Information Asymmetry 
and Transparency: Reality Versus Expectation. IRC 2021. Dortmund International Research 
Conference. Euro PIM.  

Jarvis, S.M. and Samsatli, S. (2018) Technologies and infrastructures underpinning future 
CO2 value chains: A comprehensive review and comparative analysis, Renewable and 
Sustainable Energy Reviews, Volume 85, Pages 46-68. 
https://doi.org/10.1016/j.rser.2018.01.007. 

Jensen, A., Thuesen, C., and Geraldi, J. (2016). The Projectification of Everything: Projects 
as a Human Condition. Project Management Journal, 47(3), 21–34. 
https://doi.org/10.1177/875697281604700303 

Kammer-Kerwick, M.; Takasaki, K.; Kellison, B.; Pogue, G.P. and Markman, A.B. (2020) 
Rethinking supply chains as neighborhoods. Journal of intercultural Management and ethics. 
Issu 4, 2020.  

Kesidou, S. and Sovacol, B.K. (2019) Supply chain integration for low-carbon buildings: A 
critical interdisciplinary review. Renewable and Sustainable Energy Reviews. 113 (2019) 
109274.  

Krokan, A. (2010) Den digitale økonomien: Om digitale tjenester, forretningsutvikling og 
forretningsmodeller i det digitale nettsamfunnet. Cappelen Damm Akademisk. 2010. ISBN 
978-82-02-31884-0. 

Krokan, A. (2012) Smart læring - hvordan ikt og sosiale medier endrer læring. 
Fagbokforlaget. 2012. ISBN 9788245013559. 

Krokan, A. (2015) Det friksjonsfrie samfunn - Om utviklingen av digitale tjenester. Cappelen 
Damm Akademisk. 2015. ISBN 9788202412234. 

Krokan, A. (2018) Deling Plattform Tillit, perspektiver på delings- og plattformøkonomi. 
Cappelen Damm Akademisk. 2018. ISBN 978820254933-6. 

Megginson, W.L. (2017) Privatization, State Capitalism, and State Ownership of Business in 
the 21st Century, Foundations and Trends® in Finance: Vol. 11: No. 1-2, pp 1-153. 
http://dx.doi.org/10.1561/0500000053 

Mitchell, R.K.; Agle, B.R. and Wood, D.J. (1997) Toward a Theory of Stakeholder 
Identification and Salience: Defining the Principle of Who and What Really Counts. The 
Academy of Management Review, Vol. 22, No. 4, pp. 853-886. 

Nelson, W.A.; Taylor, E.; Walsh, T. (2020) Building an Ethical Organizational Culture. The 
Health Care Manager: 10/12 2020 - Volume 39 - Issue 4 - p 168-174 doi: 
10.1097/HCM.0000000000000304 

https://inequality.org/facts/global-inequality/
https://doi.org/10.1016/j.rser.2018.01.007
https://doi.org/10.1177/875697281604700303
http://dx.doi.org/10.1561/0500000053


88 
 

Practitioners report R&D Project – Final 15th December 2022  
 

Rekve, A., Hjelseth, E., Sujan, S.F. 2021. Exploring the paradox of low BIM adoption in the 
built environment. NOKOBIT - Norsk konferanse for organisasjoners bruk av 
informasjonsteknologi. Vol. 2.  

Rosling, H., Rosling, O. and  Anna Rosling Rönnlund, A.R. (2018) Factfulness - ten reasons 
we're wrong about the world - and why things are better than you think, Sceptre, ISBN: 
9781473637474. 

Secinaro, S.; Brescia, V.; Iannaci, D. and Jonathan, G.M. (2022) Does Citizen Involvement 
Feed on Digital Platforms?, International Journal of Public Administration, 45:9, 708-725, 
DOI: 10.1080/01900692.2021.1887216 

Shewhart, Walter Andrew (1986) [1939]. Statistical method from the viewpoint of quality 
control. New York: Dover. ISBN 978-0486652320. OCLC 13822053. Reprint. Originally 
published: Washington, DC: Graduate School of the Department of Agriculture, 1939. 

Tadayon, A.; Andersen, B.S. and Klakegg, O.J. (2022) Verdibaserte avtaleformer i 
byggenæringen. Prosjekt Norge Rapport 2022-01. Oslo, 19.05.2022. Tilgjengelig fra: 
https://www.prosjektnorge.no/verdibaserte-avtaleformer-i-byggenaeringen-2/ 

Timmer, M.P.; Erumban, A.A.; Los, B.; Stehrer, R. and de Vries, G. J. (2014) Slicing Up 
Global Value Chains. Journal of Economic Perspectives, 28 (2): 99-118. 

Unterhitzenberger, C.; Wilson, H.; Bryde, D.J.; Rost, M. and Joby, R. (2021) The stakeholder 
challenge: dealing with challenging situations involving stakeholders, Production Planning & 
Control, 32:11, 926-941, DOI: 10.1080/09537287.2020.1776907 

Vazirani, N. (2012) Mergers and Acquisitions Performance Evaluation- A Literature Review. 
SIES Journal of Management. Vol. 8, Issue 2.  

Wang C. and Hanna S.D. (2007) The Risk Tolerance and Stock Ownership of Business 
Owning Households. Journal of Financial Counseling & Planning. Vol. 18, Issue 2.  

Warrick, D.D. (2017) What leaders need to know about organizational culture, Business 
Horizons, Volume 60, Issue 3, Pages 395-404, https://doi.org/10.1016/j.bushor.2017.01.011. 

Williams, R. O. (1992). Successful Ownership in Business Families. Family Business 
Review, 5(2), 161–172. https://doi.org/10.1111/j.1741-6248.1992.00161.x 

Yang, W. and Meyer, K.E. (2019) How does ownership influence business growth? A 
competitive dynamics perspective, International Business Review, Volume 28, Issue 5, 2019, 
https://doi.org/10.1016/j. 

  

https://doi.org/10.1016/j.bushor.2017.01.011


89 
 

Practitioners report R&D Project – Final 15th December 2022  
 

Scientific Chapter No. 6 

Digital Twins in, of, and for Engineering Organisations: 
A Report on Present and Future Practice 

 

David Cameron 

SIRIUS Centre, Department of Informatics, University of Oslo 

1 Introduction 
1.1 The power of the digital twin metaphor 
The digital twin is a metaphorical description of an IT application that has become widely 
used in recent years. The suggestive power of this metaphor is a two-edged sword with 
regard to successful business implementation. On one side, the metaphor paints a picture of 
a faithful reproduction of an external reality in a computer system. It draws on fictional 
themes, popularized in movies and computer games, such as avatars, doppelgangers and 
simulated universes. These themes are taken up in the concept of the Metaverse (Baneian 
Far & Imani Rad, 2022; Kirkpatrick, 2022).  These associations promise insight and power in 
a way that is readily understood by non-technical people. Unfortunately, the metaphor 
obscures what a digital twin actually is in practice and leads to unrealistic expectations. This 
hype, as can be seen by its position at the top of the Gartner hype curves in 2017 (Panetta, 
2016) and 2018 (Panetta, 2017), makes the implementation of digital twins difficult. Despite 
this hype, we believe that digital twins provide valuable implementation patterns for IT 
systems that support making real-time decisions about complex systems. These systems 
can be natural, physical, industrial, organisational or social. 

The technical literature on digital twins is massive. Literature reviews of the field have been 
provided by Kritzinger et al., (2018), Qi and Tao (2018), Tao et al. (2019), Cimino et al. 
(2019), Liu et al. (2020), Lattanzi et al. (2021) and Atalay et al. (2022). However, literature on 
the business and management aspects of digital twins is sparse, as noted by Savolainen and 
Knudsen (2022). This paper is an attempt to address some of the management and business 
issues related to capital projects. 

The concept of a digital twin was defined in the context of industrial manufacturing systems 
(Grieves and Vickers, 2017). Its commercial application has been in two areas. The first of 
these is a twin of a product, the integration of Product Lifecycle Management data to provide 
a digital replica of a product and its behaviour throughout its life (Onaji et al., 2022; Romero 
et al., 2020, Schleich et. al 2017). The second of these is a twin of a plant, where an on-line 
simulation of an industrial system, such as a drilling system (Mayani et al., 2018), oil & gas 
facilities (Zborowski, 2018; Tulalian et al., 2018, Wanasinghe et al., 2020), power systems 
(Brosinsky et al, 2018) or a chemical plant (Vaccari et al., 2020; Lee et al., 2020, Perno et al., 
2022) is used to support operators in their control and optimisation of the system.  

The implementation patterns developed for manufacturing can be applied to the analysis of 
natural systems. We have seen well-developed systems for the real-time analysis of 
geological phenomena, such as oil & gas reservoirs (Tulalian et al., 2018). Meteorology is 
also an area where digital twins provide tools for real-time forecasting. This work is being 
consolidated and developed further by programs like the European Union’s Destination Earth 
(Nativi et al., 2020; Voosen, 2020). The digital twin provides a way of taking batch 
experiments and implementing them in a continuous way. Whereas once an experiment was 
done or a sample taken and was then analysed and simulated, we can build experimental 
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systems that operate continuously and provide data and analyses in real time. This is 
applicable in physics, chemistry, biological sciences and medical sciences (e.g., Yusuf et al., 
2017). 

1.2 Structure of this paper 
In this paper we will be focusing on the application of digital twins in capital projects. We 
attempt to demystify digital twins by discussing how these implementation patterns can be 
applied in the supply chain for process, energy, and offshore capital projects. We start by 
reviewing the various definitions of a digital twin, leading to a simple conceptual model, an 
implementation pattern, proposed by Cameron et al. (2018). This leads on to a discussion of 
a similar model, proposed by DNV in a Recommended Practice (DNV, 2021). Here we align 
the two presented models and indicate how they can be used in practice. 

We then describe the capital project supply chain (CPSC), with its business processes and 
challenges related to information generation, use and reuse. In this context, we extend the 
digital twin metaphor to apply to organizational systems as well as cyber-physical systems. 
This allows us to identify a set of digital twin applications that can work together in the CPSC 
to improve business performance. We build on the well-established differentiation between 
product twins and plant twins to introduce two new types: the process twin and the project 
twin.   

2 What is a Digital Twin? Definitions and Models 
2.1 Defining the Digital Twin 
2.1.1 Review of Definitions 
As noted above, the digital twin is a powerful metaphor. This means that it can be difficult to 
pin down a definition of the term. Onaji et al., (2022) list 22 different definitions from the 
period 2010 to 2019. Authors agree that the twin consists of a digital representation of 
something real. However, from this starting point, several different approaches can be taken. 
Thus, Autiosalo et al. (2020) define a twin as: 

 “…a virtual entity that is linked to a real world entity. It describes a planned 
or actual real-world object with the best available accuracy. The information 

can be distributed among different systems, but the pieces of information 
should be linked to each other to form one coherent entity.”  

This is a broad definition. It includes all of the data we can collect about a physical object. 
We call this a “pile of data” definition. It neglects the need for a twin to reproduce and predict 
the real-time behaviour of its real counterpart. Unfortunately, this is also the definition given 
in the ISO/TS 18101, which defines a digital twin as a “digital asset on which services can be 
performed that provide value to an organization”, where a digital asset is a “data set 
describing an asset, this is not necessarily physical”. (Rossiter, 2021). 

 

The Industrial Internet Consortium (Malakuti et al. 2020) takes a similar approach: 

A digital twin is a formal digital representation of some asset, process or 
system that captures attributes and behaviours of that entity suitable for 

communication, storage, interpretation or processing within a certain 
context. The digital twin information includes, but is not limited to, 

combinations of the following categories: physics-based model and data, 
analytical models and data, time-series data and historians, transactional 

data, master data, visual models and computations. 



91 
 

Practitioners report R&D Project – Final 15th December 2022  
 

Here the pile of data is defined to include definitions of and results from models and 
simulation.  

The Digital Twin Consortium (nd) talks about the synchronisation of the twin with reality:  
“A digital twin is a virtual representation of real-world entities and processes, synchronized at 
a specified frequency and fidelity.”  

This moves us closer towards the US Defense Department’s definition of a twin as a 
simulation (DAU, 2018). 

An integrated Multiphysics, multiscale, probabilistic simulation of an as-built 
system, enabled by Digital Thread that uses the best available models, 

sensor information, and input data to mirror and predict 
activities/performance over the life of its corresponding physical twin. 

This definition is limited to (cyber-)physical systems. However, it has a welcome emphasis on 
the role of simulation in the twin. The simulation’s role is to “mirror and predict” the behaviour 
of the twinned system. 

 
2.2 Conceptual Models for Digital Twins 
2.2.1 Overview 
The technical literature contains many complex and comprehensive conceptual models or 
reference architectures for digital twins. Examples can be found in ISO TC184 Ad Hoc Group 
(2019), Marguglio (2020) and Redelinghuys et al. (2020). The ISO23247 standard defines a 
reference architecture for manufacturing twins with five core entities and around twenty 
functional elements (ISO TC 184, SC4, 2020). Autiosalo et. al (2020) present a model where 
nine features: data storage, security, identification, coupling with reality, computation, 
artificial intelligence, analysis and user interface are integrated around a data link. Van 
Schalkwyk (2022) presents a “periodic table” of functions for designing digital twins, with 
sixty-two functionalities grouped into data services, integration, intelligence, user experience, 
management and trustworthiness categories. It is shown in the following figure. It is a 
valuable tool for thinking about digital twin applications, but it does resemble a “buzzword 
bingo” playing board. 

 

 
Figure 1. The Periodic Table of Digital Twins 
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2.2.2 A Simple Conceptual Model for Digital Twins 
In this paper, we will use two simpler conceptual models. The first was proposed by 
Cameron et al. (2018), who worked the DAU definition of digital twins further into a simple 
model that views a digital twin as a three-legged stool. The seat of the stool is analysis and 
visualisation that enables a user to make correct decisions about a system's current and 
predicted behaviour. This decision support builds on three legs: 

• Static information about the structure and construction of the system. 
• Simulations and model-based analyses of the system. 
• Real-time observations of the behaviour of the system: measurements and events. 

 

 
Figure 2. Conceptual Model of Digital Twins (Cameron et al., 2018) 

These three data sources need to be analysed and presented in a format that allows a user 
to make their decisions. This requires the use of algorithms for analysis, classification and 
reasoning – artificial intelligence, in other words. Thus, a user needs to be able to detect 
whether the system is working normally or has problems. This process can be automated 
using symbolic AI (rules, reasoning) and statistical AI (machine learning, classification). Good 
decisions also require effective presentation of results and human-computer interaction. A 
user needs quick access to relevant data, without distracting irrelevant data. This has been a 
neglected field (Barricelli and Fogli, 2021; Wilhelm et al. 2021). Relevant information must be 
presented in an intuitive, easy-to-process way. It is here that virtual, augmented and mixed 
reality can be used. However, this needs to be done with care and good design, as these 
interfaces can complicate data access, confuse the user and obscure important information.  

This model can be used to analyse a vendor’s offering of a digital twin. As the term gained 
prominence, suppliers of control systems, production databases, simulators and engineering 
information systems branded their products as digital twins. Their products provided an 
unbalanced twin that included only one or two of the data types required for a fully-functional 
application.  Wright and Davidson (2020) discuss this point with reference to the difference 
between a simulator and a digital twin.  

 

2.3 Digital Twin Elements and Functional Elements 
The certification company DNV collaborated with several operating and engineering 
companies to write a recommended practice for the assurance of digital twin applications 
(DNV, 2021). The recommended practice is behind a paywall, but the free preview version of 
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the document presents their conceptual model for a digital twin.  The model is based on the 
principle that the twin should “serve a clear purpose in order to provide value”. The 
conceptual model consists of two structures. The first presents the architectural elements 
that are needed in a digital twin. This is presented in the figure below, with alignment with the 
three-legged stool model. 

A digital twin builds on a common foundation. Building this foundation challenges 
organizations because the foundation cuts across the boundaries between operational 
technology and information technology (Maleh, 2021; Felser et al., 2019, Ehie and Chilton, 
2020). Within an organization, the operational technology groups provide domain knowledge 
about the problems to be addressed by the twin, the sensor infrastructure and the knowledge 
needed to configure system data, simulations and analysis methods. Information technology 
groups provide methods and tools for integration, security and change management.  

The DNV RP also points to the importance of information models as a foundation for digital 
twins. A sustainable digital twin application requires well-defined information models for 
interoperability and to support reasoning. Information models with well-defined semantics are 
an important enabler for cognitive twins (Zheng et al. 2021; Al Faruque et al. 2021). These 
types of twins use reasoning and machine learning to provide users with automatically 
generated guidance for their decisions.  

 

 
Figure 3. The DNV RP Elements of a Digital Twin, expanded and aligned with the three-legged stool 

model. 

Information models are needed to provide the following services in a digital twin: 

• Definition and contextualization: Data must be linked together between data sources 
in the twin and labelled with its role in representing the system to be twinned. 
Semantic models provide agreed ways of talking about the system to be twinned and 
its behaviour.  

• Interoperability and integration. Agreed semantic models make it easier to exchange 
data between applications and along the supply chain. The models also make it 
simpler to collect and integrate data from many separate data sources. 

• Reasoning. A rigorous semantic information model supports automatic reasoning in a 
digital twin application. It also helps in implementing decision support using machine 
learning through providing an agreed set of concepts for labelling training data. 

We will examine information models in more detail later. 
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The second model in the DNV recommended practice presents the idea of a functional 
element, as shown in the diagram below. They note that any digital twin application will be 
built to support one or more users’ needs and key decisions. This requires a vertical stack of 
functions that can be designed from the top down. The need defines the dashboard & quality 
indicator, i.e. the information that is to be presented to the user so that they can make their 
decision. This information is generated by computational models and AI applications and 
builds on an information model for the system of interest. The information model gives 
context to the data streams (sources of data) that are needed to generate the information. All 
these components need to be embedded in a set of work processes. These define the 
decisions to be made, the computations and analyses to be done and the criteria for making 
decisions. 

 

 
Figure 4. The DNV RP Functional Element, adapted to non-physical systems and aligned with the three-

legged stool model. 

Together, these two models give us an adequate conceptual framework for discussing how 
digital twins can be used to improve business performance at all stages of the capital project 
supply chain. How this is done is described in the next section. 

3 Digital Twins in the capital project supply chain 
3.1 Information flow and challenges in the capital project supply chain 
The capital project supply chain is a well-established process where engineering, 
procurement and construction (EPC) suppliers work with operating companies and original 
equipment manufacturers (OEM) to design, build and deliver complex process and energy 
facilities. These projects have budgets in the billions of kroner and involve extensive 
transfers of documentation between parties as the project moves through these staged 
gates. 

These document-based exchanges of information are expensive and inefficient, as was 
noted by the Konkraft report on reducing project cost on the Norwegian continental shelf 
(Konkraft, 2018). They also result in loss of information at every transfer. These inefficiencies 
can be reduced by moving from a document-based model to a data-based model for 
information exchange. Further efficiencies can be obtained by moving on from data 
exchange to data sharing. 

The linear, feed-forward flow of information in the processes also makes it difficult to 
implement continuous improvement based on experience in the EPC projects and operation. 
Both EPCs and OEMs can benefit from these loops.  
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The following figure shows the supply chain using two models. The first is presented in ISO 
TS 18101-1 (ISO TC 184, 2019) and shows how OEM, EPC and operating companies could 
share and exchange data, both for project execution and continuous improvement. The 
second model, from Wiedau et al. (2019) shows the EPC work processes and the type of 
data produced as a facility moves from concept to operation.  

 

 

 
Figure 5. Information flow and cycles in the Capital Project Supply Chain according to ISO TS 18101-1 

(2019). (ISO TC184, 2019), aligned with the ENPRO lifecycle model of Wiedau et al. (2019). 

 

Figure 6 shows an alternative view of the same process, where decision gates are shown. It 
shows the stages of facility design and the construction of a digital system model during the 
progress of the project. The diagram shows how digital twins are applications embedded in 
the larger pool of information about a facility. 

 



96 
 

Practitioners report R&D Project – Final 15th December 2022  
 

 
Figure 6. The place of a digital twin in the digital system model of a capital facility. 

Note that the digital system model will not usually grow linearly. It will usually be a jagged 
curve, with loss of information at each decision gate.  

 

Digital twin applications provide ways of accessing the digital system model so that the data 
in it can be used for decision making. The twin can also facilitate interchanges of information 
between the actors in the supply chain, as shown in the Figure 7 from ISO TS 18101-1. 

 
Figure 7. Information interoperability flows in the capital project supply chain. 

In the next section we sketch out how this can be done using a set of interacting digital twin 
applications. 
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3.2 Product, Plant, Process and Project Twins 
We noted above that the digital twin concept developed for manufacturing identified two 
types of digital twin: the product twin – what the product was and how it behaves – and the 
plant twin – how the product is made. 

 

When building complex facilities, such as oil & gas or offshore energy developments, we 
need to consider these product and plant twins. These will overlap and interact. For example, 
a pump manufacturer will wish to build and maintain a twin of their pump products. However, 
these pumps will be purchased by an EPC firm to be used in constructing a production plant. 
The EPC views the plant as their product, so they will build their product twin that will interact 
with the pump manufacturer’s product twin. Finally, the EPC’s product twin will be handed 
over to the customer, the operating company, as part of their plant twin. 

This process of sharing and incorporating twins occurs in the context of an EPC project. We 
can view the project as an organisational system, of which it is possible to build a digital twin. 
Here we have a twin of a project. This twin refers to and is interlinked with the products and 
plant that are to be delivered in the project. The project twin can then be embedded further 
up in an organisation, with a twin of project portfolios and a twin of an organisation. 

 

To summarize, we have identified four types of digital twin in the CPSC. 

• A product twin, one owned by an OEM, the other owned by an EPC. 
• A plant twin, built by the EPC as its product twin and then handed over to the 

operator. 
• A process twin, built by the EPC as a starting point for building the plant twin. It can 

also be handed over to the operator. 
• A project twin, modelling the planned and actual interactions between the OEM, EPC 

and operator. 
 

The relationships between these twins are shown in Figure 8. 

 
Figure 8. The roles of product, plant, process and product twins in a facility development project 

If we apply our conceptual model to these twins, we obtain the following: 
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 Product Twin Process Twin Plant Twin Project Twin 
System to be 
twinned 

Equipment used 
in facility, for 
example a 
cooling water 
pump. 

The processes 
happening in the 
facility, fluid flow, 
reaction, 
separation, 
compression.  

The equipment 
in the facility.  

The project as 
a dynamic 
system, 
consisting of 
the planned 
and actual 
activities and 
resources in the 
project. 

Decisions to 
be made 

Design 
modifications to 
enhance 
performance of 
pump and 
improve new 
models of pump. 

Optimization of 
process 
performance: 
energy 
efficiency, 
product quality, 
product mix. 
Evaluation of 
process 
changes. 

Maintenance 
and repair of 
degraded 
equipment. 
Condition-
based 
maintenance. 

Measurements 
of project 
progress and 
efficiency. 
Activity 
progress, 
resource use, 
cost. 

Measurements 
and 
observations. 

Measurements of 
pump 
performance in 
test laboratories 
and in industrial 
use.  

Measurements 
of process 
performance: 
fluid flow, 
electrical flow, 
composition, 
temperature, 
pressure. 

Measurements 
of equipment 
performance: 
vibration, 
bearing 
temperatures, 
lubrication oil 
temperature 
and quality 

Measurements 
of project 
progress and 
efficiency. 
Activity 
progress, 
resource use, 
cost. 

Simulations 
and analyses 

Multi-physics and 
machine learning 
simulation of the 
pump and its 
process.   

Simulation of the 
process 
behaviour of the 
facility. Machine 
learning for use 
in soft-sensing of 
quality 
parameters. 

Dynamic 
simulation of 
equipment 
behaviour. 
Machine 
learning for  

Predictive 
simulations of 
project 
progress, cost 
and 
effectiveness.   

Analysis, 
reasoning and 
decision 
support 

Classification of 
pump failure 
modes. 
Suggestions for 
material and 
component 
design. 

Detection and 
prediction of 
process 
malfunctions 
(impurity, off 
specification 
product, 
dangerous 
process 
conditions, 
emissions) 

Detection and 
prediction of 
equipment 
malfunction 
(bearing wear, 
leakage, 
overheating, 
vibration, 
structural 
failure). 

Analysis of 
project cost, 
progress and 
efficiency. 
Detection and 
prediction of 
delay, 
bottlenecks and 
cost overruns. 

  

If these twins are to be realized in projects and work together optimally, we need to have 
mechanisms in place that ensure interoperability of applications together with exchange and 
sharing of data. The next section discusses the status of the standardization work that is 
needed to achieve this vision. 
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4 Information Models, Standards and Interoperability: 
Challenges and Opportunities 

4.1 Introduction 
The interacting ecosystem of digital twins sketched above requires the integration of many, 
diverse data sources, databases, and technical applications. Each of these has its own 
schema for organizing data and relating data to the “real world” i.e., the system to be 
twinned. They also often offer their own, unique, application programming interfaces and 
communication protocols. Building a sustainable, cost-effective digital twin is easier (or even 
only possible) if the data sources and applications support a common understanding of the 
meaning of data and standard ways of accessing and transmitting this data.   

For this reason, standards are important for the adoption of digital twins. In this section we 
will survey and critique the standards for interoperability that are relevant for the CPSC. We 
start with a survey of the standards landscape for digital twins. This is then used to present a 
view of how recent standardization efforts can be made to work together to support our 
digital twin ecosystem.  

We believe that developments over the last decade, together with a maturing of foundational 
standards for computing and data handling, makes this vision possible. We see a pleasing 
convergence of standards and collaboration between the groups with responsibility for these 
standards.  

4.2 Barriers to interoperability 
Efforts to build interoperability standards are not new. Rainaud (2005) provides a review of 
oil & gas standardization activities for sub-surface data in the period 1990-2005. Gielingh 
(2008) discussed the challenges with the standards used for representing products and 
plants. He summarises: “Of these, ISO 10303 (STEP), ISO/PAS 16739 (IAI/IFC) and ISO 
15926 are the most prominent. The first release of STEP was published in 1994, the first 
release of IAI/IFC in 1997, and ISO 15926 in 2003. Today, many years after their 
introduction, it must be concluded that the industrial uptake of these standards has been 
poor.” He identifies the following factors limiting uptake: (1) lack of business motivation with 
vendors and users, (2) legal aspects, where contractual requirements limit potential for data 
exchange and sharing, (3) lack of understanding and acceptance by industrial end users, (4) 
technical and conceptual problems with the standards themselves. The first three factors are 
still valid. We discuss the fourth factor in section 4.5.2 below. 

Braaksma et al. (2011) described the barriers to adoption of current standards. They 
identified similar problems to Gielingh: business challenges related to vendor support and 
financial (dis)incentives, organizational challenges related to adoption of novel, complex 
technologies and limitations and problems with the standards themselves. The first two 
groups of problems align with those observed by Gielingh. Again, we will discuss the 
problems with the standards in section 4.5.2 below.  

 

4.3 The digital twin standards landscape 
 

The digital twin standards landscape is complex and fragmented. Reviews of the field have 
been published by Jacoby and Usländer (2020) and Rossiter (2021).  

Lu et al. (2020) presented a timeline of standards relevant to mechanical product 
engineering, with a focus on product design, computer-numerical control, component 
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inspection and inter-machine communication, as exemplified by Kwon et al. (2020). Cogswell 
(2022) extends this to include standardization of information about materials of construction. 
This landscape is highly relevant for building detailed product twins in discrete manufacturing 
but does not capture the landscape required our purposes.  

 

The following table lists the international and standards that have a demonstrated relevance 
to our vision.  

 

Area of relevance Process and Energy Built Environment Manufacturing, 
aerospace and 
automotive 

Communication of 
time-series and 
event data 

IEC62451 OPC UA 

System modelling 
and aspect systems 

ISO/IEC81346 

Structuring and 
serialization of 
product and system 
information 

IEC 63278 Asset 
Administration Shell 

ISO16739 (IFC), 
BIM 

IEC 63278 Asset 
Administration Shell 

Plant and product 
models 

ISO15926, DEXPI, 
CFIHOS, 
AutomationML 

ISO10303 

Reference 
architectures 

ISO/TS 18101-1 ISO 30145-3 ISO23427 

 

We note the reference architecture standards but doubt that they will be of use in this work 
beyond providing a check list of components that may be needed in a specific digital twin 
architecture.  The rest of this section presents the other standards shown in more detail, 
discussion how they can be developed and made to work together in the CPSC. 

4.4 The product twin: Asset administration shell 
A product twin is the twin of a system (usually a physical artefact) that is sold as a product. 
The example used above was a pump. In the CPSC this product is supplied by an OEM and 
there is a need to exchange or share information about that product with customers – both 
integrators (the EPC) and end-users. Historically, this information was offered in paper and 
proprietary formats.  

 

The Industry 4.0 initiative in Germany (Heidel et al. 2019) proposed the Asset Administration 
Shell (AAS) as a way of providing interoperability for product information across the lifecycle. 
The basic principle of the AAS is simple. The standard defines a data structure, a shell, 
which can be embedded with a product or associated with an asset - a product or system. 
The role of the shell is to expose information about the asset and its behaviour in a standard 
format. The shell can expose static design or commercial information, for example nameplate 
data, user manuals and specification sheets (Wagner et al. 2017). A Type II shell can also 
expose time-series data and events from a system in operation. Here the communication 
uses the OPC UA standard. 
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Industrie 4.0 describes the AAS implements the digital twin of an asset. I disagree with this 
assessment, without doubting that the AAS can be a valuable tool in building and operating 
digital twins. It provides a valuable tool for organizing and exchanging information in a 
structured way, with defined semantics. 

 

The AAS can be used in our ecosystem in the following ways: 

• An OEM can transmit and share information about their product using AAS data sets. 
The EPC and Operator can load this data into their systems without manual 
intervention. 

• An AAS can be used as a “self-addressed” envelope to facilitate exchange of 
information between parties. An operator can fill an AAS with their metadata for some 
design artefact and set it to the EPC. The EPC the uses this metadata to produce the 
engineering product, packs the product into the AAS and sends this back to the 
operator. The operator can then unpack the AAS into their own systems, again with 
minimal human intervention. 

• An installed component can offer an AAS interface, implemented using OPC UA, for 
use in control system integration or digital twins. An example of this is given by Müller 
and Schuhmann (2020), who describe an application to central monitoring and 
troubleshooting of pumps in BASF. 

 

An important point in using the AAS is that information in the shell must be typed with agreed 
semantics. We need to agree on variable types, units of measurements and naming of 
equipment components. This means that a great deal of work is being done to define 
standard data models for shells, as AAS companion standards, with corresponding OPC 
standards. Work thus far has focused on manufacturing and the electrical components 
industry. This means that the identifiers for parameters in the standard shells have been 
taken from reference data in the IEC/CDD (https://cdd.iec.ch) or ECLASS library 
(https://eclass.eu/eclass-standard/content-suche). Extension to the CPSC will require 
support for reference data and data models that are relevant for the capital project supply 
chain. These are described in the next section. 

  

4.5 Plant and process digital twins 
4.5.1 Plant twins: ISO15926, ISO10303, BIM (ISO16739), DEXPI, CFIHOS. 
A digital twin of a complex capital facility requires a vocabulary and set of concepts that can 
be used to describe data and its relation to the equipment in the facility. This need was 
recognized in the 1980s and led to the development of the ISO10303 STEP standards, with 
a divergent standard, ISO15926 (Leal, 2005; Yacout and Ebrahimipur, 2015) for use in the 
process industries. 

 

Corresponding models for the built environment and construction are provided by the BIM 
and ISO16739 Industry Foundation Classes (IFC). Otto and Bartels (2018) present an 
overview of how IFC can be combined with Facility Modelling data to provide a digital twin of 
a building. 

 

https://cdd.iec.ch/
https://eclass.eu/eclass-standard/content-suche
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These three standards need to be able to work together in future process and energy 
developments. The process production facility is located in a civil construction and 
incorporates products modelled using ISO10303. Efficient ways of doing this remains a 
research and implementation challenge. 

 

Braaksma et al. (2011) discussed how these standards, notably ISO15926 and ISO10303, 
had technical issues that affected implementation. The limitations they identified were: 

• A slow development process for standards. 
• A lack of stability in standards. 
• Complexity of the architecture of the standards. 
• Extent to which ontological, i.e., semantic and philosophical, problems hinder the use 

of the standards. 
• Poor performance of the standards when applied. 
• Cost of access to the standards when published by organizations like ISO and IEC. 

In addition, the EXPRESS language used for both ISO10303 and ISO15926 is dated and is 
not widely used outside the community. For this reason, both standards have been re-
expressed in more recent, widely accepted languages such as OWL and RDF. 

 

In addition, ISO15926 uses an idiosyncratic and complex knowledge model (Batres et al., 
2007; Smith (2006)). For this reason, successful initiatives based on ISO15926: CFIHOS 
(https://www.jip36-cfihos.org/cfihos-standards/ ) and DEXPI (Wiedau et al., 2019) have 
largely ignored the ISO15926-2 knowledge model and simply used ISO15926-4 reference 
data as a dictionary. For this reason, the READI (https://readi-jip.org) project has worked on 
a knowledge model for industrial processes that avoids the complexities of ISO15926-2 and 
supports automated reasoning. 

 

Together the CFIHOS, DEXPI and READI initiatives have addressed the challenges related 
to slow development, complexity, ontological problems and cost of access. When integrated 
with AAS, they show promise as a framework for documenting the as-built information 
needed to build a plant digital twin. 

 

These models, especially as implemented by CFIHOS, DEXPI and IFC are well suited to 
modelling the physical components in the plant. However, they impose a single way of 
looking at the facility that is centred on the installed equipment. This is natural, but the 
approach poses challenges for dealing with the process that the facility is built for. It also 
requires a semantic unification that Gielingh (2008) considers impossible. The model does 
not allow different disciplines to model their processes and requirements in their way. 
Everything has to do with the installed equipment. 

 

This focus on installed equipment is valuable when we wish to concentrate on the 
maintenance and integrity of the equipment. Plant digital twins have the potential to provide 
the decision support needed for reliability engineering, condition-based maintenance and 
zero-defect maintenance. See for, example, Hodkiewicz et al. (2022). 

 

https://www.jip36-cfihos.org/cfihos-standards/
https://readi-jip.org/
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4.5.2 Systems and Aspects: ISO/IEC 81346 and the Information Modelling 
Framework 

On this basis, we have adequate models for representing installed equipment and as-built 
with a tag structure. However, we lack models for systems thinking, top-down design and 
aspect-oriented digital twins. When we design a facility, we first consider what the facility will 
do, the process. Only once this is done can we determine what the facility is, the plant. We 
therefore need to consider how the facility is broken down into functional systems which are 
the realized by assemblies of equipment. This can be shown in the following figure, from 
Cameron et al. (2022b).  

 

The ISO/IEC 81346 series of standards are useful here. They use the concept of aspect 
systems, which is well described by Marquardt (2010) and Morbach et al. (2008). A capital 
facility is viewed as a system that can be broken down into objects, representing sub-
systems, according to various aspects. Each aspect represents a distinct view on the 
system.  

 

ISO/IEC 81346 specifies three primary aspects for objects (Balslev 2020): 

• what an object is intended to do or what it actually does: the function aspect. Objects 
in this aspect are coded with an equals (=) sign. This aspect models the process. 

• the means by which an object does what it is intended to do: the product aspect. 
Objects in this aspect are coded with a minus (−) sign. This aspect models the plant. 

• the intended or actual space occupied by the object: the location aspect. Objects in 
this aspect are coded with a plus (+) sign. This allows linkage between the other 
aspects and geometrical models. 

The standard also permits the use of additional, user-defined aspects.  

 

 
Figure 9. Use of process and equipment aspect models to implement a V development process, capture 

process and equipment requirements for use in a process and plant twin (from Cameron et al. (2022b)). 



104 
 

Practitioners report R&D Project – Final 15th December 2022  
 

ISO/IEC81346 is a reference designation system (RDS), it provides reference data for 
breaking a facility or construction into sub-systems with defined types. It also provides codes 
for naming these objects. A standard set of designations is published in ISO/IEC81346-2 and 
standardized, industry-specific variants have been developed for construction 
(ISO/IEC81346-12, Balslev, 2020), chemical process systems (DIN 6779-13), power systems 
(ISO/IEC81346-10) and oil & Gas (https://readi-jip.org/reference-designation-system-for-oil-
and-gas/).  

 

This set of designation systems provides a means for interconnecting and interoperating 
between different domains that need to work together. The process and energy capital 
project of the future will need to bring together models from construction, process and power. 

 

The RDS provides a system-oriented way of breaking down processes. In the product 
aspect, we can align objects in this model with objects in a breakdown based on BIM, 
CFIHOS, DEXPI or ISO10303. However, the functional aspect frees us from this tight 
connection to installed equipment. The workflow is that conceptual and process design is 
based on breaking the facility into functional systems, represented by function aspect 
objects. These objects can then be realized by assemblies of product aspect objects. This 
realization provides the linkage between a plant model and its process model. 

 

The RDS identifies objects. However, to provide a model that can represent engineering data 
and tracking requirements, we need to build data structures behind these objects. These 
data structures must provide interfaces for the exchange of material, energy or information 
between objects. They also must support parameters that describe the function, product or 
location object. Such a data model can be implemented using the SysML language, or 
indeed any graph language that permits parameters on nodes and connections. Models of 
this type are being developed as a joint industry project, IMF (https://readi-jip.org/asset-
information-modelling-framework/) and as an extension of the DEXPI standard to cover 
process flow diagrams. Examples of these models are given in Cameron et al. (2022). 

 

Each discipline in a project can build their own functional and system breakdowns. Thus, in a 
project there will be a system breakdown for process engineering, electrical, HVAC and 
automation. These models will expose interface points at which the disciplines must 
collaborate. These are made explicit in the model and can be tracked. Thus, the process 
model will identify a need for a pumping system, which will require an electric driving system. 
This functional need can be linked to a functional block in the electrical domain as a demand 
for electrical power. The pumping system will be realized as an assembly of piping, valves, 
pumps and motors. The motor object in the process product model can be connected to a 
power supply object in the electrical product model. Using these mechanisms, it would be 
possible to simplify and improve the quality of interface control. 

 

4.5.3 Process twins 
We believe that this separation of process from plant in information modelling will help in the 
development and implementation of digital twins for facility operations. Plant operators and 
managers are interested in how the facility is running. They need to benchmark and ensure 

https://readi-jip.org/reference-designation-system-for-oil-and-gas/
https://readi-jip.org/reference-designation-system-for-oil-and-gas/
https://readi-jip.org/asset-information-modelling-framework/
https://readi-jip.org/asset-information-modelling-framework/
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that the facility is fulfilling its functional requirements. They need a digital twin that focuses on 
these requirements. Unfortunately, much of this rationale and functional information is buried 
in information about the equipment. We believe that the separation of process from plant 
proposed will help. 

4.6 The project twin:  
The project twin is built around the planning and scheduling tools. The aim of the project twin 
is to be able to monitor, simulate and predict project progress, efficiency and cost. The ILAP 
project, a Norwegian joint industry project, developed a semantic model and interface 
protocol for exchanging data between commercial scheduling tools. This allows machine-to-
machine exchange of schedule data between these tools. The project results have been 
standardized as ISO15926-13.  

 

We believe that this integration standard can provide a foundation for implementing richer 
on-line planning systems – project twins – for capital projects.  

4.7 Integrating the product, process and plant twins 
In summary, we believe that current standardization efforts provide an opportunity to build a 
fruitful interactive set of digital twins in the CPSC. The elements needed are as follows: 

• Asset administration shells are used for exchange of information and publication of 
product data for use in process and plant twins.  

• OPC UA communication is used for all sensors and other sources of time-series and 
event data. 

• Good reference data is need for process activities. These can then be used to define 
standard types for modelling blocks in the functional aspect that can be used in 
ISO/IEC81346-derived models of facilities. Current reference data in ISO15926-4 is 
incomplete and idiosyncratic. A more promising approach is to start with this data and 
align it with the system types in ISO/IEC81346. Work by Cameron et al. (2022b) has 
shown that this approach is feasible in the chemical engineering domain. 

• Modelling blocks in the product aspect are well defined by CFIHOS and DEXPI. They 
are typed using reference data about equipment types. Based on our experience, it 
could be straightforward to use the systems modelling approach described above to 
align CFIHOS, DEXPI and BIM models. Alignment with ISO/IEC81346 is both feasible 
and possible. 

• A better foundational knowledge model is needed to support these information 
models. The philosophical presuppositions and complexity of ISO15926-2 makes it 
unsuitable for this role. We need a simpler, understandable foundation that supports 
both physical objects and conceptual systems. The proposed ISO15926-14 standard 
(https://readi-jip.org/digital-reference-data-library-based-on-iso-15926-part-14/ ) 
provides such a foundation. 

• The information modelling we have described needs to be linked to work practices 
and project schedules. The ILAP, ISO15926-13 standard provides a starting point for 
this work. 

 

The standardisation efforts described here are being tried out in practice in the NOAKA field 
development. Preliminary results of the work are promising. However, effort is needed to 
gain acceptance for the results. This needs engagement from the industry and academia in 
initiatives such as DEXPI, the Industrial Digital Twin Association and IOGP. 

https://readi-jip.org/digital-reference-data-library-based-on-iso-15926-part-14/
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5 Conclusion 
5.1 Prospects for digital twins 
This paper started with the observation that the digital twin was a powerful metaphor. It is 
also, however a hyped concept. It is therefore essential that digital twin projects deliver 
results. If not, the current window of opportunity will close, and “digital twin” will be written off 
as being just another passing marketing fad. 

This would be unfortunate, as the implementation pattern behind the digital twin remains 
valid and is, I believe, an essential tool for delivering value from investments in digital 
technology. Ensuring success will require a realistic understanding of the features and 
limitations of the technologies we use. It will also require strategically guided implementation 
plan that delivers measurable value in increments, using legacy systems where necessary. 

 

5.2 A research agenda 
The vision of digital twins requires a research program that works on the complex technical 
and business challenges in a committed collaboration with the industrial parties in the supply 
chain and their software vendors. This is shown in Figure 10. 

 
Figure 10. A research agenda for digital twins (adapted and updated from Cameron et al. 2018) 

The list of activities is not exhaustive but includes. 

• Semantic backbone: we need to build knowledge models that can be maintained by 
domain experts and that tell us the significance of each data item and its relationship 
to the system to be twinned. 

• Simulation of cloud deployment: digital twins are complex IT systems, especially 
when deployed in the cloud. It is possible to build a twin of the twin deployment, using 
simulation, to ensure that the digital twin application is robust and makes efficient use 
of computing resources. 

• Use of unstructured data. Textual information needs to be linked into the data used 
by digital twins. Text-based requirement documents need to be converted into 
computable statements of requirements. 

• Support for data science workflows. The classic data science workflow is a batch 
process. Digital twins allow automation of these flows.  
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• Faceted user interfaces. A digital twin can provide a “firehose” of data for users. We 
need to make visualisations and user interfaces that filter information so that the user 
gets the information we need. 

• Standardization of semantics and interfaces. This requires tooling that supports easy 
adoption and use of proposed standards. 

• Use of streaming data from sensors. Work is still needed to interpret time-series and 
streaming data and contextualize it in the digital twin. 

• Hybrid analytics. Digital twins represent systems that can be modelled using physical 
principles and logic. Purely data-driven methods of machine learning are useful as 
well. Digital twins provide a natural context for developing hybrid models, where 
machine learning is combined with physical modelling and logic to produce robust, 
predictive and explainable models. 

• Adoption and acceptance. Business and information systems research is needed to 
ensure that digital twins are embedded in good work practices and meet real 
business needs. 

• Managing digital twins. We need to embed the digital twins into the organizations and 
ecosystems. Data sharing and supply-chain integration will change the way we need 
to manage our production. 

• Digital twins in organizations. Digital twins will change the way we work in 
organizations. They will change the way decisions are made and will challenge 
existing patterns of authority and responsibility. Research is needed to avoid 
undesired consequences. 

 

In conclusion, successful adoption of the digital twin will require technical innovation, political 
skill, business insight and organizational skills. There is substantial potential and need for 
interdisciplinary research and development in collaboration with our industrial stakeholders. 
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Appendix 1:  
Questionnaire 

Project No. 1: Project Execution Models and Digitalisation 

Q Topic Response 
A. Current Practice in Project Management and Execution 

1 Is the Project Execution Model in your organisation Stage Gate based with firm 
decision gates between the stages/phases? 

  
Yes or No 
 

2 The Decision Gates Support Package;  
• How is it generated, and who are involved? 
• Is that based on a firm set of check list? 
• Is the primary focus on the internal readiness of the project in question to next 

phase/stage?  
• How is business enterprise reflected in the check lists at the Decision Gates 

catering for project governance and portfolio aspects? 
• How is project and industry specific segments reflected in the project execution 

model, eg green field oil & gas, offshore and onshore wind projects etc.  
 

 A brief response and explanation 
 
Response if you have a practice of including portfolio perspective and project 
governance at GO/NOGO for decision at the decision gates 
 

3 Which project phases are covered in current Project Execution Model? 
• The main project phases only; from conceptual design through construction, 

commissioning and handover? 
• Is FEED included? 
• Is Operation phase included? 
 

 A brief explanation  
 
 
 
 

4 In which way and to what extent is digitalisation included in the project 
execution and management according to current  Project Execution Model? 
 

 Briefly explain 
 
 
 
 
If you should make a score: provide an estimate/figure on to what extent 
Scale score. 1: Marginally, 2. Insignificantly 3: To some extent, 4; Significantly,  
5; To a large extent, 6: Fully implemented and in use  
 

5  What are the benefits and experiences so far by using digitalisation in 
management and control of projects in terms of such as 
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• Reliability and quality of the project delivery 
• Efficiency 
• Transparency 
• Traceability 
• Etc. 

 Briefly explain 
 
 
 
 
If you should make a score: provide an estimate/figure 
Scale score. 1: Marginally, 2. Insignificantly 3: To some extent, 4; Significantly,  
5; To a large extent, 6: Radical impact and enhances competitiveness   
 

6 What are so far the experienced & explicit benefit by utilising digital twins in 
your projects? 
 

 
 

Briefly explain 
 
 
 
 
 
 

7 To what extent is Big Data, IOT, Machine Learning, AI and AR, utilised in the 
current management and performance control in projects? 
  

 Brief explanation 
 
 
 
 
If you should make a score: provide an estimate/figure 
Scale score. 1: Marginally, 2. Insignificantly 3: To some extent, 4; Significantly,  
5; To a large extent, 6: Fully implemented and in use  
 

8 How do you consider digital maturity in your project organisations? 
 

 Briefly explain 
 
 
 
 
 
Judge by scoring: 
1: Poor/resistor. 2: Explore. 3: Beginner 4: Transformer. 5: Disrupter/Full utilisation of 
digitalisation 

9 How is enhanced capability of digital inter connection among parties involved  
influencing the project organisation and performance driven value creation? 
• To what degree is that utilised in current practice of project management and 

execution? 
  
 

 Briefly explain 
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If you should make a score: provide an estimate/figure 
Scale score. 1: Marginally, 2. Insignificantly 3: To some extent, 4; Significantly, 
 5; To a large extent, 6: Radical impact and create new features 

10 How is the project organisation, roles and responsibility affected by 
digitalisation in current execution models and approaches? 
 
 

 Briefly explain 
 
 
 
 
 
 
If you should make a score: provide an estimate/figure 
Scale score. 1: Marginally, 2. Insignificantly 3: To some extent, 4; Significantly,  
5; To a large extent, 6: Radical impact and reeengineering the organisation  

  
 

B. Mapping Future Potential Benefits of using fully digitalised and 
seamless Project Execution Models 

   
11 Identifiy overall value potentials and likely benefits of using seamless and fully 

digitalised Project Execution Models 
• List of desired and potential key features 
 

 Brief introductory reflections 
 
 
 
 
 

12 Dynamic capability of managing the VUCA world for projects, covering: 
• Volatility in markets and concepts 
• Uncertainty 
• Complexity 
• Ambiguity 
How may digitalisation provide you with enhanced capabilities of mastering 
such an unpredictable and turbulent project environment?  

 Briefly explain 
 
 
 
 
 
 
 
 
 
If you should make a score: provide an estimate/figure 
Scale score. 1: Marginally, 2. Insignificantly 3: To some extent, 4; Significantly,  
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5; To a large extent, 6: Critical and necessary for enhanced confidence and reliability 
under  turbulent and unpredictable business environments 

13 Value creation and product delivery 
• What are the primary desired benefitial effects of digitalisation in projects? 
• How may new ways of collaboration, inter connection and interaction 

among parties involved during the project execution develop for improved project 
execution performance?  

 
 Briefly explain 

 
 
 
If you should make a score: provide an estimate/figure relatde to bullet point 2 
Scale score. 1: Marginally, 2. Insignificantly 3: To some extent, 4; Significantly 
, 5; To a lrage extent, 6: Radically  and disruptive creating new business models and 
connected value networks 

14 Impact of digitalisation on circular economy  
• Maximizing NPV over life cycle including demolition 
• Enhanced sustainability 

 Brief Reflections 
 
 
 
If you should make a score: provide an estimate/figure to what extent 
digitalisation may impact 
Scale score. 1: Marginally, 2. Insignificantly 3: To some extent, 4; To a large extent, 
5; Essential and critical, 6: Disruptive and radical impact  

15 Future impact on planning and execution approaches 
• Achievement of agile and dynamic capability through digitalisation 
Is iterational perspectives viable and realistic in large complex construction projects? 

 Briefly explain 
 
 
 
If you should make a score: provide an estimate/figure 
Scale score. 1: Marginally, 2. Insignificantly 3: To some extent, 4; Significantly, 
 5; To a large extent, 6: Full impact and achievement of Real Time Features 

16 How may digitalisation impact project control through 
• Monitoring and contextualisation of data  
• AI and deep machine learning 
• Predictions and prescriptions 
• Real time condition monitoring and fit for purpose assessments 
 

 Brief reflection 
 
 
 
If you should make a score: provide an estimate/figure 
Scale score. 1: Marginally, 2. Insignificantly 3: To some extent, 4; Significantly,  
5; To a laarge extent, 6: Fully and fundamental, achieving Real Time monitoring 

17 Integration of Projects and Operations 
• How may digitalisation create opportunities of integrating project phases and 

operations for life cycle perspectives? 
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Brief explanation 
 
 
 
If you should make a score: provide an estimate/figure 
Scale score. 1: Marginally, 2. Insignificantly 3: To some extent, 4; Significantly   
5; To a large extent, 6: Next generation project execution full Business optimization 

18 How may digitalisation create opportunities of integration of exploration and 
exploitation in a life cycle perspective? 
• From reservoir development through project development by real option value 

principles; realistic in future? 
• Including FEED- project development & Operations life cycle 

 Brief description 
 
NB: For those it is relevant 
 
If you should make a score: provide an estimate/figure 
Scale score. 1: Marginally, 2. Insignificantly 3: To some extent, 4; Significantly   
5; To a large extent, 6: Next generation project execution full Business optimization 
 

19 Impact of digitalisation on future project organisation design 
• Organisation structure 
• Roles 
• Desired competence in project team 
• Demand for digital analytics core competence 
• Interaction with base organisation  

 
 
 
 
 

Brief explanation 
 
 
 
If you should make a score: provide an estimate/figure 
Scale score. 1: Marginally, 2. Insignificantly 3: To some extent, 4; Significantly   
5; To a large extent, 6: Next generation project execution, & Business optimization 

20 Adaption and implementation of Industry 4.0 features and characteristics 
Rate of implementation through digitalisation  
(the life cycle perspectives in Industry 4.0) 

 Brief reflection 
 
Response if you are aware of the features in Industry 4.0 
 
 

21 Cyber Security Issues in project execution models 
• Impact of future potential of digitalisation on resilience and robustness 
Fact or fiction? 

 Brief explanation 
 
 
If you should make a score: provide an estimate/figure 
Scale score. 1: Marginally, 2. Insignificantly 3: To some extent, 4; Significantly   
5; To a large extent, 6: Next generation project execution  
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Project 2: Impact of Digitalisation on Decision Making & Processes 
 

Decision Making related to 

 

• Project Management Processes 
o Planning processes 
o Execution management processes 
o Leadership 
o Organisation processes 

• Product & Work Processes 
o Main Work Processes in the Value Creation 

• Support Processes 
o Logistics and supply chain 
o Financing and liquidity processes 
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Q Topic Response 
C. Current Practice in Project Management Decision Making 

and degree of using digital tools  
  

Overall considerations 
 

 To what degree are digital tools applied in main decisions in  
• Licence and management committee?  

 Briefly summarize 
 
 
 
Only if appropriate 
 
 

 To what degree are digital tools applied in main decisions in  
• technical committee? 

 Briefly Summarize 
 
 
 
Only if relevant 
 
 

  
  

Project Execution Specific Questions 
 

1 Feasibility stage  
How is current decision making practice and process in the project environments 
during the feasibility studies  
• Creation of alternatives 
• Screening of alternatives  
• Criteria for assessments  
• Who are involved 
• Roles and responsibility 
• To what degree is digital tools and models applied? Digital Twins etc 
 

 Briefly describe 
 
 
If you should make a score: provide an estimate/figure 
Scale score. 1: Marginally, 2. Insignificantly 3: To some extent, 4; Significantly,  
5; To a large extent, 6: Fully implemented and in use  

2 Conceptual Phase and FEED 
How is decision making practice and process in the project environments during the 
Conceptual phase and FEED  
• Maturity creation of business case alternatives 
• Screening of alternatives  
• Criteria for assessments  
• Who are involved 
• Roles and responsibility 
• To what degree is digital tools and models applied? 



120 
 

Practitioners report R&D Project – Final 15th December 2022  
 

 
 Briefly describe 

 
 
 
If you should make a score: provide an estimate/figure 
Scale score. 1: Marginally, 2. Insignificantly 3: To some extent, 4; Significantly,  
5; To a large extent, 6: Fully implemented and in use  

3 Design & Construction phase 
How is decision making practice and process in the project environments during the 
design and construction  
• Creation of alternatives 
• Screening of alternatives  
• Criteria for assessments  
• Who are involved 
• Roles and responsibility 
• To what degree is digital tools and models applied? Digital twins, AI etc 

 Briefly describe 
 
 
 
 
 
If you should make a score: provide an estimate/figure 
Scale score. 1: Marginally, 2. Insignificantly 3: To some extent, 4; Significantly,  
5; To a large extent, 6: Fully implemented and in use  

4 Commissioning & Hand Over to Operation 
How is decision making practice and process in the project environments during the 
Commissioning and Hand over to Operations  
• Criteria for assessments  
• Who are involved 
• Roles and responsibility 

To what degree is digital tools and models applied? 

 Briefly describe 
 
 
 
 
 
If you should make a score: provide an estimate/figure 
Scale score. 1: Marginally, 2. Insignificantly 3: To some extent, 4; Significantly,  
5; To a large extent, 6: Fully implemented and in use for decisions 

5 Product Life Cycle Perspectives 
• Are product life cycle perspectives an integrated part of the the project scope and 

business cases? 
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Are digital tools and models extensively applied for the purpose of life cycle 
optimalisation, such as next generation digital twins, AI and machine learning, 
AR etc.? 
 

 Briefly describe 
 
 
 
 
 
 
 
If you should make a score: provide an estimate/figure 
Scale score. 1: Marginally, 2. Insignificantly 3: To some extent, 4; Significantly,  
5; To a large extent, 6: Fully implemented and in use  
 

 

   
D. Mapping Future Potential of Digitalisation on Decision Making  

Likely discussed in a Workshop 
 
 
 
 
 

 
Decision making main categories and use of digital tools: 

1. Periodic and repetitive decisions 
2. Strategic and one-off stand alone decisions 

  
6 Periodic and repetitive decisions 

Identify and map the key decisions of periodic and repetitive nature in projects linked 
to: (ref ISO 21500) 
• The project management processes 
• The product and work processes 
• The support processes 
 

 Briefly describe 
 
 
 
 

7 Degree of Autonomy in repetitive decisions as functions of digitalisation 
Identify the potential degree of autonomy in the periodic and repetitive decisions 
generated in the three main process groups as included under 6 
 

 Briefly describe 
 
 
 
 
 
If you should make a score: provide an estimate/figure 
Scale score. 1: Marginally, 2. Insignificantly 3: To some extent, 4; Significantly,  
5; To a large extent, 6: Fully implemented and in use  

8 Strategic and one-off stand alone decisions 
Identify and map the key decisions of strategic and stand alone in projects linked to: 
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• The project management processes 
• The product and work processes  
• The support processes 
(See figur eon front page) 

 Briefly describe 
 
 
 
 
 

9 Degree of Autonomy in strategic and stand alone decisions in the context of 
digital features and tools 
Identify the potential degree of autonomy in the strategic and stand alone decisions 
generated in the three main process groups as included under 8; or is it still limited to 
providing evidence based and digitally generated decision facts basis? 
 

 
 

Briefly describe 
 
 
 
 
If you should make a score: provide an estimate/figure 
Scale score. 1: Marginally, 2. Insignificantly 3: To some extent, 4; Significantly,  
5; To a large extent, 6: Fully implemented and in use  

10 Identify the impact of utilising digitalisation in decision making on 
• Project organisation design and structure 
• Roles and responsibility 
• Interaction among licence partners (when relevant) 
• Interaction between the field development project and the base organisation 
• Interaction and governance of main contractors 
• Communication and stakeholder and expectation management 

 Briefly describe 
 
 
 
 
 
If you should make a score: provide an estimate/figure 
Scale score. 1: Marginally, 2. Insignificantly 3: To some extent, 4; significantly, 
5;To a large extent, 6: Radical impact and fully reengineered project organisation 
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