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Abstract 28 

Complex Projects and Megaprojects are increasingly shaped by new enabling technologies and new demands from 29 

businesses including how people are treated when working on these endeavours. This is often referred to as the Fourth 30 

Industrial Revolution (4IR). Project leaders and practitioners are not fully leveraging the opportunities unlocked by the 31 

4IR and project performance shows little signs of improvement despite the highly innovative and collaborative 32 

environment that the 4IR stimulates. This paper discusses this challenge and concludes that a significant reason why 33 

these benefits are not being realised is because there is a competence gap in both the project leader and practitioner 34 

communities. These communities are attempting to deal with 21st Century issues using competences, toolsets and a 35 

mindset created 100 years’ ago. Significant development in competences associated with the 4IR in general are 36 

required. In this paper specific competences are proposed and justified: collaborative working including people, 37 

process and digital components, lean six sigma and agile. Success will be to empower the people who deliver 38 

Megaprojects such that they are able to deliver the planned social value to all stakeholders involved.  39 

Keywords: Megaproject, digitalisation, lean start-up, agile, design thinking, collaboration  40 
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INTRODUCTION  41 

The world of project management is being impacted by two major disruptions in the workplace: firstly digital 42 

technology is changing the social and collaborative environment in which projects are delivered; secondly the change 43 

in public attitudes to human-centred factors such as equality, diversity, inclusion, mental-health and wellbeing means 44 

that many autocratic project management principles are no longer compatible with the zeitgeist of the modern 45 

business world. These two factors contribute to the 4th industrial Revolution (4IR) that is creating a new way of working 46 

for the 21st Century. This should inspire a positive shift in project planning, delivery and operational performance. 47 

Greater collaboration enabled by digital tools should stimulate innovation and speed up decision-making resulting in 48 

the ability to react faster to changes and risks. The ability to fully utilise all the knowledge of a diverse set of people 49 

who feel more able to contribute should also foster a similar improvement in innovation and avoid “group-think” 50 

failures (Greco, 2017). However, there is limited evidence that project performance is showing any significant 51 

improvement and many projects continue to exhibit abject performance metrics (Locatelli, 2018). 52 

There is extensive debate in the literature about the performance of Megaprojects. Using the Iron triangle as a model 53 

(performance in terms of cost/budget, schedule/time, quality/scope) there are different perspectives. Merrow 54 

analyses 318 Megaprojects showing how the majority are delivered consistently over budget and late (Merrow, 2011). 55 

Locatelli scrutinised 30 transportation infrastructure Megaprojects showing how the majority are delivered over 56 

budget and late (Locatelli, et al., 2017). However, the literature shows that there are also Megaprojects that delivered 57 

reasonable time and budget performance such as the Rotterdam metro extension (Giezen, 2012). Recently, there has 58 

been a vivid debate in the literature (Flyvbjerg, 2018), (Flyvbjerg, 2019) and (Love, et al., 2019) about the extent of 59 

overruns and delays in Megaprojects as well as the reasons. 60 

Most projects reviewed or experienced by the authors are still delivered in a very conventional way using traditional 61 

project management tools, competences and mindsets. This results in a failure to create a modern environment in 62 

which the two disruptions (digital technology and human-centred operating models) can thrive and deliver benefit. 63 

Therefore, there is little noticeable change in project management performance despite the significant steps forward 64 

in the business environment. Traditional project management tools and competences were mostly codified 100 years’ 65 

ago (Taylor, 1911), (Fayol, 1916) and (Gantt, 1919) and were developed for a non-digital/machine-centred world. 66 
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Modern management tools and techniques can support the development of collaborative environments where people 67 

can use the full range of their skills to maximise the chance of project success. Approaches such as lean (Locatelli, 68 

2013), six-sigma (Parast, 2011), systems engineering (Locatelli, et al., 2014) and agile (Serrador & Pinto, 2015) have all 69 

been developed mostly outside the project management environment over the last quarter of the 20th century and 70 

early 21st. These techniques focus on collaboration, innovation, discovery of requirements and they value the 71 

innovative unpredictability of the human being. There is remarkable evidence that adoption of some of these 72 

techniques produce significant improvements in a project’s delivery performance. Saab’s development programme 73 

for its Gripen E fighter jet was established in a fully agile environment, using Agile techniques, and the results have 74 

been dramatic with all performance parameters exceeding the competitor Lockheed programme  (Furuhjelm, et al., 75 

2017). 76 

This paper will show that there are a set of technical competences in addition to the traditional project management 77 

“toolbox” that are required by those leading and delivering Megaprojects in the 4IR world. This will be demonstrated 78 

by examining how these competences are used by teams working in other sectors that are successfully using 4IR 79 

technologies and assessing their relevance to Megaprojects. By developing these competences project leaders and 80 

practitioners will be able to understand and therefore derive the potential benefits of using 4IR technologies and 81 

methodologies on Megaprojects. This in turn will stimulate enhanced project performance more aligned to the 82 

benefits being accrued in other industrial and commercial sectors.  83 

BACKGROUND TO THE FOURTH INDUSTRIAL REVOLUTION (4IR) 84 

The 4IR relies on a well-connected ‘digital thread’, a seamless flow of data from design to production  (Cotteleer, et 85 

al., 2016). Etymologically, the term ‘digital’ refers to using or storing data or information and it has come to represent 86 

the key enabler of 4IR. To this end, various digital technologies shape the digitisation of data in businesses and projects, 87 

which in turn allows for digitalisation of the associated processes, towards the eventual digital transformation of the 88 

industry, and competences required that enable and improve the efficiency of the work (Papadonikolaki, 2020). 89 

Digitisation refers to the transfer of information from analogue to digital, whereas, digitalisation refers to the process 90 
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of changing manually transacted business to digitally automated business  (Gartner, 2013), (Ross, 2017). According to 91 

the Institution of Civil Engineers (ICE, 2017) digital transformation is: 92 

“the application of digital technologies to all aspects of human life. [In this report] it applies to the wholesale changes 93 

in how our industry designs, builds, operates, maintains and decommissions assets. It also refers to the transformation 94 

of how we value data, and the impacts upon processes and systems, and ultimately decision making.” 95 

A useful concept for understanding the challenges posed by the 4IR and digital transformation is the ‘Digital Vortex’. 96 

The Digital vortex describes how digital technologies are forcing a change (disruption) in business practices in such a 97 

way that no business sector will escape its disruptive effects (Wade, et al., 2017). It can be thought of as the inevitable 98 

movement of industry actors toward a digital centre in which their business models and value chains are digitised to 99 

the maximum extent possible (Bradley, et al., 2015). (Christensen, 2013) defined disruption as a process characterised 100 

by radical and rapid change and it is often driven by technological innovation. Incumbent organizations who fail to 101 

respond to digital change are replaced by new entrants (Christensen, 2013). Moreover, industry architectures often 102 

change significantly (Henderson, 1990) and digital becomes a core competence of the business rather than a bolt-on 103 

(Gill, 2016). A report by the Global Centre for Digital Business Transformation, through an IMD and Cisco initiative 104 

revealed that executives are increasingly recognizing the positive aspects of digital disruption (Wade, et al., 2017). 105 

Digital disruption is growing across industrial sectors and has gathered significant traction (Wade, et al., 2017). This 106 

study found that the average time to disruption, that is a “substantial change” in market share among incumbents, 107 

was as little as 2-3 years and is accelerating.  108 

The construction sector is also on the verge of being disrupted by the Digital Vortex  (Bradley, et al., 2015). Until now, 109 

the asset-heavy, business-to-business industries in the outer rim of the Digital Vortex have had little cause to worry 110 

about digital disruption. However, recent evidence suggests that these industries can be quickly pulled into the centre 111 

of the Vortex. The transportation and logistics industry, for instance, is under enormous pressure from technologies 112 

such as self-driving cars, electric vehicles, and disruptors such as Amazon Logistics and Uber (Manners-Bell & Lyon, 113 

2019). The healthcare and energy industries similarly face competitive pressures from non-traditional sources 114 

(Schwab, 2017). These industries are beginning to take the threat of digital disruption seriously, as evidenced by their 115 

investments in new business models, digital capabilities, and digital competences (Figure 1). 116 
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 117 

Figure 1: Industries safeguarding themselves against digital disruption 118 

The response of the most successful companies to life and business in the Digital Vortex is to adopt new ways of 119 

working, which puts people at the centre. Increasing the speed of feedback from the customer, curating data, resulting 120 

in more informed decision making and enabling rapid change even to products currently in production. This is called 121 

Digital Business Agility (Wade, et al., 2017). 122 

Wade further shows evidence that large infrastructure projects are being disrupted by digital technologies and are 123 

developing business agility to address it (Wade, et al., 2017). More effort is needed at the onset of the project to design 124 

a bespoke organisation (or delivery model) to embrace the 4IR benefits. A recent study systematically found that digital 125 

information transforms project delivery models (Whyte, 2019). Using Megaprojects as context, the study identified 126 

transformations related to knowledge codification and the transition from paper documentation to digital workflows. 127 

By scrutinising three Megaprojects delivered in the UK, it identified three variations of project delivery models and 128 

how the relationships between client and supply chain are dictated in digitally enabled project delivery. These models 129 

are focused on 1. Owner-operator, 2. Pop-up client, and 3. Integrated pop-up client. These models describe how 130 

changing supply chains and relationships with owners, operators, and end users in digitally enabled project delivery 131 

are addressed. In addition, new generations of integrated solutions were observed, showing how project deliverables, 132 

supplier interactions, and relationships with owners, supply chain and end users transform. This transformation is due 133 

to the digital information becoming a deliverable. The findings corroborate the findings of an earlier study which found 134 

that working in a digitally enabled project environment drives towards life-cycle operation information and ensures 135 

knowledge transfer access all project phases (Krystallis, et al., 2015). 136 
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Westerman found that businesses not only require digital initiatives, but also high competences in transformation 137 

management to enable them to outperform others in revenue generation, profitability and market valuation 138 

(Westerman, et al., 2012). Business leaders position themselves for future success and power up their teams with new 139 

digital competences. Gill asserts that five digital competences are important in the wake of the 4IR: product ownership, 140 

customer-centric design, communication, digital governance, and data science (Gill, 2016). 141 

This “Digital Business Agility” is the essential factor that enables organisations to react and reform themselves during 142 

disruption caused by the Digital Vortex. Considering the above, what 4IR competences do the project leaders and 143 

practitioners require to develop Digital Business Agility in their project environments? The remainder of this paper 144 

seeks to answer this question. Note that in this context the project leader is that person responsible for meeting the 145 

strategic objectives for the project and the practitioners are those that use project management methodologies to 146 

deliver the project. 147 

DIGITAL BUSINESS AGILITY AND MEGAPROJECT MANAGEMENT COMPETENCES 148 

A Megaproject can be conceptualised as an extremely large and complex living organisation that is characterised by 149 

three properties. The first is that it is a purposeful system and not a machine as thought of when the traditional project 150 

management approaches were defined and codified (Ackoff, 1974); the second is that it is part of one or more 151 

purposeful systems and the third is that parts of this system, people, have purposes of their own. This view indicates 152 

that organisations have societal, organisational and individual purposes and that how an organisation performs 153 

depends on how it is affected by the people it is staffed with and the systems which is part of (Ackoff, 1981). This 154 

means that Megaproject organisations need to deal with the unpredictability of internal and external stakeholders 155 

and use this to their advantage. (Brand, et al., 2019) identifies that there are three key concepts that are required to 156 

embrace Digital Business Agility. Recent experience in the United States of America (USA) and the United Kingdom 157 

(UK) suggests these same concepts enable successful digital innovation in a Megaproject environment. These concepts 158 

are: 159 

• Design Thinking (Liedtka, 2018) 160 

• Lean start-up (Ries, 2011) 161 
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• Agile at Scale  (Rigby, et al., 2018) 162 

There will be significant iterations among the concepts and there is a degree of overlap but the basic principle remains 163 

that a project needs to create an environment where big, audacious ideas can be generated, where they can be tested 164 

on a small scale and then iterated across the project. These techniques enable the organisation to embrace the 165 

unpredictability of the team members by fostering their creativity (Design Thinking), allowing them to experiment with 166 

new ideas (Lean Start-up) and implementing the ideas that deliver best value across the project by facilitating change 167 

(Agile at Scale). Simplistically this model can be thought of as a three-stage process, shown diagrammatically in Figure 168 

2. 169 

Think Big →Start Small →Learn Fast 170 

 171 

Figure 2 Design Thinking - Lean Start-up - Agile at Scale Model 172 

The Digital Vortex suggests that all sectors will be pulled into the world of digital disruption and there is evidence that 173 

the infrastructure and transport sectors are starting to be disrupted (ICE, 2017). It is therefore important that 174 

Megaproject organisations should embrace the Think Big→Start Small→Learn Fast model and use it to guide them 175 
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through this digital transformation. Coupled with alignment of Megaproject strategies to their existing capabilities 176 

(Lobo & Whyte, 2017) there is a growing need to identify the skills needed for Digital Business Agility. 177 

COMPETENCES NEEDED FOR DIGITAL BUSINESS AGILITY 178 

The operating model for highly agile, digitally enabled organisations adopting a Think Big→Start Small→Learn Fast 179 

mindset requires: 180 

• Integrated (collaborative) working arrangements; 181 

• Lean project delivery systems; and 182 

• Agile product development and delivery.  183 

Organisations need to be integrated, lean and agile if they are to survive the Digital Vortex and take advantage of the 184 

4IR technologies and toolsets. This enables people to work in small teams, empowered to deliver, with automated 185 

oversight, taking rapid decisions and implementing change instantly. This is a very different environment from the 186 

classical model, with large, co-located project teams, working to highly governed processes, organised in siloed 187 

specialist work units, delivering an agreed scope to fixed budgets and timescales with little room to innovate or deal 188 

with enforced rapid change. 189 

The project management approach required to operate at the centre of the Digital Vortex, using the Think Big→Start 190 

Small→Learn Fast approach can be thought of as turning the iron triangle upside down (Figure 3). The classical 191 

approach fixes the scope and defines a large set of requirements for every aspect of the project. These requirements 192 

are delivered by creating a complete set of activities for the whole project at the start, together with the resources 193 

required to deliver them. This results in a cost for the project which is assumed fixed at the beginning and often at a 194 

figure less than that calculated but much greater than the theoretical minimum. The objective of the project team is 195 

then to manage risk and change which is difficult to accommodate in the constrained timescales and often results in 196 

reduction of delivered scope, increase in cost or time or even all three things.  197 

In the agile approach the cost and time is calculated by making a judgement of how much more cost than that required 198 

to deliver the theoretical minimum – the minimum viable product – should be spent to optimise the project’s quality, 199 

safety, security and environmental requirements. This optimised cost and time is fixed for the project and the scope 200 
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gradually evolves beyond the minimum viable product by incrementally adding features to a modular design solution 201 

until the planned cost and time is spent at which point operation can begin; as by definition, sufficient cost has been 202 

spent to justify the scope as being optimised (e.g. in a nuclear project this would be defined as the point at which the 203 

risk is "as low as reasonably practicable" - “ALARP”). 204 

 205 

Figure 3 - Turning the iron triangle upside-down 206 

In the following sections the proposed integrated-lean-agile model is developed in greater detail to highlight the 207 

competences required by project leaders and practitioners working successfully in a 4IR project delivery environment.  208 

Integrated Working Arrangements 209 

Communication among people and organisations working in projects and Megaprojects is always more complex, 210 

cumbersome, frustrating and ultimately more expensive than it should be in theory (Invernizzi, et al., 2018). 211 

Essentially, 4IR technologies enable collaboration among people and organisations (Papadonikolaki, 2016). To 212 

facilitate greater collaboration an enabling system (SEBoK-Editorial-Board, 2019) using shared data based on the 213 

product breakdown structure – e.g. a digital model, concurrent processes and collaborative behaviours is required. 214 

The key competences that enable the creation of this environment are systems thinking and relational leadership 215 
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together with digital competence (and confidence) in implementing automated digital solutions. This enabling system, 216 

therefore, has people, process and digital components. 217 

People: There is evidence that adopting partnering style contracts for complex projects promotes a stronger 218 

environment for the delivery of successful projects (Pryke, 2020). 219 

Charles Darwin: "It is the long history of humankind that those who learned to collaborate most effectively have 220 

prevailed."  (Darwin, 1859) 221 

The early nuclear industry put a strong focus on collaboration with some notable successes. At the time of Sizewell B, 222 

the latest nuclear reactor to be built in the UK, notably on time and on budget, John Collier the Chairman of Nuclear 223 

Electric said, “A good working relationship between client and contractors is crucially important – it has to be a 224 

partnership” (Collier, 1995). Research has shown (Johnston & Staughton, 2009) that there are seven dimensions that 225 

need to be managed to deliver successful Business-to-Business relationships. Most project managers focus on one of 226 

the dimensions, i.e. “interpersonal relationships”. They have almost certainly never had any formal training in all 227 

seven, which include commercial, cultural and statistical issues. Many refuse to believe that soft issues (e.g. trust) can 228 

be measured and tracked which is one of the key conclusions of the Johnston and Staughton paper. This has been 229 

further confirmed in the infrastructure sector (Cerić, 2016). This leads to the first key competence: 230 

 231 

Process: Digital Business Agility recognises the systems thinking mantra that everything is connected to everything 232 

else with concurrent processes sharing common data.  233 

W Edwards Deming: “Quality comes not from inspection, but from improvement of the production process.” 234 

(Deming, 1982) 235 

In project terms this means the systems engineering activities must be interlocked to the project management 236 

activities to prevent the inherent lack of communication between the two separately designed processes. In the 237 

Competence 1: The creation and development of 

positive business-to-business relationships is a 

critical competence the project leadership must 

possess to release the collaborative benefits of 4IR 

technologies.  
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authors’ experience, in some projects the “Systems Engineer’s” Product Breakdown Structure (PBS) is not integrated 238 

with the “Project Manager’s” Work Breakdown Structure (WBS); often the WBS is a mirror of the organisation with 239 

the main workstreams being organisational departments. The PBS should be embedded in the WBS and project 240 

managers should take ownership of the PBS elements. This then enables more process integration. This is further 241 

compounded by the fact that the ISO standards for Project Management (ISO 21500) and Systems Engineering (ISO 242 

15288) have significant overlap which promotes poorly integrated processes. 243 

 244 

Tools: There is no point automating inefficient processes.  245 

Bill Gates: "The first rule of any technology used in a business is that automation applied to an efficient operation 246 

will magnify the efficiency. The second is that automation applied to an inefficient operation will magnify the 247 

inefficiency." (Gates, et al., 1995) 248 

In the authors’ experience, state of the art BIM systems have been used to print thousands of drawings to put in 249 

envelopes to send to vendors for checking. This is similar to the ‘big BIM, little BIM’ concept (Jernigan, 2008). There is 250 

some evidence that this may be a more acute issue in the UK where BIM has been institutionalised and where 251 

Government pressure to adopt BIM on all public sector projects results in a “box-ticking”, compliance mentality. In a 252 

recent example a very large organisation familiar to the authors identified that one BIM-enabled project was producing 253 

over 10,000 unnecessary paper drawings and when this was corrected the flow rate through the design approval and 254 

checking process was significantly improved.  255 

Digitalisation is never the answer to an inefficient process. Focussed process improvement action is the answer to an 256 

inefficient process and that has to be planned and executed before any automation takes place. The chosen processes 257 

for implementing digital tools to enable large infrastructure projects must therefore be lean and able to integrate with 258 

each other to enable processes to be automated and allow the people to focus on continuous improvement and 259 

Competence 2: In the 4IR-enabled project the 

project leaders and practitioners need to 

understand Systems Engineering and ensure the 

project and engineering enabling systems co-exist 

in a single concurrent process, sharing common 

data with no waste. 
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innovation. The proliferation of digital solutions entails a number of proprietary and open-source systems that only 260 

partially support interoperability. Although open-source approaches are usually designed to support interoperability, 261 

typically large infrastructure projects strategically select proprietary and closed-source digital solutions that include 262 

training and customer support. In many ways it is better to choose legacy tools, because they tend to be more 263 

accessible to the users and have more third-party support. The demands of integration and collaboration require the 264 

project leaders and practitioners to be aware of and comfortable with, all the digital systems used on the project, not 265 

just the ones used by the project controls team. They need to be confident that they have been chosen for their ability 266 

to integrate not on their performance on isolated functions (organisational silos) of the project, e.g. design. The 267 

collaboration aspect is particularly important, as recent research suggests there is an increased dynamism in the way 268 

internal and external stakeholders engage and disengage throughout the project lifecycle (Pascale, et al., 2019). Thus, 269 

4IR digital tools have an important role to play in such dynamic environments. 270 

 271 

Lean Project Delivery Systems 272 

Lean is based on removal of process waste and enhancing value until the overall process is optimised. In the 4IR this 273 

requires common data to be digitised, with concurrent processes which can then be digitalised. As teams digitise the 274 

data in their processes and automate the processes this frees them up to focus more on continuous improvement and 275 

innovation. Combined with the agile, small team approach they can become highly productive. 276 

Using lean six sigma techniques to stimulate creativity and innovation the project manager can remove waste from 277 

the delivery processes and focus on value delivery. This requires a three-step process based on the Lean Start-up 278 

model: Build-Measure-Learn (Ries, 2011). The first step is to understand where the improvement opportunities are. 279 

Often the processes adopted for projects were developed for a different purpose; or even in a different industry. The 280 

earlier example showing that project management and systems engineering standards are not integrated emphasises 281 

Competence 3: The project leaders and 

practitioners need to have an awareness of the 

architecture of the 4IR digital tools used by the 

entire project delivery team to the extent necessary 

to ensure the solution is integrated and enables 

automation of the overall project delivery process. 
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this issue. This means project processes are loaded with activities that have no value for the specific project (i.e. waste) 282 

and may even be missing key value adding steps. The second step is to innovate to improve these processes (Think 283 

Big), then find a candidate area of the project to implement the solution (Start Small) and through clear metrics track 284 

the benefits of these improvements and feed the learning back into further improvements. This can be very 285 

empowering for the people involved. Generally, they know where the waste is and it can be highly motivating being 286 

given permission to hunt it down and remove it. The final step is to scale the improvements across the whole project 287 

organisation (Learn Fast) using the Scaled Agile Framework or the theory of the first follower (Sivers, 2010). 288 

The result is a continuous improvement model that drives value and abhors waste; people are liberated rather than 289 

frustrated by their processes. The focal point of the lean six sigma approach is the “Work-Out”; a three-day innovation 290 

and improvement workshop, pioneered in General Electric (Ashkenas, 2015) and now used throughout industry. By 291 

focussing the Work-Out on innovation and creating an innovation environment the team can very quickly target areas 292 

for improvement and gain sanction to implement those improvements. 293 

This approach is increasingly being used by the industry to improve project delivery processes. In the nuclear sector, 294 

a leading, large organisation has used lean techniques to increase the efficiency and effectiveness of its major project 295 

delivery processes. Over the course of 18 months they identified the critical pain points in their current processes and 296 

prioritised nine processes for improvement. They trained a number of Lean Champions to assist with the programme 297 

and monitored by a senior steering group they worked with the project teams to deliver measurable improvements in 298 

the candidate processes with identified project savings to-date of £94m. 299 

 300 

Competence 4: The project leaders and 

practitioners need expertise in lean improvement 

techniques to ensure the procedures adopted for 

the project are efficient and effective. This needs to 

embrace all project procedures not just project 

controls.  
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Agile Product Development and Delivery 301 

The final competence is agile product development in Megaprojects. 302 

Project Leaders tend to use the same delivery approach for all large projects – based on a codified project management 303 

Body of Knowledge. However, it’s not intuitive that you should use the same delivery approach for, say, the nth 304 

iteration of a complex product like a gas turbine as you would for a one-off solution for a complex nuclear 305 

decommissioning project. The nature of the risks is very different on both projects. In one case the detailed 306 

requirements are well known upfront, whereas for the other the requirements are largely unknown and will need to 307 

be discovered as the project progresses. 308 

In reality, the optimal approach for both types of project should be a hybrid of agile and classical (waterfall) techniques. 309 

This hybrid solution takes the learning from both approaches and fuses them into a bespoke system designed around 310 

the specific requirements of the venture. Using Agile at Scale (Rigby, et al., 2018) means that this can be applied to 311 

large projects as well as small ones. More than anything else the Hybrid approach enables an agile culture which 312 

responds quickly to change. Change is embraced as a key way of meeting the project objectives.  313 

This Hybrid approach has been applied on a number of large engineering projects. (e.g. the SpaceX programme). 314 

Rather than a full Agile implementation, SpaceX developed what they call an interlocked model with some waterfall 315 

and some agile aspects  (Mosher, et al., 2018). Some key learnings are starting to emerge from Hybrid implementation. 316 

Firstly, five key principles have been identified: 317 

• Focus on value. Delivering value rather than inflexible contract deliverables is the goal. The decision-making focus 318 

is on what provides most value to society, i.e. Social Value. 319 

• To produce a quality solution, a modular design is key. This enables features to be added throughout the design, 320 

construction and operational life cycle as they become available. More than anything else it is this concept which 321 

enables the time and cost to be fixed, by allowing the scope to float. The Waterfall features of the Hybrid 322 

governance model ensure the quality requirements are met in all iterations of the design.  323 
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• The organisation should be designed around the product’s modules and not the organisation’s functions. The fast 324 

pace of work and constant improvement of the solution by introduction of new features to modules requires highly 325 

motivated and empowered small teams.  326 

• Collaboration must be enabled both by the culture of the organisation and by the processes and tools adopted. It 327 

is more important for the toolsets to be integrated than to use the latest state-of-the art-tool if it can’t be integrated 328 

to the rest of the suite.  329 

• A regular cadence for implementation of features should be adopted. This gives structure to the project and 330 

enables configuration control to be maintained at all times. This requires an agile-systems engineering concept 331 

called Agile Requirements Management which allows requirements to be discovered as the project progresses to 332 

maximise value. 333 

The adoption of a modular design solution with relatively small teams working on these modules gives the people a 334 

high degree of ownership and autonomy to innovate, but the high-level value statements are clear and controlled and 335 

the innovation takes place in the discovery and development of the detailed requirements. Teams working in this type 336 

of environment find it highly motivating, stimulating and fast. If they are finding it impossible to make the current 337 

“feature” work there’s always a new “increment” just around the corner where they can introduce a new modular 338 

feature into the solution. This also addresses one of the key stress- and pressure-inducing aspects of traditional 339 

projects; i.e. the difficulty of rescheduling to a realistic timeline once it becomes apparent the current scope can’t be 340 

delivered in time or to cost. 341 

The most complete implementation of an Agile approach on a large engineering project that the authors are aware of 342 

is SAAB and their fully agile delivery team for the Gripen E fighter programme (Furuhjelm, et al., 2017). More than 100 343 

small teams, working in a highly empowered way, delivering flexible scope in short programme increments. SAAB claim 344 

some outstanding metrics for this project compared to its main competitor programme (the Lockheed-Martin F35 345 

programme): The entire SAAB development team  of 3,000 is about the same size as the PMO for the F35 programme; 346 

The SAAB development programme cost is €2bn compared to $50bn for the F35; 10 years development time vs. 16.  347 
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 348 

CONCLUSIONS AND FURTHER RESEARCH 349 

We are experiencing the so-called “projectification of society” (Gemünden, 2013). More and more resources (money, 350 

but also people’s time, expertise etc.) are invested in planning and delivering projects. Projects and Megaprojects are 351 

not new; they have been delivered throughout human history, but there are at least two elements of novelty that 352 

have emerged in the last few years. Firstly, new classes of projects have emerged, for instance Megaprojects to deal 353 

with the decommissioning of infrastructure, e.g. the first generation of nuclear weapons and energy sites, and 354 

Megaprojects to deal with human made disasters, e.g. Chernobyl. This is a new evolution and there is a lack a body of 355 

experience to deal with them. Secondly, human aspects have much greater prominence in modern business policies. 356 

Today’s focus on positive human behaviours such as diversity, inclusion, wellbeing, empowerment, collaboration and 357 

innovation are not adequately supported by traditional project management tools and techniques. A software-centred 358 

approach cannot fully support collaboration (Papadonikolaki, et al., 2019). 359 

These tools and techniques, codified during earlier industrial revolutions, cannot deal adequately with these positive 360 

human aspects and cannot leverage the opportunities created by the 4IR. The Taylorism view of workers on which 361 

traditional project management techniques are based was to equate them to machines in a simple and repeatable 362 

process. The reality is that projects and Megaprojects are increasingly complex. This complexity is not just technical, 363 

e.g. the design of a nuclear reactor or a satellite, but also organisational, with multiple stakeholders with different 364 

cultures, needs, and goals and many systems that need to come together.  The 4IR is and will be more so in the future 365 

a disruptive element. This disruption can be either positive (e.g. saving money, improving working conditions) or 366 

negative generating a further layer of complexity (e.g. different electronic, cyber security threats). 367 

Competence 5: The project leader and 

practitioners need to be Agile trained and the 

leaders need to be able to develop a bespoke 

Hybrid delivery model for the project which 

creates an empowered and highly motivated 

workforce able to pivot and deal with change in a 

rapid and effective way, to take advantage of 

innovation throughout the life-cycle.  
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This paper has shown that the paradigm Think Big → Start Small → Learn Fast can release the positive benefits of 4IR 368 

systems in planning and delivering Megaprojects. To embrace this paradigm, five competences have been identified 369 

which are not generally part of a project professional’s training: 370 

• creation and development of positive business-to-business relationships 371 

• understanding Systems Engineering to integrate project systems 372 

• awareness of the architecture of the 4IR digital tools  373 

• lean knowledge and competence 374 

• understanding and applying Agile and Hybrid models 375 

These competences are not just for the Project Leader but need to be disseminated and cultivated across the project 376 

team. They are essential in enabling the 4IR in successful Megaprojects. Success should no longer be measured as 377 

meeting requirements within some arbitrary budget and schedule. Success will be to plan and deliver Megaprojects 378 

that deliver social value to as many stakeholders as possible while empowering the people that deliver it. The project 379 

focusses on value not output, on collaboration between expert practitioners able to deliver their full contribution and 380 

not limited by restrictive contracts, on bespoke processes optimised for the specific project not boilerplate approaches 381 

derived from generic bodies of knowledge, enabled by systems chosen for their ability to integrate and not their 382 

feature list and finally and most importantly delivered by people released from fear of failure and who feel able to 383 

contribute their innovative ideas in a truly enabling environment.  384 

Project studies to date advocate that successful performance depends on a front end that if done right will enable the 385 

project to do well in the future e.g. (Flyvbjerg, et al., 2009). Another view focuses on project execution, and advocates 386 

that good performance is dependent on developing new routines, practices and collaborations e.g. (Gill, 2009); (Tee, 387 

et al., 2019). Human aspects have traditionally been left behind as contributors to successful delivery of projects 388 

(Unterhitzenberger & Müller, 2020). Adding the digital dimension to the equation, can actually increase the burden 389 

and leave the project manager exposed, if he or she is not trained and equipped with the necessary skills and 390 

knowledge. Further research is needed to investigate the human aspect in projects and the interfaces between human 391 

behaviour, projects and how 4IR and Digital Business Agility might influence both. Future research could also 392 
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investigate how 4IR and Digital Business Agility can re-shape project delivery models. There is evidence of how the 393 

first wave of new technologies have impacted project delivery e.g. (Davies & Mackenzie, 2014) and future research 394 

could investigate the long-term cost-benefit of 4IR tools and systems (e.g., will a BIM file be still accessible 20 years 395 

from now?). 396 

In a world where constant disruption is the norm the project management community’s response has to be to seek 397 

knowledge and new skills to help it to cope and take advantage of this disruption. The five competences identified in 398 

this paper facilitate this and help ensure megaprojects are ready for the 4th Industrial Revolution … and any other 399 

global disruption from whatever source.  400 
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