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Abstract: The growing emphasis on carbon considerations and the pursuit of net-zero emissions have brought 
about a paradigm shift in project management. To successfully facilitate the transition towards net-zero 
emissions, major projects must not only adapt existing systems but also embed carbon targets into their core 
strategies. While several studies have investigated carbon integration during the procurement phase, limited 
attention has been given to the construction project manager (PM) perspective. This study aims to bridge this 
research gap by exploring the challenges and barriers faced by construction PMs when integrating carbon 
targets and metrics into major Architectural, Engineering and Construction (AEC) projects, as well as 
evaluating the readiness of project teams to deliver on these. The study deployed a qualitative exploratory 
research design, where semi-structured interviews were conducted with 17 AEC project professionals actively 
engaged in the planning and execution of major projects in the UK. Thematic analysis of the data revealed a 
range of challenges and barriers faced by PM teams delivering these projects. The research findings contribute 
to the field of construction PM by enhancing the understanding of the challenges faced by project managers 
and project teams when integrating carbon requirements into the delivery of major projects. It uncovers a series 
of challenges and prevalent practices in major projects that have the potential to impede progress towards the 
net-zero transition.  

Keywords: AEC; construction; major projects; mega projects; net-zero; carbon emissions; construction project 
management 

 

1. Introduction 

Considering the urgency of sustainability and climate change, the ramifications of greenhouse 
gas (GHG) emissions on Earth’s climate and ecosystems have taken centre stage in recent dialogues. 
A temperature rise of 1.5-2.0 °C is established as a critical planetary boundary, essential for 
maintaining a climate conducive to human existence [1]. In under a decade, the term 'net-zero' has 
evolved from its origin in climate science to encompass social, economic, and political dimensions. 
Reflecting this, at the Paris and Glasgow COP 21 and 26 conferences, representatives from 196 nations 
committed to curbing global warming to 1.5-2.0 °C. According to the Energy and Climate Intelligence 
Unit, this commitment signified the ambition to achieve net-zero carbon by 2050, encapsulating 68% 
of the global economy and 124 countries. These earlier commitments have increased to encompass, 
as of 2021,196 nations which account for a 92% of the global GDP [2]. In this regard, the UK became 
the first major economy to legislate its net-zero commitment [3]. However, the scope of this challenge 
becomes apparent when considering the unprecedented socioeconomic and infrastructural shifts 
needed to realise it [4]. Recent analyses, such as by McKinsey [5], expect the transition to net-zero 
will necessitate a yearly capital investment of $9.3 trillion from 2021-2050 (i.e. - a cumulative 
investment of $275 trillion USD). This indicates an increase of 61% in investments across diverse 
sectors, including energy, carbon storage, infrastructure, agriculture, forestry, and transportation, 
compared to 2020 levels. 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.
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Of the sectors mentioned above, the architectural, engineering, and construction (AEC) sector 
plays a crucial role in the climate emergency, contributing significantly to carbon emissions. For 
example, this sector alone is responsible for 42% of total carbon emissions in the UK. Major projects 
within the AEC sector are well-known for their economic impact, often serving as catalysts for 
economic growth [6–8]. The growing significance of major projects in contemporary economies has 
been termed as the "projectivisation" of society [9,10]. However, it is not only their economic 
implications that are noteworthy. Their effects on social and environmental contexts are also 
substantial and long-lasting [11,12]. The consideration of sustainability has become a key focal point 
in project management research showcasing the importance of achieving environmental, social, and 
economic sustainability through projects, in particular, major projects due to their significant impacts 
[13,14]. 

Given the importance of the investments across key industrial sectors, the journey towards net-
zero will rely on major AEC projects geared towards transforming existing infrastructure and social 
systems [4,5]. This encompasses initiatives transforming high-carbon systems into sustainable 
alternatives, spanning areas in the AEC industry such as energy infrastructure [15], housing [16], or 
transportation infrastructure [17]. Furthermore, the ramifications of such projects on surrounding 
environments and communities are profound, often leading to significant displacements [11] and 
potentially having a long-standing impact on local ecosystems [12]. 

While research on the challenges and issues plaguing major and mega projects in their delivery 
is extensive, only a limited number of research has investigated the integration of carbon metrics and 
parameters, and how these affect major projects and their delivery from the perspective of 
construction stakeholders [18,19]. These studies, however, while exploring carbon reduction targets 
in relation to activities such as procurement, have fallen short in exploring project stakeholder 
experiences in integrating and attaining carbon performance as a key element of major project 
delivery. 

Addressing this research gap, this paper aims to: (1) understand the challenges and external 
barriers faced by project professionals and clients/project sponsors when integrating carbon as a 
deliverable in AEC major projects in the UK, and (2) evaluate the readiness of AEC major project 
teams to integrate carbon as a deliverable in major projects. The study addresses the existing gap of 
knowledge on current major project research, where recent research has fallen short in exploring the 
implications from the perspective of sponsors and PMs involved in current major project delivery 
regarding the challenges faced and the effective strategies taken to integrate carbon reduction targets. 
The remainder of this article is structured as follows. First, in the literature review section, definitions 
and positioning of major AEC projects in relation to the NZ transition are presented, including an 
overview of the challenges faced when integrating carbon metrics from the perspective of PMs, 
sponsors, and the supply chain. 

Section 3 discusses the research design, where the methodology is based on the thematic analysis 
of data collected through semi-structured interviews with experienced construction professionals 
involved in current major projects. Section 4 presents the resulting findings and themes from the 
analysis, followed by Section 5, which provides a discussion of findings in relation to previous studies 
in major project research. Finally, Section 6 concludes the paper highlighting the key findings and 
recommendations arising from the study.  

2. Literature Review 

2.1. Major Projects and Net-Zero 

2.1.1. Major Projects: Key Definitions 

Major projects encompass both projects and programmes and are considered 'major' when they 
exhibit characteristics such as: 

“High monetary value. Time and schedule urgency. Organisational and managerial complexity – 
the extent to which there are a significant number of managerial interfaces to be managed; and/or a 
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significant number of hierarchical layers either within the organisation or project structure to be 
managed, and/or a significant number of stakeholders to be managed. Technological complexity or 
high level of innovation.” [20] 
Following on the previous definition, Zhai et al. [21] (p. 99) define major projects as those that 

display: 
"… extreme complexity, substantial risks, long duration and extensive impact on the community, 
economy, technological development, and environment of the region or even the whole country". 

Unlike the MPA's definition, the latter definition also emphasises the systemic impacts major 
projects have on communities, regional and national economies. Further, Pitsis et al. [22]  and 
Flyvbjerg [6] have suggested that major project definitions should encompass multiple dimensions, 
such as risks, governance, stakeholder engagement, and longstanding impacts of major projects, with 
the latter stressing the transformative ambition of such projects. Unlike the above definitions of major 
projects, scholars have considered a monetary threshold for defining ‘mega’ projects. According to 
Flyvbjerg [6], the definition of a mega project would largely vary depending on the geographical 
setting of the city or the country holding the project, hence, any project exceeding US$ 500 million 
will be reasonable to consider as a megaproject. However, according to the United States Department 
of Transportation [23], megaprojects are defined based on their significant cost threshold and are 
considered as:   

“… large, complex projects that attract a high level of public attention or political interest because of 
substantial direct and indirect impacts on the community, environment, and State budgets costing 
over US$ 1.0 billion”.  

Regardless of the cost threshold, the impact created by any major or mega project on society is 
significant and, hence, they are pivotal in addressing major global challenges [10,24]. For example, 
echoing some of the sentiments expressed by stakeholders in their research study, Ika and Munro 
[24] (p. 605) state “…when dealing with evolving grand challenges like COVID-19, project management must 
increasingly have agility and accept constant adjustment and improvement as key success factors”. 

This perspective underscores the inherent uncertainties in projects, particularly when targeting 
ambitious goals like net-zero carbon transitions. This further highlights the realm of uncertainty and 
risk level in which major projects operate. 

Distinguishing major projects is not merely about their scale but also about the motivations 
behind them. Flyvbjerg [6] posits that major projects are driven by technological, political, economic, 
and aesthetic "sublimes". Sankaran et al. [25] introduced the concept of sustainability as a potential 
new sublime, especially with the emergence of projects driven by net-zero carbon transition 
ambitions. Sovacool et al. [26] underscore this by pointing to major infrastructure undertakings like 
the Zero-Carbon Humber Hub and the HyNet Northwest. Furthermore, major projects like Hinkley 
Point C or R&D endeavours such as the International Thermonuclear Experimental Reactor, highlight 
the push towards decarbonising national utilities and infrastructure [27]. 

Building on Ika and Munro's [24] views of projects as instrumental mechanisms in addressing 
grand challenges, Locatelli et al. [10] conceptualise projects as "change agents". They stress the 
transformative power of projects in reshaping societies and systems. Lastly, the broader impacts of 
major projects have been a focal point in literature. For years, studies have shown that these projects 
have effects that transcend traditional project performance criteria [11]. Recently, Whyte and Mottee 
[12] have posited that major projects should be seen as interventions within environments. They bring 
about profound and enduring changes, often altering the natural environment. They recommend that 
project management professionals should adopt a systems thinking approach, looking holistically at 
challenges rather than merely deconstructing them into "inputs, mechanisms, and outputs". 

2.1.2. Positioning AEC Major Projects within the Net-Zero Transition 

The transition to net-zero (NZ) requires a substantial increment in global investments, especially 
in the domain of major projects. McKinsey [5] expects that to achieve the net-zero objectives by 2050, 
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global capital investments in infrastructure developments must increase to 9.2 trillion USD annually 
between 2021 and 2050. This translates to an extra 3.5 trillion USD annually, marking a 61% surge 
from the 2020 investment baseline. Of this amount, 1 trillion USD (or 17.5%) needs to be redirected 
from high-carbon sectors like oil and gas towards low-carbon assets. The estimates arising from 
COP27 are more conservative yet still emphasise the scale of this challenge: around 1 trillion USD 
annually in investments is essential for developing countries to align with NZ targets, with this 
number expected to grow to 2.4 trillion USD post-2030. A sizeable portion of these investments is 
envisioned to accelerate the financing of major AEC projects and infrastructure endeavours in 
developing countries. 

The drive towards NZ has already catalysed the inception of various projects strongly anchored 
in sustainable development targets. Sovacool et al. [26] highlight prominent UK-based undertakings 
such as the multibillion-pound investments in energy and industrial infrastructure like the Zero-
Carbon Humber Hub (estimated at £59.2b) or the HyNet Northwest (projected at £46.8b). These 
exemplify the type of transformative projects, focusing on innovative technologies like carbon storage 
and hydrogen-based infrastructure, that carbon-neutral targets might boost in the forthcoming 
decades. 

Key projects with a direct bearing on the climate emergency encompass those dedicated to the 
mitigation of or adaptation to climate ramifications [27]. Moreover, the impacts of these major 
projects - encompassing environmental, social, and economic dimensions - are apparent [28]. 
Examples from the AEC industry include: 
• The Hinkley Point C nuclear major project, which aims for the development of state-of-the art 

nuclear fission as a low-carbon energy source [27]. 
• R&D projects and programmes targeting the development of infrastructure for pioneering 

technologies at a large scale, such as the carbon storage and hydrogen infrastructure as in the 
Humber Industrial Cluster [29]. 

• Major transport projects like the High Speed 2 (HS2) railway and similar transport infrastructure 
decarbonisation initiatives [17]. 

• Energy infrastructure transformation programmes such as those in South Africa [15], but also 
large-scale retrofitting and housing decarbonisation programmes in the UK [30]. 

2.2. Challenges Faced When Integrating Carbon Targets: A Stakeholders’ Perspective 

While the notion of net-zero finds its roots in climate science, mainly addressing the reduction 
of climate impacts caused by anthropogenic greenhouse gas emissions, commonly quantified as 
carbon dioxide equivalent. Tied to sustainability, carbon neutrality primarily acts as an 
environmental target. Yet, it usually also encompasses socio-economic objectives as well, as to ensure 
an "equitable transition" [31]. Despite its significance, sustainability has faced challenges permeating 
the ‘Project Management’ (PM) discipline extensively. Morris  [27] (p. 4) appropriately captures this 
by indicating an escalated urgency prompted by the climate change emergency, labelling it as a "more 
urgent and tractable responsibility than addressing sustainability". However, the domain remains under-
researched, particularly regarding the influence of carbon metrics on AEC project delivery dynamics. 
The following section will explore research undertaken regarding the perspective of distinct 
stakeholders; Project Sponsors, Project Managers (PMs) and the Construction Supply Chain (e.g. 
contracting actors).  

2.2.1. The Sponsor’s Perspective 

While organisational standards for carbon management, such as ISO 14064, have been 
established, industry-specific standards for directly managing carbon in projects are notably lacking. 
Within this landscape, the AEC sector emerges as a frontrunner. It has adopted explicit carbon 
management standards, such as the ISO16745 for buildings or the PAS 2080 standard for 
infrastructure projects [32]. However, as the latter is a UK standard, recently, calls for an international 
standard (i.e. ISO) for carbon management in AEC infrastructure projects have been raised [33].   
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Kadefors and colleagues’ study [18,34] explored sponsor low-carbon strategies implemented 
internationally within major infrastructure projects. In this context, procurement appeared as a key 
mechanism to deliver low-carbon infrastructure. The study showcased how carbon reduction metrics 
for the supply chain can be implemented through procurement exercises. For instance, the Swedish 
Transportation Agency (STA) requires carbon reduction targets of 30% over a project baseline, 
estimated through an in-house carbon calculation tool  [34]. However, such procurement strategies 
can result in increased transaction costs due to additional carbon assessments, as well as potential 
restrictions on supplier competition and availability, due to requirements of low-carbon project-
specific delivery capabilities. Moreover, their study identified innovation-driven strategies, such as 
extended collaboration and sharing of best practices, as a way of overcoming challenges faced during 
procurement. Such strategies, combined with a robust capability and knowledge from project 
sponsors in the implementation of carbon management systems, are deemed critical to seamlessly 
integrate carbon prerequisites in project procurement processes. On the project sponsor capability 
and knowledge challenge, examples of strategies to address the challenge include the Dutch 
approach, which prioritises organisations skilled in carbon management for major infrastructure 
projects, exemplified by those acquiring the CO2 Performance Ladder Certification, during their 
procurement exercises [34,35]. 

The study from Gijzel et al. [36] further highlights how the challenge of carbon reduction in 
infrastructure projects is dependent on the project sponsor’s efforts to consider these at early stages. 
In this context, they indicate the importance of governmental requirements supplemented by 
additional more ambitious goals based on the local context as the approach to overcome this initial 
challenge in integrating carbon reduction goals in major infrastructure projects. Moreover, Hakkinen 
et al.’s [37] research within building design demonstrates how the final carbon footprint is driven 
primarily by decisions in the early phases of projects, primarily between preparation, briefing and 
technical design stages. Thus, outlining the importance of decisions taken in early phases and the 
importance of client leadership in driving low-carbon AEC projects.  

Moreover, regarding the importance of the business case, Granoff et al. [38] revealed a major 
gap in global infrastructure investments. Another challenge for infrastructure and construction 
projects arises from the hardly quantifiable positive externalities - e.g. improved accessibility, 
reduced pollution etc. - which results in weaker business cases in comparison with alternative 
investments. Moreover, the investment analysis reveals that additional investment requirements of 
low carbon versus “business as usual” infrastructure are relatively higher (i.e. 6.2 and 5.9 trillion USD 
respectively). However, when building the case for low-carbon investments clients often face higher 
upfront costs, even if lifecycle costs are usually substantially reduced. Other challenges result from 
additional risks due to innovative product implementation, as well as a “lock-in” effect from already-
built infrastructure [38].  

2.2.2. The Project Manager’s (PM) Perspective 

The recent systematic review from Friedrich [39] presents different perspectives in which 
environmental requirements are viewed by project professionals. On one hand, a common 
perspective is the one that views these as “constraints”, which are linked with additional costs or an 
additional challenge that the project team needs to deal with. Another well-known challenge is the 
issue of conflicting goals and priorities and resulting trade-offs faced within projects [40]. This might 
have its roots already in traditional PM tools like the iron triangle, which establish project 
performance as a trade-off between quality, cost, and time criteria [41,42]. Sabini and Alderman [43] 
have also studied this phenomenon by looking at how PMs deal with contradictory sustainable 
objectives within projects. Their study revealed a series of tensions that arise when delivering projects 
sustainably – e.g., short-term goals of the project conflicting with longer-term sustainability 
organisational goals, perceived barriers, or the lack of power and influence in decision-making. These 
trade-offs often result in PMs undertaking strategies that push back or curtail sustainable objectives 
against other parameters considered within the traditional project scope, predominantly cost. Beyond 
the integration and trade-offs between project goals, research has also highlighted stakeholder and 
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project team’s lack of knowledge, capabilities, and competencies regarding environmental and social 
sustainability as a major challenge in the successful integration of sustainable goals within projects 
[44,45]. 

In contrast, environmental targets and sustainability can also be viewed more positively as an 
opportunity or benefit rather than an additional cost or risk. These views are categorised as 
“instrumental” - utilitarian and benefit-oriented - or as “intrinsic” - a core value of the project – values 
[39]. Martens and Carvalho [13], based on a series of organisational case-studies, indicate that 
environmental considerations can lead towards project success. Project success in this context refers 
to the following areas: efficiency, efficacy, impact on customers, impacts on project teams, business 
impacts, impacts on the long-term, as well as the resulting sustainability over the project lifecycle 
[13,46]. This project success dimension is distinct from traditional PM views of success often 
associated with the iron triangle dimensions (time, cost and quality), by expanding the views into 
long-term benefits resulting from the project. As such, recently developed models for determining 
project success encourage the adoption of a more holistic view of project success, by also observing 
that major projects and programmes deliver societal benefits and green efficacy in the mid and long 
term [47].  

2.2.3. The Supply Chain’s Perspective 

Research on supply chain dynamics in the construction industry has predominantly focused on 
the perspectives of Architecture, Engineering, and Construction (AEC) contracting firms. A recurrent 
theme is the industry's general apathy towards reducing carbon emissions, often characterising 
contractors as passive actors in driving carbon change [48].This trend is not confined to a single study 
but is observed in multiple countries, such as Australia, Ireland and the US [48–51]. According to 
Wong et al. [48], contractors and consultants rarely propose better operational practices to reduce 
carbon emissions unless these are initiated by sponsors. This seems to indicate the need for top-down 
approaches, initiated by project sponsors, to instigate change within the construction process.  

In the UK [52], research has identified several barriers to implementing low carbon strategies, 
such as perceived costs and managerial challenges, including risk aversion and lack of early 
contractor involvement. However, unlike the US, where lack of client demand is a significant barrier 
[50], the UK study did not find this to be one of the major challenges. This discrepancy suggests 
regional variations in the drivers and barriers to low-carbon practices in construction. Moreover, 
Torcellini et al. [50] emphasised that client demand and perceived capital costs are major barriers in 
the US, with technical challenges being less significant. To address these issues, they proposed 
increasing client demand and improving knowledge around embodied carbon integration. 

Jiang et al. [51] through the application of a behavioural theory analysed contractor motivations 
towards adopting low-carbon practices. They found that government regulation and policy support 
had the most significant impact on contractors' willingness to adopt carbon reduction initiatives in 
China. Conversely, perceived capability and knowledge had a minimal impact, indicating that 
technical expertise and financial capability are not major barriers in this context. On a similar note, 
previous studies [48] identified government regulations as the most important driver for carbon 
reduction among Australian contractors. However, they also noted that knowledge, training, and 
reward schemes had a significant correlation with the actual adoption of carbon reduction strategies. 
Surprisingly, the carbon tax was the least relevant driver in adopting carbon reduction strategies, 
which could reflect a lack of confidence in the effectiveness of very strict building regulations in 
driving actual change in construction supply chains.  

3. Methodology 

This section explains the research design, where the methodology is based on the thematic 
analysis of data collected through semi-structured interviews with experienced project professionals 
involved in current major projects. 
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3.1. Data Collection and Sampling 

This study adopted a qualitative research design and used semi-structured interviews to collect 
data. Semi-structured interviews are a suitable data-collection approach for exploring the opinions 
of participants around professional issues and opportunities as well as eliciting detailed responses. 
This method was utilised in this study to gather opinions from expert professionals involved in 
different major programmes or projects in the UK. The questions were structured to elicit views and 
thoughts on; (1) Current national NZ targets and how these translate into current and future AEC 
major projects (2) Experiences in implementing carbon-related targets and deliverables in major mega 
AEC projects, including the challenges faced by the project professionals. 

In this study, a purposive sampling technique was deployed. This technique is an effective 
sampling technique when investigating a problem that requires in-depth information about the 
phenomenon under investigation. It is suitable for the investigation of multi-faceted topics such as 
the exploration of complex issues, such as the integration of new project parameters, within major 
and megaprojects [53]. Additionally, purposive sampling allows the control of the level of variation 
across interviewees selected, which in this case, allowed the inclusion of a range of different contexts 
and project types within the sample selected [54]. To establish the final sample size (n=17), the study 
sought out a sufficient number to reach levels of data saturation (i.e. no new themes emerging from 
data) established in reflexive thematic analysis research [55]. In this context, previous studies often 
establish a range between 7 and 12 interviews as the number where no new themes emerge from the 
analysis of transcripts [56–58]. In the analysis of transcripts within this study, no new themes or sub-
themes emerged from the data after the 10th interview transcript. Thus, later transcripts were used to 
further substantiate and establish identified themes. The final sample (as shown in Table 1) included 
a range of senior Project and Programme Managers across different organisations and AEC project 
types within the UK.  

Table 1. Anonymised interview participant details. 

ID Role AEC Major Project Type Interview 

Duration 

I1 Chairman and PM Consultant Infrastructure Major Projects 41 minutes 

I2 Programme Manager Major Projects (Local Authority) 41 minutes 

I3 Senior Director (PM 

Consultancy) 

Buildings (Education and Healthcare) 31 minutes 

I4 Senior Project Manager Buildings (Major Retrofit projects) 46 minutes 

I5 Director of Major Projects Civil Infrastructure Projects (Water) 43 minutes 

I6 Project Director and NZ carbon 

lead 

Buildings (Major retrofit projects) 39 minutes 
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I7 Carbon Manager Civil Infrastructure (Railways) 64 minutes 

I8 Director of Major Projects Infrastructure (Transport – Roads) 38 minutes 

I9 Senior Project Manager Large Housing Retrofit Programme (Local 

Authority) 

45 minutes 

I10 Major Project Planning Lead Major Projects Infrastructure (Roads) 48 minutes 

I11 Deputy Director Civil Service (Infrastructure Projects Authority) 57 minutes 

I12 Director of Project Procurement Infrastructure (Transport – Road & Railways) 64 minutes 

I13 Major Projects Technical Lead Infrastructure and Buildings 62 minutes 

I14 Senior Project Officer Energy and Local Authority 64 minutes 

I15 Energy Projects Manager Regional Energy Project Manager 58 minutes 

I16 Programme Lead and Head of 

NZ Carbon 

Infrastructure (Transport - Roads) 61 minutes 

I17 Senior Project Manager Local Authority, Energy, and R&D 41 minutes 

3.2. Data Analysis 

The semi-structured interviews were conducted online through Microsoft Teams, which 
included two members of the research team (interviewee and observer). All the interviews were 
recorded and transcribed verbatim. The interview transcripts were analysed using the thematic 
analysis approach (specified in the following section), which allowed the systematic analysis of 
interview text data using qualitative data analysis software (NVivo 12) [54]. Using the software, the 
collected data were thoroughly studied and segregated using a coding structure. The research team 
analysed the collected data using thematic analysis steps recommended by Braun and Clarke [59]: 
• Familiarising with the data: Interviews were fully transcribed before the commencement of the 

formal analysis.  
• Generating codes: As specified, two members of the research team analysed the data and 

generated initial codes separately. Multiple codes were generated. 
• Generating initial themes: From the initial codes, related codes were grouped together into 

emerging themes. Discussion among the research team to determine initial codes.  
• Reviewing themes: Generated themes and agreed codes were compared with extracts and an 

initial thematic map was generated (Figure 1).  
• Defining final themes: Final themes were established. These themes are those discussed in the 

following results chapter.  
• Reporting of findings: Finally, findings and results for each of the themes are presented in the 

following section. 
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Figure 1. Thematic map visualising the identified themes and sub-themes derived from the analysis. 
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4. Results 

Based on the thematic approach outlined earlier, four core themes emerged: 1) Nature of major 
projects, 2) Scale of the transition, 3) Readiness of PM teams, and 4) External barriers. These main 
themes further branched out into a number of sub-themes. Figure 1 expands on the interrelations and 
hierarchy of these themes and sub-themes. The following sections elaborate on the findings regarding 
these identified themes.  

4.1. Theme 01: Nature of Major Projects 

The initial theme that emerged from the interviews referred to the complex nature of major 
projects that the participants had experienced in managing. This complexity is related to several 
foreseeable factors such as the size, scale, and scope of major projects. In this regard, additional 
carbon requirements and deliverables often ended up adding an additional layer to the project 
complexity resulting in the additional challenge of having to coordinate new deliverables, track, and 
measure new carbon-related targets and coordinate additional project professionals:  

“It's quite straightforward to say, 'Yes, just measure it', it's actually a colossal task on a large 
project” (I12). 
“The complexity of managing this project is very high, so for us, it's becoming quite challenging to 
actually coordinate all of them” (I4). 
In this regard, however, projects that involved ambitious NZ targets were also closely correlated 

with a much higher degree of uncertainty, which could be clearly mapped out to the need to innovate 
and implement newer technical solutions to attain low-carbon outcomes during the project and on 
the final products/infrastructure delivered. This clearly has effects on the scope definition, as shown 
by the interviewee’s reflection:  

“(…) there is still constant uncertainty of what level of detail are you working to. What are the 
decarbonisation targets, for example? Are you going to go for electrification or not? There's constant 
uncertainty of what's the end product that we’ll be delivering” (I9).  
On a similar note, several interviewees mentioned that the delivery of low-carbon major projects 

is particularly challenging due to the high risk associated with them, mostly due to often uncertain 
scopes that evolve over the project life cycle. 

Additionally, another challenge that PMs faced when integrating carbon targets was the impacts 
and effects on other project priorities. Within the sample, primarily the impacts on project costs were 
outlined by interviewees, with many attributing a cost premium associated with integrating carbon-
reduction technologies and solutions in projects: 

“The only thing it affects is the budget because there's a premium, a capital cost that needs to be 
committed” (I3). 
Additionally, the cost increase from processes undertaken to assess and manage carbon during 

the project lifecycle was also identified. To a lesser extent impacts on project duration were also 
outlined, mostly due to additional time required with additional carbon assessments and option 
appraisals. It is important to note that while the majority indicated negative implications (i.e. 
additional costs) regarding cost, a few of the interviewees suggested that carbon reduction can also 
deliver strong synergies (e.g. extending the life of assets or considering scope reductions). 

Yet, the interplay between carbon reduction and other sustainability goals, primarily social ones, 
also posed a series of challenges and opportunities). Some project managers grappled with decisions 
where the most sustainable choice was not always the least carbon-intensive option. In this regard, 
balancing carbon emissions with other sustainability dimensions, primarily social benefits from 
projects, was often a decision of trade-offs. This was clearly exemplified by the following quote: 

“(carbon emissions to be) balanced off against the economic growth side of government, as well as 
reducing inequalities. For example, in (anonymised location) there're some very remote areas, and 
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it's just not socially acceptable to cut them off even if scaling back on these investments would limit 
emissions” (I12). 
Lastly, the correlation between carbon reduction and other sustainability goals, particularly 

social ones, was also examined. Many associated low-carbon projects with broader societal 
advantages and benefits: 

“co-benefits around improving air quality, generating local jobs...and utilising that for social good 
to support the local area” (I15). 

4.2. Theme 02: Scale of the Transition 

The significance and scale of the net-zero transition emerged prominently. The UK's strategic 
Net-Zero 2050 and 2035 interim goals were highlighted both as significant challenges and 
opportunities by the interviewees. All in all, there was a clear consensus among participants: 

“I think they're extremely challenging, the targets. Yes, undoubtedly, they will affect the delivery of 
projects going forward” (I12). 
Most interviewees indicated a good understanding of these targets, noting that such 

comprehension also extended to the organisational level. Some PMs, particularly from significant 
infrastructure sectors, emphasised their efforts to comprehend the carbon implications of their 
projects. However, after assessments were undertaken, PMs highlighted a degree of scepticism 
regarding the feasibility of these targets, especially considering the current resource allocation: 

“We've looked at a decarbonisation plan for one of the big universities, and in order to deliver their 
targets they're going to have to take 20 per cent of their building stock out of action (…) so achieving 
their targets is almost impossible” (I3). 
A segment of participants was optimistic but collectively recognised the challenges of achieving 

NZ, especially in the long-run horizon beyond 2035. The extended nature of these targets, often 
spanning decades, brings forth inherent challenges for managing current and future major project 
portfolios: 

“Everyone has got a road back to get to net-zero. We all know that we're going after the low-hanging 
fruit at the moment, but things are going have to fundamentally change in the next five years/ten 
years when we go for that last 30 per cent, that last 50 per cent” (I5). 
As stated by the interviewee (I5), meeting these targets would require the incorporation of novel, 

yet unknown technologies and solutions. This could also have further implications for increasing the 
risk profile of major projects in the upcoming decades. 

PMs involved with local authorities emphasised the challenges surrounding the major urban 
transition programmes, such as decarbonisation, electrification, and energy efficiency initiatives. The 
budgetary magnitude for these programmes often crosses the £1 Billion threshold. Despite their scale 
and complex nature, these initiatives are often fragmented, assembled as a collection of smaller 
projects rather than a cohesive programme with firm project governance structures. As one 
interviewee mentioned: 

“£6 billion to £8 billion, it is the most recent estimate that I had, but when I started it was estimated 
at £2 billion to £3 billion, which is almost identical to some of the rail programmes I worked on. The 
lack of governance and the lack of established methodologies and the lack of best practice is quite 
astounding” (I9). 

4.3. Theme 03: Readiness of Project Management Teams 

Emerging from the interviews is the pressing theme regarding the preparedness of Project 
Management (PM) teams to integrate carbon metrics in major projects. While the competence of PM 
managers was viewed as sufficient, several factors including gaps in knowledge of carbon metrics, 
scarcity of standardised resources related to carbon within projects, insufficient continuous 
professional development (CPD) schemes, and under-resourced teams raised concerns. There is a 
current disparity in the readiness of PM professionals to meet the net-zero challenge. As the following 
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quote indicates, a number of PMs still lack a full grasp of when and how to incorporate experts for 
carbon measures: 

"I don't think there's a ready-made population of project managers in our business that are 100% 
up-to-speed on when they need to bring in experts, what experts they need, how they're going to 
deliver certain things” (I3). 
Contrarily, many believe that seasoned project professionals, when equipped with the right 

tools, can surmount any challenge, including delivering substantial carbon reductions in projects: 
"Any projects or programme professional worth their salt will - if you give them a toolkit, they will 
know how to apply it in the best possible way.” (I2). 
To bridge the knowledge gap, organisations, especially those in the infrastructure sector, are 

strengthening their PM teams' capabilities to assess and report carbon metrics. The approaches are 
varied. Some have established structured training and CPD programs, with PMs mentioning the 
inception of a "Carbon Academy" to systematically train those involved in their capital projects and 
supply chains. Others have integrated other tools to facilitate carbon assessment within the project 
organisation such as carbon calculators or implemented standard carbon reporting systems for 
projects/programmes. In contrast, other PMs have relied on more informal methods, such as 
lunchtime seminars to boost awareness: 

“We've brought online a Carbon Academy. That provides a systematic training for people involved 
in the capital side of our business and our supply chains” (I5). 
“we're programming CPDs - you know, lunchtime CPDs in a programme of knowledge sharing to 
get people's awareness up” (I6). 
Yet, a significant obstacle remains - the absence of standard methodologies for PM professionals 

to weave carbon considerations into decision-making. Given the diverse contexts of major projects, 
creating a one-size-fits-all solution is challenging. However, certain organisations are tackling this 
issue directly in relation to the projects they deliver:  

“We call it a crib sheet, so a checklist of things that you should make sure that you run through with 
your client of key questions and challenges at different stages of the project” (I6). 
Another major challenge around carbon measurement across projects refers to the issue of data, 

which is encapsulated into two sub-themes: carbon data quality and capabilities on data analytics. 
Most interviewees found existing carbon data to be less than satisfactory, with limited, sometimes 
unreliable, information. Moreover, the importance of better data analytics in project delivery, 
especially for enhanced decision-making, was underscored. There is an opportunity for automation 
and leveraging technology in the delivery of projects, including regarding carbon data, especially 
considering recent Artificial Intelligence advancements: 

"We've still got people who upload data to a spreadsheet every week. It's mad that these things aren't 
automated. So, let's automate what we can but also, let's get machines doing what humans are no 
good at. That's risk management, lessons learned, forecasting” (I11). 
Lastly, the challenge of having under-resourced project teams, especially in local authority 

contexts, also emerged from the interviews. Recruitment poses a challenge, signified by a lack of 
experienced project managers available with the capacity to lead low-carbon major programs. 
Furthermore, retaining talent is another hurdle, with high turnover rates, which not only strains CPD 
resources but also impedes the efficient delivery of complex programs. These issues were highlighted 
by the following interviewee: 

“For us in (Local Authority) it's been a problem of finding somebody with the experience to lead on 
it, so at a director or a similar high-level leadership role, but that's frankly because a lot of this stuff 
nobody's done before (…) the people who do have that experience are going to go somewhere where 
they can get paid a lot to do that and where they can really drive that change quickly” (I14). 
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4.4. Theme 04: External Environment  

The external environment's influence on the carbon delivery of projects emerged as a significant 
theme from the interviews. This theme encapsulates how elements beyond the immediate scope of 
projects can affect their carbon-related goals and outcomes. Three dominant sub-themes emerged: 
national momentum towards net-zero, incentive and funding structures, and the capability of 
stakeholders like supply chains. 

One encouraging finding was the perceived momentum around the net-zero movement. 
Attributed to government initiatives, as well as shifts in the political and social landscape, many 
project organisations have recently embraced net-zero pathways. An interviewee remarked on this 
wave of change, contrasting it with other recent organisational change programmes: 

“It certainly isn't true for massive digital solutions or huge organisational change programmes (…) 
I think there is something quite unique about (net-zero transition). It's a range of factors: it's people, 
it's humans, it's media; it's values and beliefs and motives and incentives - there's a whole lot of 
things” (I16). 
While the lack of sponsor interest or the lack of consideration of carbon at the business case stage 

were issues commonly mentioned, several interviewees highlighted how these issues might be 
underpinned by structural systems, which lead towards misaligned incentives (if the sustainability 
of the project is the outcome sought out). A clear example within low carbon is the projects that are 
prioritised and why this might be the case: 

“The way in which you get rewarded, the way in which you're incentivised, creates a system that 
focuses inherently on the new shiny techy thing rather than the fundamentals, getting the basics 
right, getting the efficiency built into your projects delivering effective quality regimes.” (I12). 
This system encourages the adoption of novel technologies, sometimes at the expense of other 

potentially more cost-effective or low-carbon solutions. These misaligned incentives are also 
prevalent in the relation across project stakeholders and particularly affect supply chains. This is a 
longstanding issue in carbon-intensive sectors like construction, where the priorities and weighting 
have favoured costs over other parameters. Another interviewee commented: 

“The contracts aren't set up to incentivise it (…) you're already starting on the back foot - weighting 
procurement exercises towards quality, ultimately, it's the cost that ends up - to a large degree - 
winning out” (I11). 
The existing structural systems also pose a challenge. The predominant "stop and go" funding 

supporting public sector low-carbon projects leads to uncertainty. Such inconsistency in funding 
often hinders long-term planning, adding to already under-resourced teams. As a result, certain 
projects or authorities benefit, while others lag. 

“The problem is you can't get projects off the ground because there's yet to be the funding to be able 
to do it, and/or chasing funding which then leads to perverse behaviours in the supply chains. Either 
they don't want to engage because they can see short-term funding or, if they do engage, we see price 
inflation because they know there's an opportunity to take...” (I15). 
Interestingly, despite the evident progress, there remains a deficiency in the availability of 

supply chains for low-carbon technologies. This deficit has led projects to form international 
partnerships. Yet, the limited competition and skewed incentives have sometimes resulted in 
opportunistic behaviours during tenders. However, there was a growing awareness of the 
importance of collaborative cross-project learning: 

“Good project case examples from others (…) that they can then template and replicate quickly (…) 
comparing with other projects that have been successful, to try and mitigate and avoid the challenges 
that others have faced by sharing information and hooking people together” (I15). 
The external project environment plays a pivotal role in shaping carbon delivery in projects. 

From the promising national momentum towards net-zero to the complexities of incentives and the 
roles of different stakeholders, understanding these factors is key to navigating the complex terrain 
of sustainable major project delivery. 
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5. Discussion 

This exploratory study has centred on the challenges faced by Project Professionals involved in 
the management of significant UK AEC major projects, yielding four main themes. These themes 
bring forth a series of structural and systemic challenges encountered within major projects. These 
challenges might pose significant risks to the capability and preparedness of project teams aiming to 
meet carbon neutrality targets in the coming decades. Interestingly, the findings, particularly those 
about the systemic challenges, reveal how different project domains appear to be moving at different 
speeds when it comes to integrating carbon requirements at major projects and programmes. This 
disparity could engender negative views around carbon reduction metrics if these are viewed as a 
major constraint in major project delivery. This in turn could sustain a culture of “winners and losers”, 
threatening to derail the transition towards net-zero. The following sections delve into these issues.  

5.1. Ongoing Shifts in Project Team Perspectives  

Based on the results of the exploratory study, the integration of carbon metrics into project 
management has become increasingly significant. Interviews with professionals in the field reveal 
that both the measurement and reduction of embodied and operational emissions have been central 
considerations in the planning and execution of major projects. Yet, the perception of carbon metrics 
varies among practitioners, illustrating diverse viewpoints on this aspect of major project delivery. 

A prevalent perspective, as evidenced in the interviews, regards carbon metrics primarily as a 
constraint within the PM process. This view aligns with previous research in the field of project 
management [39], which has often treated sustainability factors as either additional costs or risks that 
need to be managed. This sentiment is reflected by a number of interviewees, which associated some 
negative connotations to the additional requirements imposed by carbon reduction metrics, 
recognising the inevitability of these costs which one might argue as ‘sunk costs’ in the current project 
management landscape. 

Conversely, a smaller group of interviewees positioned a more “instrumental” perspective 
around carbon metrics [39]. This viewpoint does not necessarily position carbon metrics as integral 
to the core of project success but acknowledges them as a significant deliverable in achieving project 
success. The instrumental approach sees carbon considerations as increasingly important, potentially 
altering the traditional PM frameworks, such as the well-known “Iron Triangle” [41,42]. This suggests 
an evolving view of major project success criteria, where carbon-related targets and metrics are 
gaining prominence. This shift in perspective towards a more integrated approach to carbon metrics 
in project management appears to be partly driven by broader societal and global commitments to 
address the climate emergency. Such commitments are creating strong tailwinds and momentum, 
differentiating this transition from other past change initiatives, such as digital transformation. The 
current trend echoes models of project success that emphasise societal benefits and long-term green 
efficacy, as highlighted in the recently proposed ‘Tesseract’ model  [47]. 

Currently, the field of PM stands at a crossroads concerning the role of carbon metrics. While 
some view these metrics as a constraint, others see them as an integral success factor. However, the 
complete intrinsic integration of carbon considerations, the final perspectives on sustainable goals 
established [39], into project delivery remains a work in progress. Despite this, there is a growing 
recognition among PMs of their professional responsibility to deliver projects that are climate-neutral 
(and even climate-positive). As some of the PMs noted this responsibility is now becoming part of 
the professional ethos. As this integration deepens, future PM practices appear to increasingly 
prioritise carbon efficiency, reflecting a possible shift towards a value-driven profession that 
considers sustainability as intrinsic to major project success. 

5.2. Challenges Hindering the Integration of Carbon Targets  

Interviews highlighted several challenges that major project teams encounter while trying to 
meet emerging carbon constraints. Initially, the findings show a dichotomy amidst different 
organisations. Major infrastructure developers are not only incorporating carbon discussions but 
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have also implemented formal strategies for its assessment, reporting, and integration. Conversely, 
other organisations, predominantly smaller construction, and local authority decarbonisation 
programmes, are grappling to integrate carbon in a standardised manner and on par with major AEC 
infrastructure projects. The potential implications of this discrepancy are significant; unless these 
challenges are tackled, a divide - resulting in ‘winners and losers’— may emerge in the realm of major 
UK projects and programmes. 

A prominent challenge is the scarce availability of experienced project and programme 
managers. This concern was widely acknowledged, with teams working on public projects feeling its 
impact acutely. Challenges in recruitment, often attributed to offered terms or insufficient skillsets, 
and issues with retention were evident. One adopted solution has been the promotion of 
professionals with technical expertise (e.g., with environmental or engineering backgrounds) into 
project management roles. While their project-specific technical expertise is generally sound, they 
often lack proficiency in the areas of project governance, methodologies, and standards. This 
phenomenon, termed ‘the accidental PM’, is a recognised trend within the public sector [60]. Given the 
escalating scale and breadth of major UK decarbonisation, energy, and retrofit programmers, the 
recommendations provided by Darrell et al. [60] remain ever-relevant. They advocate for public 
entities to actively strengthen their personnel's project management competencies, an initiative which 
could be expanded to other areas like data analytics. 

Additionally, the motivations guiding major projects could unintentionally de-prioritise carbon 
or other sustainability aspirations. Even though the momentum toward net-zero is apparent, the 
emphasis seems to gravitate towards innovative methodologies (e.g., pioneering energy systems, 
novel materials or advanced construction technologies) as the primary path. Such motivations, 
though apparently in alignment with carbon reduction, often resonate more with the ‘technological 
sublime’ concept posited by Flyvbjerg [6] rather than a ‘sustainability sublime’ [25]. As an interviewee 
remarked, the appeal of innovative solutions often eclipses foundational principles like planning out 
efficiencies within the design and project scope. The essence of this problem is outlined by the 
following statement: ‘The emphasis is on the new shiny technology rather than on fundamental efficiencies’. 
Thus, fostering a genuine ‘sustainability sublime’ should be prioritised by both sponsor entities and 
the public sector. 

Furthermore, interview data implies that when carbon considerations do feature, they are 
typically embedded through procurement and contractual processes. Stakeholders frequently deploy 
financial terminologies when discussing carbon metrics, such as budgets and targets. Previous 
research [18] has indicated forthcoming challenges to be cautious about, such as overinflated 
baselines or issues with negotiating the scope of carbon reduction in major projects, as these are 
linked to pain/gain contractual mechanisms, where contractors are financially incentivised. 
Unrealistic cost estimations, together with a series of other challenges, have translated into a regular 
delivery of major projects under important cost overruns. Though equating carbon metrics to 
financial parameters might initially appear intuitive, caution must be exercised to prevent a similar 
challenge of recurrent carbon emission ‘overruns’ in future major projects. 

6. Conclusions 

The prevailing climate crisis is undeniably the defining challenge of our era, with the net-zero 
(NZ) transition emerging as a pivotal response. As the net-zero coalition asserts, this transition 
demands “a complete transformation of how we produce, consume, and move about” [4]. Given that projects 
are conceptualised as catalysts for systemic change [8,12,29], the magnitude of this transformation 
requires a surge in AEC major projects and programmes at scale [5]. Addressing an imperative 
research gap in major AEC project research, this study aimed to identify challenges faced by 
construction PMs when integrating carbon targets in major project delivery and gauge the readiness 
of the project teams to confront and navigate the scale, scope, and complexity of the grand challenge 
of net-zero by 2050. Our findings outlined the challenges and major hurdles that, unless addressed, 
could derail the progress toward the NZ 2050 targets.  
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First, the integration of carbon metrics into projects emerged as a central, albeit evolving issue 
from the perspective of project teams and sponsors. Interviews revealed a divided position: some 
viewed carbon metrics as a major constraint to manage, introducing additional costs and 
complexities, while others saw them as essential for achieving project success. This reflects distinct 
positions, where sustainability factors are often seen as additional risks or costs in PM [39]. However, 
influenced by the societal and global context, a shift appears to be underway, with several PMs 
recognising carbon metrics as a fundamental part of project success. This shift suggests a potential 
modification of traditional models, such as the "Iron Triangle" [41], to increasingly include 
sustainability considerations, leading towards models that emphasise these long-term benefits 
increasingly [22,44,47]. Currently, the field stands at a crossroads, with the intrinsic integration of 
carbon considerations into project delivery still unfolding. Nonetheless, there is an increasing 
awareness among PMs of their responsibility to deliver climate-neutral projects, signalling a shift 
towards a value-driven profession where sustainability will be integral to project success.  

Beyond the views and interpretation of PMs themselves, a series of additional internal and 
external systemic barriers were also identified. For instance, disparities in progress across sectors and 
project types were also identified in the exploratory study. Compounding this, the efficacy of project 
teams, especially in public entities, is currently hindered by recruitment and retention challenges. 
This underscores the imperative for internal skill development efforts, especially at the senior 
management levels. Another point of concern arises from the current prevailing project drivers 
(which link with the PM views), whether they are technological, economic, or political. While these 
may produce results and progress towards net-zero, they may not always prioritise the climate 
impacts of projects. Therefore, projects genuinely motivated by a "sustainability sublime" will be 
paramount [25].  

While this research provides valuable insights into carbon metrics integration in PM, focusing 
primarily on various types of civil infrastructure (i.e. railways, water and roads), buildings, as well 
as energy infrastructure and programmes (e.g. energy retrofits or renewable energy infrastructure), 
it recognises limitations and suggests directions for future research. First, the sample size was 17 
interviewees which included a range of participants from various construction and infrastructure 
backgrounds. The research sampling followed a purposive sampling approach, which might have 
biased participation towards professionals with experience in working with carbon requirements in 
major projects. These experiences might not be representative of the wider construction PM 
profession. Further research should thus aim to encompass a broader range of PM professionals, 
including those from sectors where carbon considerations are still emerging or with limited 
experience on projects that have considered these. This would provide a more comprehensive 
understanding of the overall field's readiness and response to the evolving demands imposed by low-
carbon projects in the AEC sector. Additionally, most construction professionals interviewed (15 out 
of 17) were employed as PM consultants for the sponsor or part of the sponsor organisations. As such, 
the results might be skewed towards the perspective of sponsors, rather than that of the construction 
supply chain (i.e. Tier 1 contracting stakeholders). Moreover, the study results are limited only to the 
UK. Future studies could investigate the perspectives of PMs from other developed and developing 
countries. Exploring PM practices in other developed economies distinct from the UK could reveal 
alternative strategies and provide a comparative perspective. The implications for emerging 
economies, where carbon considerations might follow a different trajectory also warrant in-depth 
examination. 

Finally, an in-depth exploration of carbon considerations within major and mega projects is 
particularly pertinent, especially in the context of the current emergency. In-depth case studies 
focusing on these large-scale projects could provide valuable insights into the factors influencing the 
integration of carbon metrics. Such research should delve into the decision-making processes 
examining how these choices impact carbon emissions resulting from projects. Furthermore, it would 
be recommended to assess the impacts of key PM processes and strategies on a project’s carbon 
performance over the lifecycle. This would involve a detailed analysis of the various stages of 
construction major projects, from planning to execution, and how each step contributes to the overall 
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carbon footprint of a project. Such research could uncover opportunities for carbon reduction and 
efficiency improvements driven by project teams, potentially leading to the development of updated 
tools and recognising best practices within the profession. 
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