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EXECUTIVE SUMMARY

The best way for the construction industry to safeguard the environment and be responsible
partners in sustainable development is to transition to net-zero carbon project management
(NZPM) practices. Consequently, governments and other construction stakeholders' efforts
have recently intensified to encourage project managers to adopt net-zero approaches in
projects. This urgency arises from the construction industry's significant carbon emissions,
adversely affecting water, climate, and soil. Although strategies exist to minimise the carbon
emissions in projects, past industry reports and literature have minimally addressed the
competencies necessary for project managers (PMs) to lead, plan, manage, and reduce
emissions in construction projects. Therefore, this report aims to explore the critical roles of
PMs in delivering net-zero projects and develop a net-zero project management competency
maturity model. The study adopted mixed methodologies such as literature review,
questionnaire survey and expert forum. The questionnaire survey was used to ascertain project
managers' critical net zero roles and the critical NZPM competencies. The expert forum with
ten experienced practitioners was used to develop a robust maturity model for NZPM. Results
indicate that the major roles played by PM in delivering net-zero projects are: Development of
net-zero carbon project implementation plan and timeline, defining net-zero carbon project
scope levels, Development of net-zero carbon risk management strategies, utilising net-zero
carbon construction materials and Continuous monitoring of net-zero carbon performance.
Further, PMs' five most critical competencies to manage net-zero projects are net-zero carbon
and sustainability benefits management, net-zero procurement management, quality assurance
and verification of net-zero transactions, change management towards climate adaptation and

schedule and roadmap management towards net-zero.

Based on the derived competencies, a maturity model with three maturity levels was developed.

With the maturity model, PMs can accurately assess their NZPM competency through three



levels of maturity progress, i.e. beginner, competent, and expert. The outputs of this study will
inform practitioners of their roles in delivering net-zero projects, and more importantly, the
maturity model will enable project managers and professional organisations to develop

competency programs for delivering net-zero project management.
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1.0 Introduction

The construction industry significantly contributes to greenhouse gas emissions.
Approximately 36% of total energy resources and nearly 39% of global CO2 emissions are
attributed to the construction and building sector (McKinsey 2022). Furthermore, the
construction sector in Australia accounts for approximately 26% of the nation’s total energy
consumption and around 280,000 tons of CO2 emissions daily (NSW 2023). As the global
population continues to rise, so does the demand for new infrastructure projects (Simaitis et al.
2023), increasing construction activities and utilising materials associated with embodied
carbon (PBC 2022). Under the Paris Agreement addressing climate change, governments and
industry leaders (including those in construction) have committed to keeping global
temperature rise below 2°C, ideally at 1.5°C. To meet this target, greenhouse gas (GHG)
emissions across all sectors, including construction, must reach net zero by 2050. Typically,
net zero carbon refers to reducing greenhouse gas emissions to nearly zero while any minimal
remaining emissions are reabsorbed from the atmosphere (Too et al. 2023, Moccia 2021). In
Australia, particularly in New South Wales (NSW), several measures have been undertaken to
tackle high emissions in the construction sector, including the launch of the Accelerating Net
Zero Buildings (ANZB) initiative (NSW 2023). With a total funding of $4.8 million, the NSW
Government aims to facilitate the transition of buildings to net zero emissions (New South
Wales, 2023). The Accelerating Net Zero Buildings initiative will also encompass the National
Australian Built Environment Rating System, which aims to enhance the energy performance
of new buildings and decrease emissions in existing ones. In addition to government initiatives,
key stakeholders in the construction industry, especially project managers (PMs), play a vital
role in achieving net-zero carbon emissions for infrastructure projects. Previous studies have
strongly highlighted the necessity for PMs to improve their expertise in net-zero carbon

projects (Pan and Pan 2020, Zhao and Pan 2017). Project managers are integral to the



successful completion of construction projects as they are responsible for a variety of critical
functions, including planning, organizing, and directing activities. Consequently, they carry
significant responsibility in realizing the net-zero carbon initiatives set forth by the government
within the construction industry, which is essential for addressing climate change and
promoting sustainability (Moccia 2021). Achieving net-zero carbon infrastructure projects
requires advanced project management skills and demands specific competencies that focus on
sustainability and environmental stewardship (Afzal and Tumpa 2024). This urgent need
underscores the importance of project managers enhancing their skills and knowledge to
effectively contribute to the net zero carbon ambitions established for the construction industry.
Furthermore, it is essential for project managers to have a comprehensive understanding of
their defined roles and responsibilities throughout the entire lifecycle of net zero carbon
projects—from inception and design to execution and completion. Despite the critical nature
of project managers’ roles in facilitating the success of net-zero carbon strategies in the
construction sector, research examining the specific net-zero carbon skills and competencies
required for project managers in infrastructure project delivery is strikingly limited. This gap
in knowledge highlights the necessity for a thorough empirical investigation focused on
identifying the distinct roles and essential competencies that project managers must possess to
deliver net zero carbon infrastructure projects successfully in Australia. In response to this
identified need, this research aims to develop a robust net-zero carbon project management
competency maturity model specifically tailored for infrastructure project delivery. This model
will help delineate the core skills and competencies required, ultimately guiding project
managers in their professional development and enhancing their effectiveness in achieving net
zero carbon goals. The objectives derived include

1. To explore and evaluate the critical roles and competencies of Project Managers in

achieving net zero carbon in the infrastructure project lifecycle.



2. To explore the process categories, key process areas and maturity levels of net zero
carbon project management and develop a competency maturity model
3. To test and validate the net-zero carbon project management competency maturity

model

Given the urgent need for governments and project organizations to develop initiatives to
achieve net zero targets by 2050, this research provides valuable insights into project managers'
critical roles and responsibilities in pursuing net-zero goals within the construction industry.
Notably, the competency maturity model can help project managers evaluate their current
competency levels in managing net zero carbon projects and identify the skills needed to
enhance their capabilities in overseeing such initiatives. The overall findings of this research
contribute to the knowledge base surrounding net zero carbon project management
competencies, which can be utilized for ongoing professional development and training by
professional organizations and educational institutions in Australia and beyond (Phung et al.,
2023). Achieving net zero carbon within the construction industry has gained urgency in recent
years, particularly as governments strive to meet the net zero targets for 2050. Given that
project managers play a direct role in delivering infrastructure projects, it is essential for them
to possess a comprehensive understanding of their responsibilities, and the competencies
required to achieve net zero carbon across the project lifecycle, based on empirical evidence.
While there are several studies exploring net-zero construction, there is limited literature
specifically addressing the critical competencies and roles of project managers in achieving net
zero carbon throughout a project's lifecycle (Mavrigiannaki et al., 2021). Consequently, this
research investigates the key issues and management skills necessary for project managers to
meet net zero ambitions in the construction sector. Financial and institutional support from
PGCS significantly facilitated this research. The structure of this report is as follows: Section

2 reviews the existing literature. Section 3 details the research design and data collection
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process. Section 4 presents the data analysis. Section 5 offers an in-depth discussion of the

findings, followed by concluding remarks in Section 6.

2.0 Literature Review

2.1 Defining the Concept of Net Zero Project Management (NZPM)
NZPM (Net Zero Project Management) has gained popularity recently and is crucial for

transitioning infrastructure projects to zero carbon standards worldwide (Simaitis et al., 2023).
Various terms have been used to describe zero carbon project management. According to Dang
et al. (2024) and Roders and Straub (2015), the term NZPM is best understood through four
defining issues: a) the purpose of the project, b) the financial incentives for investors, c) the
commitment to meet climate-friendly and zero carbon emission targets, and d) the expenditure
on energy consumption. These four pillars form the foundation of the NZPM definition.
Another related term is NZSEPM (Net-Zero Site Energy Project Management), which refers
to the minimum energy usage in projects derived from renewable power sources (Alam et al.,
2021). Renewable energy sources are installed onsite or connected to larger energy grids to
ensure sustainable project management. Recommended renewable sources include wind and
solar energy, effectively power projects while emitting minimal pollutants (Hitzeroth and
Megerle, 2013). However, a significant limitation of NZSEPM is the lack of a common source
for energy and materials needed to achieve zero carbon projects. While some definitions focus
on renewable electricity supply, others highlight the consumption of natural gas at various
stages of the project (Maskil-Leitan and Reychav, 2019). Additionally, calculating energy
conversion and construction material usage at project sites to achieve net-zero emissions is
challenging (Mavrigiannaki et al., 2021). Another term related to NZPM is NZPCM (Net-Zero
Project Cost Management). This term refers to managing project costs, including energy bills,
human resources, change management, stakeholder engagement, and models for adapting to

climate change and decarbonization practices in projects (Arueyingho et al., 2023). It
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encompasses energy taxes, indoor air quality monitoring, hot water expenses, and strata
management costs (Akomea-Frimpong et al., 2024b). Finally, Net-Zero Emissions
Management (NZEM) could serve as an alternative to NZPM, focusing on effectively
managing and reducing emissions from projects (Bui et al., 2023; Magbool & Jowett, 2023).
NZEM aims to ensure that project managers and stakeholders develop comprehensive
roadmaps to reduce the reliance on fossil fuels in project construction (Burrows, 2025).
Practical steps from construction stakeholders, including the government, are essential for
transitioning both existing and future projects away from fossil fuel-based materials and energy
sources (Terenzi et al., 2024). Shen et al. (2022) noted that NZEM addresses both the volume
of emissions and the quality of sustainable practices that protect the environment following

project completion. In contemporary literature, other concepts representing NZPM include

2 ¢ 2 ¢

“nearly zero project management,” “zero carbon project management,” “climate-friendly

project management,” ‘“carbon neutral project management,” “zero emission project

29 ¢¢

management,” “net zero ener roject management,” and “environmental-conscious project
b 9

management” (Aliu et al., 2024).

2.2 Net Zero Project Management Roles throughout the project lifecycle

Table 1 outlines the primary roles of managers in net-zero project management (NZPM) as
discussed through the lens of the project management lifecycle. An in-depth literature review

from academic journals and institutional reports identified these roles.

a) Project initiation

The project initiation phase begins the net-zero project management lifecycle (Higson-Smith
2020, Osunsanmi et al. 2024). This is when the project's opportunity or rationale is recognized,
leading to the development of a project aimed at capitalizing on that opportunity. During this
phase, key stakeholders approve or reject incorporating net-zero principles into the project
management process. Additionally, feasibility studies and cost-benefit analyses are performed

12



to ensure the project's business value aligns with net-zero targets (Okraku 2017, Falana et al.
2023). Project initiation is an active phase requiring extensive planning and research to
transform the concept into reality. Various project management software tools provide multiple
views like Gantt charts, kanban boards, and project dashboards, enabling tracking of risks,
tasks, time, and resources related to the formulation of net-zero policies and documentation

(Kamali et al. 2020, Tellier et al.) 2020).

b) Planning

Project managers play a crucial role in developing a net-zero project plan, which is essential
for meeting the project's goal of achieving the lowest possible carbon emissions. This plan must
align with an approved budget and adhere to established timelines (Li et al. 2018). The project
blueprint acts as a comprehensive roadmap, leading the initiative from its inception to
successful completion. It encompasses essential elements like the project's specific scope, a
detailed list of required resources, and an in-depth evaluation of expected timelines and
budgetary needs. Furthermore, it details a communication strategy to keep all stakeholders
updated, a plan for the execution phase and necessary documentation, and a proposal for
follow-up and maintenance to ensure long-term sustainability (Walton et al. 2020, Oduro et al.
2024). When a project is still in the proposal phase and hasn't been approved, the net-zero plan
plays a crucial role in the pitch to decision-makers, showcasing the project’s dedication to
sustainability and environmental stewardship (Akomea-Frimpong et al. 2025). A core
responsibility of a project manager involves assembling and leading a diverse team that
prioritizes sustainable practices. This necessitates strong communication and interpersonal
skills and effective leadership to inspire and guide team members. Additionally, having a clear
grasp of each team member’s strengths and weaknesses is vital for optimizing the project’s

chances of success (Khan 2022, Ohene et al. 2022). After the team is formed, the project
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manager adopts a proactive strategy by allocating distinct tasks to team members, establishing

clear deadlines, and supplying the required resources for each project phase.

c) Construction

The project manager plays a critical role in supervising and ensuring the successful
construction and execution of projects in accordance with net-zero project management plans
(Ohene et al. 2022). This role demands continuous and open communication with project team
members and stakeholders, fostering an environment where effective net-zero project
management (NZPM) practices can be consistently applied throughout the construction phase
(Moghayedi et al. 2024). Adhering to project timelines is crucial, as delays can significantly
impact various construction activities, including concreting, plumbing, finishing, and
excavation. Project managers must adeptly combine time management skills with NZPM
principles to minimize costs and uphold sustainable construction practices, encompassing eco-
friendly materials and energy-efficient methods (Van Tam et al. 2024). In the event of
unforeseen complications or delays, project managers are tasked with quickly resolving issues
and maintaining clear communication with team members and stakeholders. This ensures the
project can regain momentum and stay on track (Mosey and Vornicu 2025). Moreover, they
should possess strong risk management and contingency planning skills, enabling them to
identify potential roadblocks in advance and develop strategies to address these challenges
effectively. A key responsibility of project managers is to devise a comprehensive budget that
outlines the anticipated costs of implementing net-zero targets in projects. They are expected

to monitor expenditures closely and make necessary adjustments to prevent cost overruns.

d) Project closure and operations

Project closure is a critical phase in the NZPM framework, serving as the penultimate step in

the project lifecycle (Keynejad et al., 2020). This phase is important because it requires the
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project manager to verify that the client, stakeholders, or customers have officially accepted
the project deliverables. It is vital that these deliverables meet the specific net-zero criteria set
at the project's start. This guarantees that the results are satisfactory and support sustainability
objectives. For projects continuing beyond the initial closure, establishing strong maintenance
protocols is essential to advance the zero-emission agenda (Tellier et al., 2020). These
protocols should outline responsibilities, timelines, and methods for monitoring and improving
sustainability performance over time. In this phase, the project manager reviews the entire
project, meticulously assessing its performance against the predefined net-zero benchmarks.
This evaluation includes a detailed analysis of project outcomes, resource utilization,
compliance with sustainability standards, and overall impact.

e) Reuse and demolition

The work does not end when a project is completed. Developing a comprehensive plan for
ongoing maintenance, troubleshooting, and the effective reuse of materials is crucial. Project
managers create detailed strategies to support the final deliverable, which include specific
demolition plans, even if they are not directly overseeing the daily operations of the project.
Demolition refers to the process of dismantling, destroying, or removing a structure or parts of
a structure. This process is an essential component of numerous construction projects and may
be necessary when a building is damaged due to natural disasters, is deemed unstable for safety
reasons, or needs to be replaced with materials that can be recycled or repurposed. While
demolition is vital for clearing the way for new construction, it can be hazardous. It involves
many of the same risks associated with regular construction work and additional dangers that
may arise from unknown factors, such as hidden structural issues or hazardous materials like
asbestos (Kamali et al. 2020; Clarke et al. 2023). To ensure a safe and efficient demolition
process, experienced contractors take several key steps to align their work with the principles

of a circular economy and net-zero goals. This may include minimizing waste, maximizing
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material recovery, and reducing carbon emissions (Salami et al. 2021). For example,
demolition contractors obtain the designer's safety report, which contains essential information
regarding the original construction and any modifications made over time. This report helps
ensure that all safety protocols are followed, and that the demolition meets the objectives of

the NZPM framework.
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Table 1. Project managers' roles in delivering net zero projects throughout their lifecycles

Project lifecycle
Positions/Roles Initiation Planning  Construction Closure and Reuse and
operations Demolition References (Refer  to
Appendix 1)
Integration of zero carbon emission management program in X X X X 1, 4, 5,6,7,8,10, 13, 14, 16,
project plans 17, 18, 19, 20, 21
Determination of zero carbon scope levels of the project X X X X 3,6,7,9,11,12,13, 14,17, 18,
19, 21
Define timelines for the implementation of zero carbon programs X X X 2,3,4,6,10, 13, 14, 17, 18,
19, 20
Assess embodied carbon cost in projects X X X X 2,4,5,10, 11, 13, 16, 17, 20,
21
Ensure indoor air quality and lowest carbon emissions X X X 1, 2, 5,6,7,8,11,13, 17, 18,
20
Promote inclusive leadership towards achieving net zero carbon X X 2,5,6,10,11,13,17,19, 21
in projects
Devise and disseminate information about climate change X X 4,7,7,11,17, 18,19, 20, 21
adaptation for the project to external stakeholders
Implement climate and emission risk mitigation strategies X X 2,4,57,14,15,17, 19, 20
Rollout a roadmap towards net-zero and circular procurement for X X X 2,5,6,9, 11, 16, 17, 18, 19,
materials 22
Design strategic net-zero policies for projects X X 5,6,11,12, 13,14,16, 18
Monitor timeline to meet net-zero targets X X X 2,69,11,15,18,19,21
Ensure equitable sharing of administrative net zero carbon X X X X 6,13,16,17,18,19, 20
related tasks on projects
Collect and analyze data on sustainable implementation of net- X X X 2,6,7,11,19, 20, 21
zero project policies
Provide industry-specific coaching for zero carbon policies X X 1,5,10, 11,17, 19
Work with the team to establish future-facing insights into X X X X 5, 11,13, 15, 18, 21
climate resilence for project
Conduct deep analysis of emission status of the projects X X X X 3,12,17, 18, 19
Inspect and fix climate adaption problems in projects X X X X 10,11, 17, 18, 20
Determine the lifecycle cost of net-zero carbon in the project X X X 1,3,21,24
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Ensures competitive tendering for subcontracts works in a net-
Zero projects
Provide adequate budget for carbon capture

Include zero carbon requirements in subcontract documentation
& management
Pay incentives to carbon-sensitive subcontractors

Develop a comprehensive net zero carbon risk management
Design lowest carbon protoype buildings

Determine zero energy building materials suppliers and
manufacturers

Research and incorporate net zero emission building regulations
and requirements in projects

Research building zone laws to meet net-zero requirements

Determine installation and decarbonisation construction methods

Complete drawings, drafts and blueprints inclusive of net-zero
issues
Stay updated on current net zero architectural designs

Involve external stakeholders in developing net zero carbon plan
for the project
Communicate net zero carbon plans to all team members

Ensures that a positive risk culture is embedded in zero project
plans.

Monitor key indicators and internal controls on decarbonisation
risks and performance

Allocates adequate resources to managing decarbonisation risk

Employ functional team leaders with net zero carbon ideology in
projects
HVAC training for project occupants

Providing sustainability manual to project occupants

Monitoring of sustainability fitted equipment and appliances in
project

Analysis of the environmental impacts of the net-zero projects
Provide decarbonisation management details to facility managers

Assess the maintenance of the project to achieve sustainability
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2,4,17,20

5,6,7,19
1,5,10, 24

2,6,9, 10
1,3,6,12
1,14, 12, 16
3,11, 14,17

3,10, 14, 16

4,18, 19,21
3,14, 16, 19
6, 10, 17, 20

1,12,17,19
6,15,16,17,19

1,4,5,6,7,8,9, 13, 15,
17,18, 19,21
1,4,5,7,13, 15, 20, 24

6,7,8,9,15,18,19,23

1,4,11, 15, 20, 24
1,3,5,20,21

4,10, 15,22
14,17, 21
3,12, 16, 18, 20

1,6,7,10, 21
8, 14,16, 18
5,9,12,15
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2.3 Net Zero Project Management Competencies

Net Zero Project Management (NZPM) competencies encompass a range of qualifications that
project managers must possess to effectively deliver projects to achieve net zero emissions
(Bastidas et al. 2023). These competencies include technical skills and knowledge specific to
sustainability practices, relevant experience, interpersonal traits, and strategic thinking
abilities. Such a comprehensive skill set is essential for project managers to navigate the
complexities of net-zero initiatives, ensuring successful outcomes while aligning with both
organizational objectives and stakeholder expectations. These competencies are crucial for
project owners when selecting project managers, as they strive to identify candidates who can
excel in their roles and significantly contribute to the efficacy of the Project Management
Office (PMO) they represent, as well as to the wider community of stakeholders involved (Yin
et al. 2018; Aliu et al., 2024). A thorough literature review has revealed three primary
categories of NZPM competencies, each encompassing several sub-competencies. These
categories provide a structured framework to assess and develop the necessary competencies
for effectively managing net zero projects. An overview of these competencies is presented in
Table 2, with further explanations provided in the following sections to highlight their

importance and application within the context of sustainable project management.

a) Project governance and planning towards net zero attainment competencies

Creating effective plans and schedules is a crucial project management competency required
for successfully implementing zero-carbon projects. Project managers are tasked with
developing comprehensive project plans that clearly outline various components such as
overall goals, specific tasks, performance metrics, deadlines, and additional relevant elements
(Bui et al., 2023; Zhao and Pan, 2017). This structured approach provides clarity and serves as
a roadmap for the project's execution. To design effective and realistic net-zero project

management plans, project managers must possess strong planning skills that enable them to

19



anticipate potential challenges and allocate resources efficiently. These planning skills include
risk assessment, resource management, and stakeholder engagement, which are essential for
achieving desired outcomes while minimizing setbacks. Furthermore, exceptional scheduling
skills are vital for project managers to ensure that projects remain on track and that deadlines
are met without overburdening their teams. This involves creating detailed timelines
incorporating key milestones and deliverables, allowing for regular progress monitoring and
adjustments as needed. Project managers often collaborate with their teams to establish realistic
timelines, ensuring buy-in and accountability. In addition to planning and scheduling, project
managers play an instrumental role in leading their teams. Effective leadership involves
guiding the team through the project phases, motivating members, and employing various
motivational strategies that resonate with individual team members (Turyamureeba, 2017).
This may include recognizing achievements, providing professional development
opportunities, or fostering a supportive team environment that encourages open dialogue. As
leaders, project managers provide constructive feedback to team members aimed at facilitating
their improvement and professional growth (Osei-Kyei et al. 2024). Equally important is their
willingness to receive feedback from the team, fostering a culture of transparency and mutual
respect. This reciprocal feedback process is crucial for identifying and addressing challenges,
spotting potential risks, and enhancing team effectiveness within the parameters of a
sustainable project framework. Moreover, project managers are responsible for closely
monitoring the progress of their teams, which helps ensure that projects stay aligned with their
goals and schedules. Regular check-ins, status updates, and performance evaluations are
integral to this process, enabling managers to make informed decisions and adjustments as
necessary. To achieve net-zero project objectives, project managers must possess a well-
rounded skill set that includes leadership qualities, strategic planning capabilities, and a deep

understanding of the tasks and roles involved in their projects (Nidhin et al., 2023). This
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multifaceted approach enhances project success and empowers teams to thrive in an

increasingly complex and sustainability-focused environment.

b) Net zero stakeholder management competencies

Project managers must possess robust communication skills to effectively manage the diverse
stakeholders involved in net-zero projects. Effective communication is critical in stakeholder
management, as project managers frequently interact with various individuals, including team
members, clients, suppliers, and community representatives (Evans and Karvonen, 2014). This
emphasizes the necessity of honing communication skills that cater to various audiences and
contexts. The ability to convey information clearly and confidently can significantly influence
stakeholder engagement and project outcomes (Fitriani and Ajayi, 2023). The project manager
must effectively mediate when conflicts or disagreements emerge during projects. This requires
employing listening, communication, and conflict resolution skills to reconcile differing
viewpoints and establish common ground. By tackling conflicts with empathy and a problem-
solving attitude, project managers can effectively handle challenges while preserving positive
relationships among team members and stakeholders. Additionally, project managers are
tasked with maintaining professionalism and ethical standards in their work. This means
ensuring transparency in decision-making, fulfilling commitments, and valuing all team
members' diverse backgrounds and perspectives. By creating an inclusive and supportive
atmosphere, project managers can strengthen team cohesion and contribute to the successful

completion of projects.

c) Net zero risk management competencies

Effective project managers can organize and manage risks and uncertainties (Walton et al.,
2020; Satola et al. 2022). Good organization is crucial for effective risk management, as project

managers often handle multiple complex issues simultaneously to achieve net-zero objectives.
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To keep track of every risk, assigning specific roles, tasks, deadlines, and other pertinent
information is essential to manage the severity and frequency of these risks (Kristjansdottir and
Busch 2019; Moghayedi and Awuzie 2023). Moreover, robust negotiation skills are crucial
for project managers to manage budgets, project scopes, resource allocation, and other project
dimensions. These abilities are essential for proficient contract and change management.
Another critical element for project managers is understanding benefit management. Mastery
in this area enables them to recognize potential risks and convert them into profit opportunities.
Additionally, project managers must successfully oversee the benefits delivered to various

stakeholders, including construction workers (Falana et al. 2024).
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Table 2. Categories of NZPM competencies

NZPM main competencies

NZPM sub-competencies

Explanations

References
Appendix 2)

(Refer to

Project governance and planning towards

net zero attainment competencies

Net zero
competencies

stakeholder

management

Net-zero-oriented leadership and
governance qualities

Financial budgeting skills to
transition to net-zero projects

Business case qualities for climate
change action

Net-zero procurement management
Quality assurance and verification of
net-zero transactions

Integrated climate-friendly project
planning

Schedule and roadmap management

towards net-zero

Personnel and team management

Stakeholder engagement and
sustainable communications

23

Adequate knowledge about good
leadership and governance towards
achieving net zero targets in projects
In-depth understanding on net-zero
financial investments and financial
reporting systems

Enough knowledge and skills in
managing  climate  crisis = of
infrastructure projects

Have strategic measures to deal with
social and environmental issues in
procurement contracts

Develop, implement and maintain
recommendations for corrective
actions on quality reviews of projects
Demonstration of deep knowledge of
formats for integrated plans in
sustainable and climate smart
infrastructure project.

Application of schedule
management techniques to meet net-
zero timeline targets

Evaluation and upliftment of
capabilities of  workers and
organisational learning to attain
lowest carbon emissions
Recognition of stakeholder interests,
requirements and levels  of
communications towards net-zero
projects

1, 4, 5,6,7,8,10, 13, 14, 16,
17,18, 19, 20, 21, 27

2,3,6,9 11, 12, 15, 16,
17,18, 19, 20

3,10, 11, 14, 16, 17, 22, 25,
26

3,7,9,11, 16, 18, 19, 20

1, 4,5,6,7, 8,9, 13, 15,
17,18, 19, 21

2,5,6,7,8, 10,11, 15, 18,
19, 21

1,3,5,10,13,17,21,24, 27

6,7,8,9,15,18,19,23

2,5,6,9,11,16,17,18, 19,22



Net zero risk management competencies

Dispute resolution and path to zero
carbon targets

Diversity, equity and inclusion
qualities

Ethics, compliance and
professionalism

Net-zero transition risk management
capabilities

Change management towards

climate adaptation

Sustainable contract management

Net zero carbon and sustainability
benefits management

Understand the various land disputes
and sustainable construction
activities with a roadmap on conflict
resolutions

Has the capacity to maximise the
contributions of diverse
communities at the workplace
Encourage a safe and effective
professional working environment
with strong adherence to inclusive
and professional ethics

Has the capability to implement
multidimensional risk management
frameworks for managing climate
risks in projects

Promote and adhere to sustainable
change in working practices on the
infrastructure projects

Has the ability to apply and
administer contractual agreements
related to net zero targets and climate
change mitigation plans in projects
Effective in understanding,
identifying, capturing and protecting
net zero carbon and sustainability
benefits in projects

1,2,3,11, 13, 18, 20, 27

2,5,8,10,11, 16, 18, 20, 21,
22,24,27

2,5,6,7,8,10, 11, 15, 18,
19, 21

11, 16, 18, 20, 22, 23, 25, 27

2,69,11, 15,18, 19, 21

3,13, 16, 18, 19, 21, 25, 27

7,10, 11, 14, 17, 21, 26
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2.4 NZPM competency maturity model
The Capability Maturity Model (CapMMs), developed by the Software Engineering Institute,

has significantly transformed project performance assessment and management (Fisher, 2004;
Becker et al., 2009). This framework was inspired by military practices to design technology
process improvement models for the United States Defense Forces (Paulk et al., 1993). It also
drew inspiration from Crosby's "quality is free" concept in project maturity management. In
the 1980s, technology companies began implementing CapMMs before it gained traction in
other sectors in 1995, followed by subsequent updates and new maturity models (Roglinger et
al., 2012). The aim of maturity models is to support organizational improvement by promoting
a culture that identifies low-performance areas and initiates continuous enhancement measures
(Akomea-Frimpong et al. 2021). Introducing quality standards and performance metrics is a
fundamental principle of maturity models (Andersen and Jessen, 2003). Maturity models
establish formal processes for standardizing and adhering to improvement procedures and
organizational structures (Kim and Grant, 2010). The model facilitates the measurement and
monitoring of progress, guiding organizations from an amateur stage to a professional level
while evaluating the resources and capabilities of Project Management Offices. The
capabilities of PMOs evolve through key process areas (Crawford, 2021). CapMMs outlines
five maturity levels: ad hoc, fundamentally repeatable processes, defined and consistent
processes, controlled management actions, and continuous improvement processes, all aimed

at achieving optimization (Machado et al., 2021).

Although CapMMs has brought significant changes to organisational process improvement systems, it
has the following weaknesses. First, implementing is rigid because it prioritises strict adherence to
compliance rules and procedures (Yassien 2020). Due to this, it is difficult to include emerging issues

as it has been tailored to follow set guidelines. Second, its application consumes many resources and
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time to adhere to all the rules and compliance standards. This demands a large organisation with a large
budget to cater for its implementation requirements. This sidelines smaller organisations without
resources to adopt the CapMMs models (Gokalp and Martinez 2022). The third weakness of CapMMs
is that it emphasises more on making the processes and systems work instead of improving the
capabilities (competencies) of people. Fourth, it introduces bureaucracies into an organisation, limiting
the capacity to realise improvements in real life (Akomea-Frimpong et al., 2021a). Lastly, CapMMs
has a historical outlook over futuristic and predictive foresight to promote continuous progress. This
puts limitations on catching up with a fast-changing world (Trevifio-Elizondo and Garcia-Reyes 2023).
To resolve these challenges on CapMMs, there are many extensions which have been developed such
as the competency maturity models (CompMMs). The CompMMs have become prevalent since the
2000s over the CapMMs due to the quest for organisations to demand and achieve employee
performance. Skorkova (2016) and Blanka et al. 2022) defined CompMMs as frameworks of collection
of abilities, skills and qualities of an organisation, and they are prominent in serving as benchmarks for
assessing the current state of the competencies and improving upon them. The primary goal of the
CompMMs is to shift the focus from improving only organisational systems and processes to embracing
the improvement of individual workers and teams (Curtis et al. 2009). That means, it supports the
transformation of employees to have experience and continuous better outcomes towards the overall
firm’s outputs. Nevertheless, the weakness of CompMM is its inability to easily adapt to a changing
world of smart technologies such as artificial intelligence and robots over human abilities in project

management (Maisiri et al. 2021).

CompMM encompasses key management process areas and practices. The essential areas in
the maturity process include project goals, capabilities and performance commitments,
activities (tasks), assessment of tasks undertaken, and approval of performed tasks (Alldredge
and Nilan 2000). Each key area comprises various practices tailored to project specifications.
Common practices include documentation, resource management, funding, training, policy

formulation, quality checks, and risk analysis (Becker et al., 2009; Backlund et al., 2014).
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Level 3- Expert level
Advanced professional kno

problem- ategic decisions on net-zero
project management

Net-zero competencies

1. Net-zero-oriented leadership and governance qualities
2. Financial budgeting skills to transition to net-zero
projects
3. Business case qualities for climate change action
4. Net-zero procurement management
5. Quality assurance and verification of net-zero
transactions
6. Personnel and team management
7. Stakeholder engagement and sustainable
conumunications

8. Dispute resolution and path to zero carbon targets
9. Diversity, equity and inclusion qualities
10. Ethics. compliance and professionalism
11. Integrated chimate-friendly project planmng
12. Schedule and roadmap management towards net-zero
13. Net-zero transition risk management capabilities
14. Change management towards climate adaptation
15. Sustainable contract management
16. Net zero carbon and sustainability benefits
management

Level 1- Beginner/knowledge level

Figure 1. The NZPM maturity model

The Net-Zero Project Management (NZPM) integrates all the competencies outlined in Table
2. Three levels of maturity involved in the NZPM are presented in Table 3 and Figure 1 which
are categorized under three major groups of competencies with key process areas (KPAs)
representing sub-competencies. Level 1: Basic Knowledge Stage. At this level, a project
management professional must possess fundamental skills to understand the principles and
concepts of net-zero project management in infrastructure projects and basic issues regarding
net-zero goals. This level includes awareness and understanding of NZPM competencies and
involves assessing carbon emissions based on extensive data collection from the project or
similar past projects. Leadership commitment is essential for guiding project teams in
understanding compliance and regulatory policies. Level 2: Competent Stage. At this stage,
professionals apply their acquired knowledge to advance net-zero project management in
infrastructure development. Level 3: Professional Expert Level. At this advanced stage, project

managers demonstrate extensive professional knowledge and actively monitor and implement
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problem-solving strategies related to net-zero project management. They collaborate with peers
in the construction industry to develop emission reduction solutions for projects. Strategies for
carbon capture, technology implementation, and carbon credit utilization are primarily

addressed by project managers at this level.
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Table 3. NZPM maturity levels and characteristics

Net zero competencies

Maturity Levels

Maturity characteristics

References (Refer to Appendix

2)

Net-zero-oriented leadership and LEVEL 1 - Beginner/knowledge level

governance qualities

Financial budgeting skills

transition to net-zero projects

to

Demonstrate basic knowledge about good
leadership and existing governance structures
towards attaining net-zero carbon emissions in
projects.

LEVEL 2 - Competent level

Ability to apply inclusive leadership and
governance skills to accept and tackle the realities
of carbon emissions in projects

LEVEL 3 - Expert level

Conceive and lead the strategic vision and
governance systems towards the attainment of
sustainable and circular least emissions in projects.

LEVEL 1 - Beginner/knowledge level

29

I have adequate knowledge about good leadership and
governance towards achieving net zero targets in

projects

I have developed the ability to apply inclusive
leadership and governance skills in net zero carbon

projects

I have developed the ability and capacity to lead the
strategic vision and governance systems towards

achieving net zero and sustainability in projects

1,4,5,6,7,8,10, 13, 14, 16, 17, 18,

19, 20, 21, 23, 26

1,2,5,6,7,8,11,13, 17, 18, 20, 23,

25

2,6,9,11, 15,18, 19,21



Business case qualities for climate

change action

Demonstrate knowledge about net-zero financial
investment in projects coupled with the
organisation’s financial plan and reporting systems
towards reduction of carbon emissions.

LEVEL 2 - Competent level

Ability to assess the efficacy of budgets to achieve
climate adaption and resilience in projects through
feasibility studies and investment appraisal options
LEVEL 3 - Expert level

Capacity to supervise net-zero budget allocations,
implementation and financial risks through
advanced insight and assessment into the expected
cashflow outcomes of the project.

LEVEL 1 - Beginner/knowledge level

Demonstrate basic information and understanding

about the critical nature of climate crisis in

infrastructure projects; the mechanisms to mitigate

30

I understand net-zero financial investments and 6, 13,16, 17,18,19, 20

financial reporting systems

I possess the skills to undertake investment appraisal of 3, 13, 16, 18, 19

net-zero projects

I can supervise and assess cashflows of net-zero 1,2,3,4,11,13,17,18,20,21,24

investments

I have in-depth knowledge on climate crisis of 5,6,7,19, 28

infrastructure projects



it and the stakeholders deeply affected by climate

crisis

LEVEL 2 - Competent level

Ability to analyse and demonstrate climate risk I can assess climate crisis in infrastructure projects 2,6,9, 10
management skills in infrastructure projects

LEVEL 3 - Expert level

Establish and monitor business cases to align with I have established and monitor business cases to align 3, 10, 11, 14, 16, 17, 26
net zero goals together with appropriate measures  with climate action strategies in net zero projects

to adapt the likely consequences of climate change.

Communicate efficient project delivery strategies

to stakeholders on carbon reduction and climate

change.

Net-zero procurement management LEVEL 1 - Beginner/knowledge level
Demonstrate adequate understanding on climate- I have enough understanding on climate-friendly supply 3,7, 9, 11, 16, 18, 19, 20
friendly  supply chain method, project chains
organisation’s approach to net-zero procurements
and circular green supplies.

LEVEL 2 - Competent level

31



Quality assurance and verification

of net-zero transactions

Ability to disseminate the information in low
carbon procurement frameworks; analysis the
progress of net-zero supplies chains and make
corrective actions in accordance with procurement
contract agreements

LEVEL 3 - Expert level

Take strategic decisions including social and
environmental issues in procurement contracts.
Able to implement and supervise appropriate
controls on supply chains towards sustainable
procurements in infrastructure projects.

LEVEL 1- Beginner/knowledge level

Obtain appropriate information from valid sources
to inform the lowest-carbon reviews of projects
and get involved with the relevant stakeholders to
adhere to reviews and quality standards to
achieving climate resilient projects

LEVEL 2 - Competent level

32

I can disseminate information on

procurement frameworks and net-zero supply chains

I take strategic decisions including

environmental issues in procurement contracts towards

the attainment of net-zero projects

I have gathered appropriate information from valid

sources for review and validation of project transactions

low carbon

social and

1,12,17,19

11,15, 18

4, 19,20, 24



Personnel and team management

Ability to effectively review the resources and
transactions on incorporating net-zero models into
construction activities.

LEVEL 3 - Expert level

Develop, implement and maintain
recommendations for corrective actions in review
of climate resilience projects with quality measures
at each stage of the project.

LEVEL 1 - Beginner/knowledge level

Knowledge of what constitutes a training and
development strategy to transition workers net-
zero project management.

LEVEL 2 - Competent level

Ability to evaluate and uplift the capabilities of
workers and organisational learning to attain

lowest carbon emissions

LEVEL 3 - Expert level

33

I have the ability to effectively review the resources and
transactions on incorporating net-zero models into

construction activities

I develop, implement and maintain recommendations
for corrective actions after reviews of climate resilience

projects

I'have deep knowledge of what constitutes a training and
development strategy to transition workers net-zero

project management.

I evaluate and uplift the capabilities of workers and

organisational learning to attain lowest carbon

emissions

6,15,16,17,19

2,4,8,12

1,4,5,6,7,8,9,13,15,17,18, 19,

21

6,7,8,9,15,18,19,23



Stakeholder  engagement  and

sustainable communications

Dispute resolution and path to zero

carbon targets

Meet the balancing demands and improve
individual and team strengths to net-zero levels
together with continuous improvement programs

LEVEL 1 - Beginner/knowledge level

Knows stakeholder interests, requirements and

levels of communications towards net-zero
projects

LEVEL 2 - Competent level

Ability to analysis and report the effectiveness of
stakeholder engagement and communication plans
to support carbon reduction project activities.
LEVEL 3 - Expert level

Set strategic meetings with stakeholders and
disseminate information on net-zero and
sustainable circular project management

LEVEL 1 - Beginner/knowledge level

34

I meet the balancing demands and improve strengths to

net-zero levels with continuous improvement programs

I recognise Knows stakeholder interests, requirements

and levels of communications towards net-zero projects

I analyse and report the effectiveness of stakeholder
engagement and communication plans to support carbon

reduction project activities.

I have set strategic meetings and inform stakeholders
about net-zero and sustainable circular project
management

6,7,8,9, 15, 18, 19, 20,21, 25, 27

2,5,6,9,11,16,17, 18, 19, 22

2,5,6,7,10,27

3,12,17, 18,19



Diversity,

qualities

equity and

inclusion

Knowledge of ways to identify conflict in
sustainable construction activities, land use and
investments in clean energy.

LEVEL 2 - Competent level

Ability to determine the optimal solution to satisfy
aggrieved parties in net-zero project requirements
with comprehensive measures on conflict
resolution.

Expert level

Implement an effective monitoring and clear
processes to mitigate contract disputes with
pathways to resolve future role and stakeholder
conflicts

Beginner/knowledge level

Knowledge of fair treatment of workers where
leaders seek information about the diversity and
inclusion policies of a project including women

and minorities in project policy framework

35

I understand the various land disputes and sustainable

construction activities

I have ability to develop and apply solutions to conflicts

on net-zero projects.

I design, implement and monitor clear processes to

mitigate contract disputes

I have insight on fair treatment of workers together with

inclusion, equity and diversity and inclusion policies

1,2,3,11, 13, 18, 20, 27, 27

1,5,10, 11, 17, 18, 20, 22, 24, 27

1,2,3,6,8,12,13, 18, 23, 27

1,14, 12, 16



Ethics, compliance

professionalism

and

Competent level

Capacity to maximise the opportunities presented
by a diverse team and lead them to achieve net-zero
goals. Communicate effectively to diverse
community to create and sustain an inclusive
workplace

Expert level

Build and maintain long-term inclusive
environment that embraces diverse cultures
towards achieving net zero targets in projects. This
is attained through proactive research into different
kinds of cultures, orientations and preferences of
workers

Beginner/knowledge level

Act in accordance with basic organisational and
professional information on codes of conduct
towards climate change mitigation policy and net

zero targets

36

I have the capacity to maximise the contributions of

diverse communities at the workplace

I have built and maintain long-term inclusive
environment that embraces diverse cultures towards

achieving net zero targets in projects.

I act in accordance with basic organisational and
professional information on codes of conduct towards

climate action

11, 16, 18, 20

6,10, 17,20

14,19, 20



Integrated climate-friendly project

planning

Competent level

Ability to analyse the ethic codes necessary for net-
zero project delivery and report the lapses that
compromise professional ethics and conduct in
net-zero projects

Expert level

Encourage a safe and effective professional
working environment with strong adherence to
professional standards and ethics by implementing
long-term action plan for inclusive workplace
towards sustainable project deliveries and meeting
climate change mitigation plans

Beginner/knowledge level

Demonstrate knowledge of formats for integrated
plans in sustainable infrastructure project.
Competent level

The ability to apply the definition in detailed

planning to zero carbon projects with continual

37

I analyse the ethical and professional codes of conduct

on net-zero project delivery

I have encouraged a safe and effective professional

working environment with strong adherence to inclusive

and professional standards

I demonstrate deep knowledge of formats for integrated

plans in sustainable infrastructure project.

I can define detailed plans to zero carbon projects

6,7,8,9,15,21,24,25

1,2,4,5,11,25

2,5,6,7,8,10,11, 15, 18, 19, 21

6, 13,16, 17,18, 19, 20, 23, 27



Schedule and roadmap management

towards net-zero

assessment of the progress of integrated plan
concerning net-zero targets.

Expert level

Development and integration of strategic
integrated plans for climate action and
environmental conscious projects

Beginner/knowledge level

Demonstrate basic knowledge on net-zero project
schedule management and aware of timelines to
reduce carbon emissions

Competent level

Capacity to apply schedule management
techniques to meet net-zero timeline targets where
the duration estimates and critical dates for each
activity and event are known.

Expert level

38

I develop and integrate strategic integrated plans for 2,6,7,11, 19, 20, 21

climate action and environmental conscious projects

I demonstrate basic knowledge on net-zero project 3,12,17,18,19
schedule management and aware of timelines to reduce

carbon emissions

I have applied schedule management techniques to meet 1, 3, 5, 10, 13, 17, 21,24, 27

net-zero timeline targets



Net-zero transition risk management

capabilities

Change  management

climate adaptation

towards

Ability to refine a schedule of net-zero project
lifecycle activities and undertake inclusive time-
based planning with an emphasis on activities and
resource. Have the skills to ensure timelines are in
line with Paris climate agreement for zero projects

Beginner/knowledge level

Demonstrate basic knowledge on the key climate
risks of infrastructure projects

Competent level

Capacity to examine the implications of the climate
risks and respond zero-carbon transition lapses
Expert level
Ability to implement multidimensional risk
management frameworks for managing climate
risks in projects; and monitor progress of climate

risk response for net-zero infrastructure projects

Beginner/knowledge level

39

I can refine a schedule of net-zero project lifecycle

activities and undertake inclusive

construction activities

I demonstrate basic knowledge on the key climate risks

of infrastructure projects

I have the capacity to examine the implications of the

climate risks and respond zero-carbon transition lapses

I can implement multidimensional risk management

frameworks for managing climate risks in projects

time-based

1,5,10, 24

1,14, 12, 16

3,10, 14, 16

11, 16, 18, 20, 22, 23, 25, 27



Sustainable contract management

Demonstrate basic knowledge in tools and
techniques available to proactively embrace
sustainability project change and have basic
information about all the climate resilient based
options to change.

Competent level

Managerial skills on the variations and change
requests in a controlled way and assess the
methods of analysing patterns of change in
inclusive project management.

Expert level

Promote and adhere to sustainable change in
working practices on the infrastructure projects
with  continuous improvement in change
management.

Beginner/knowledge level

Demonstrate adequate understanding on contract

exclusions and the primary terms and clauses in

40

I have demonstrated basic knowledge in tools and

techniques to embrace sustainability project change

I have the managerial skills to analyse patterns of change

in inclusive project management.

I have promoted and adhered to sustainable change in

working practices on the infrastructure projects

I have adequate understanding on contract exclusions
and the primary terms and conditions to carbon

emissions in project

6,7,8,9,15,18,19,20,21, 24,27

2,5,6,9,11,16,17, 18, 19, 22

2,6,9,11, 15,18, 19,21

6, 13,16, 17,18, 19, 20



Net zero carbon and sustainability

benefits management

standard forms related to carbon emissions in
project

Competent level

Ability to apply administer contractual agreements
related to net zero targets and climate change
mitigation plans in projects

Expert level

Capacity to drive the project's strategic directions
towards the attainment of the net zero and climate
change contract requirements. Able to monitor and
support optimised net-zero contract dispute

measurecs

Beginner/knowledge level

Demonstrate adequate understanding on the
identification of net zero and sustainability projects
benefits

Competent level

41

I can apply administer contractual agreements related to
net zero targets and climate change mitigation plans in

projects

I have the capacity to drive the project's strategic
directions towards the attainment of climate change

contract requirements

I have deep understanding on the identification of net

zero and sustainability projects benefits

3,13, 16,18, 19, 21, 25, 27

2,6,9, 10, 16, 18, 19, 24, 27

1,3,4,6,17,28



Ability to identify, capture and protect net zero
carbon and sustainability benefits in projects
Expert level

Capacity to develop and implement net zero carbon
and sustainability benefit plan, assess the risks
associated with achieving the benefits and review

the benefit results/outcomes

I can identify, capture and protect net zero carbon and 4,5, 16, 18, 20

sustainability benefits in projects

I have developed and implemented net zero carbon and 2, 4, 18, 25
sustainability benefit plan, assess the risks with benefits

outcomes of the project
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3.0 Methodology

The following are the steps in the methodology which underpins the research processes in this

report (see Figure 2):

Objective 1 - Explore and evaluate the critical roles
and competencies of Project Managers in achieving

h

Literature Review & Questionnaire Survey

net zero carbon in project lifecycle

Objective 2 - To explore the process categories, key
process areas and maturity levels of net zero carbon
project management and develop a competency
maturity model

Literature Review & Three round expert
Interviews

Y

Objective 3- To test and validate the net zero carbon |
project management competency maturity model

Figure 2. Flowchart of the research methodology.

3.1 Review of past literature

Literature reviews are recognized as effective methodologies for gaining insights into the
current state of knowledge on a specific topic (Muhammad and Johar, 2017). The literature
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review was organized into a systematic three-step approach. In Step 1, a comprehensive search
was performed across highly reputable databases and platforms such as Google Scholar,
Scopus, Web of Science, and various government websites. This search aimed to collect
various academic and governmental documents related to NZPM, focusing on theoretical and
practical aspects. Step 2 involved a meticulous visual examination of the documents collected
in Step 1. During this process, irrelevant materials were removed based on established criteria,
such as publication relevance, date of publication, and alignment with the specific focus on
project management roles and competencies within NZPM. After consolidating the relevant
documents, 24 significant papers were identified that specifically addressed the roles of project
managers in NZPM, while 27 documents were found to concentrate on the essential
competencies required for effective project management within this context. In Step 3, an in-
depth analysis of these selected documents was conducted, which facilitated a clearer
understanding of the specific roles played by project managers and the key competencies that
contribute to successful project management practices in net zero. This detailed examination

allowed for the distillation of critical insights and best practices relevant to the field of NZPM.

3.2 Design of questionnaires

3.2.1 Questionnaire for PM survey

The literature review on roles and competencies guided the design of a questionnaire to gather
comprehensive feedback from project management (PM) practitioners. A 5-point measurement
scale was developed based on the roles and competencies identified in NZPM (Mwesigwa et
al., 2019; Kurokawa et al., 2017). The questionnaire consists of three sections: 1.
**Demographic Information: ** This section collects data on respondents' educational
qualifications, work experience, and project-related experience. 2. **Roles of Project
Managers:** This section focuses on the roles of project managers who are experts in NZPM.

3. **Competencies of Project Managers: ** The third section gathers information on the
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competencies required for project managers in the context of NZPM. Respondents were asked
to indicate their level of agreement with each item using a five-point Likert scale. Face validity
was established through a pilot study in which the draft questionnaire was emailed to experts.
This was done to identify any issues regarding the wording of the questions, the appropriateness
of the content related to NZPM, and the evaluation of completion time (Kurokawa et al., 2017).
The pilot study involved five experts with over ten years of experience in project management,
along with two professors who have published more than five papers on net-zero and
sustainable project management.

3.2.2 Expert Forum

The expert opinion method systematically collects insightful and reliable information from
specialists in a specific field (Hallowell and Gambatese, 2010). This method is particularly
valuable when it is essential to substantiate research findings with credible evidence, thereby
enhancing both the validity and reliability of the outcomes (Cheung et al., 2009; Gomez and
Gambo, 2015). The perspectives of qualified experts play a crucial role in framing substantial
discussions, especially regarding the implementation of innovative practices or solutions they
recommend. These expert recommendations are vital for achieving meaningful and relevant
results (Agyekum-Mensah et al., 2020; Chan and Kumaraswamy, 1996). The process typically
involves orchestrating brainstorming sessions where selected experts can share their insights
and judgments. This collaborative approach aims to mitigate inherent biases that could skew
the outcomes. Furthermore, the selection criteria for these experts are paramount; an ideal
selection process ensures that the gathered opinions are both informed and credible, leading to
robust findings from the expert opinion method. In the context of this research, the maturity
model specifically designed for NZPM was meticulously developed from an extensive

literature review. This model was then presented to an expert forum comprising industry
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leaders and experienced practitioners for rigorous analysis and validation. Their feedback was

used to refine the model further, ensuring it accurately reflects the realities

3.3 Distribution and collection of data

3.3.1 Administration of Questionnaire Survey

A questionnaire survey was administered to PMs on NZPM. Snowball sampling was selected
in recruiting PM practitioners to provide reliable information on the roles and competencies of
NZPM (Ackroyd and Fleetwood 2005). The sampling method was chosen because of the time
frame of the research and the ease of accessing the respondents and for the respondents to reach
out to colleague PMs. Further, there is an absence of a construction register on the number of
PMs; therefore, selecting participants through this sampling technique is appropriate for this
research. Participants in this survey were contacted via LinkedIn and other social media
avenues with the target social media handles that have PMs in their biographies or statuses.
Thirty-four PMs initially responded to many messages sent. These potential participants were
asked to recommend their work colleagues to be part of the survey. In a nutshell, 134 names of
PMs and their emails were compiled. A total of 83 valid responses were received were 83. The
sample size is sufficient for this research based on other studies in PM research, which have
used a smaller sample size (Babatunde et al. 2015)

3.3.2 Conducting the Expert Forum

The experts' forum aimed at developing and testing the NZPM maturity model involves a two-
step process. In the initial selection phase, industry experts with rich experience in net-zero
project delivery and sustainability were drawn from professional bodies in PM management.
The researchers compiled a list of 10 potential experts from their professional network. This
number meets the required minimum of seven experts (Mainul Islam and Faniran 2005). The
10 experts agreed to participate in the expert forum. As the second step of the selection process,

an email was dispatched to all 10 experts who participated in the research. This email sought
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details about their qualifications, education, project management experience, etc. The consent
form and project participant information sheet were included to obtain their consent. This
information is requested to substantiate the analysis derived from their responses.

3.4 Data analysis techniques

Data collected through the questionnaire survey were analyzed using SPSS version 28, a
comprehensive statistical software package widely utilized for data analysis. Several analytical
methods were employed in this study, including Cronbach’s alpha, mean score ranking,
normalization, exploratory factor analysis (EFA), and fuzzy synthetic evaluation (FSE), each
serving a specific purpose in evaluating the data. Initially, Cronbach's alpha coefficient was
applied to assess the internal consistency and reliability of the measurement items in the
questionnaire. This statistical test is crucial for ensuring that the items measure the same
underlying concept, thereby enhancing the internal reliability of the instrument (Amaratunga
and Baldry, 2001). A high Cronbach's alpha value indicates a strong correlation among items,
suggesting that they all contribute effectively to the overall construct being measured.
Following that, mean score analysis was conducted to evaluate the relative importance of each
role and competence of project managers (PMs). This process involved calculating the average
scores for various items, which helped rank the different competencies based on their perceived
significance by respondents. The overall dataset was then subjected to exploratory factor
analysis (EFA). EFA is a statistical technique to identify underlying relationships between
variables by grouping correlated variables into distinct clusters or factors. This analysis helps
uncover the latent structures within the data, which are not immediately apparent. In addition
to these methods, fuzzy synthetic evaluation (FSE) was undertaken to address the complexities
and uncertainties associated with subjective views. By leveraging fuzzy logic, this approach
converts vague opinions into a more objective set of outcomes based on the survey responses

(Nguyen and Macchion, 2023). FSE operationalizes subjective perspectives, allowing for the
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quantification and computation of desired results that can support informed decision-making
processes. It thus facilitates evaluating diverse responses and synthesising them according to
various ranking criteria (Zimmermann, 2011). Previous research, including studies conducted
by Nguyen and Macchion (2023) and Kukah et al. (2023), has highlighted the effectiveness of
FSE in analyzing a variety of factors across different domains. In the realm of project
management, Xu et al. (2010), Wuni et al. (2020), and Ekanayake et al. (2022) have
underscored that FSE plays a pivotal role in establishing weights and membership functions
that contribute to a more objective analysis of issues related to the management of construction
firms and projects. Hence, applying these advanced statistical techniques not only enhances the
quality of the research findings but also provides practical insights that can be leveraged for

improved decision-making in project management contexts.

4.0 Results
4.1 Profile of respondents

This section provides information about the job positions, country of origin and experiences

of the project managers who participated in the survey.

4.1.1 Positions of respondents

Academia (researchers & consultants) || NN 2
Project manager [N 15
Quantity surveyor || NG ©
Others positions [N 8

Finance/Accountant [l 6

Positions of respondents

Site Consultant [ 3
Civil engineer . 2

0 5 10 15 20 25 30 35 40 45
Counts

Figure 3. Overview of the positions of the respondents
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The analysis from the survey responses from the PMs show that most practitioners (42
respondents in Figure 3) work in higher degree educational institutions. These respondents
have vast research, teaching and practical knowledge and experiences on net-zero issues that
affect projects. Most of them also work as consultants to private and government-sponsored
infrastructure projects. The remaining respondents are the core members of NZPM teams.
From Figure 3, this includes the project manager (15), quantity surveyor (9), finance or cost
accountant (6), site consultant (3), civil engineer (2) and other team members (8).

4.1.2 Countries of respondents

Many of the respondents in Table 4 reside in Australia (34.94%).

Table 4. Geographical location of respondents

Country Frequency (experts) Percentage
Angola 1 1.20
Australia 29 34.94
Barbados 3 3.61
Brazil 4 4.82
China 12 14.46
Congo 1 1.20
Ghana 2 2.41
Greece 4 4.82
India 3 3.61
Indonesia 3 3.61
Kenya 4 4.82
New Zealand 1 1.20
Nigeria 3 3.61
Sierra Leone 1 1.20
South Africa 1 1.20
Sweden 1 1.20
United Kingdom 5 6.02
United States 5 6.02
Total 83 100

Australia’s target to reach net-zero emissions by 2050 has been supported by the major political
parties: Labour, Liberal/National Coalition and the Greens. From the top political hierarchy,

the rippling down effects on the economy, society and industries such as the construction
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industry in Australia is enormous. The built environment (construction industry) in Australia
is keen on achieving the net-zero status for all projects in line with the national transition targets
(Brown et al. 2024). China, ranked second (14.46%), has a roadmap towards climate-friendly
projects by 2060. Moreover, the United States and the United Kingdom recorded 6.02%
responses. These four above-mentioned countries are highly industrialized economies as well
as top emitting countries (Ohene et al. 2022). Countries such as Ghana (2.41%), Congo (1.2%)
and Sierra Leone (1.2%) emit less carbon emissions due to their development and

industrialisation status.

4.1.3 Years of experience

Respondents have worked in the construction industry for varied years ranging from 0-5 years
(39%), 6-10 years (35%), 11-15 years (14%), 16-20 years (11%) and greater or equal to 21
years (1%) (Figure 4). As a result of the net-zero conceptualisation in project development still
in the infancy stage, it is not surprising that most respondents have less than six years of
knowledge of NZPM. It also indicates that fewer respondents have worked on NZPM for

longer.
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16-20 years 21 years or

11% above
1%
11-15 years 0-5 years
14% 39%
6-10 years
35%

Figure 4. Experiences of respondents (years)

Project Manager’s roles in delivering net-zero carbon building lifecycle

This section presents data analysis results on the key roles of PM in net-zero carbon building

Mean ranking of roles

The level of criticality (importance) of the identified roles of project managers in NZPM. Table
5 presents seventeen (17) key roles out of forty-two (42) roles identified in the analysis (see
Appendix 6). The selection of the 17 roles was undertaken according to the normalisation
method. For a role to be listed in Table 5, it must have a normalised value of 0.5 and beyond.
The conventional mean recorded from the SPSS software ranged from 3.45 to 4.58. This
indicates the high importance accorded to the 17 roles by the respondents. Additionally, the
range of deviations from the mean (standard deviation) was 0.592 (least) to 1.015 (maximum),
which shows not much difference in the responses. Further, the topmost eight (8) roles above
4.0 (very critical) point had mean ranging from 4.08 to highest of 4.58. They include the

following: allocating project resources to manage decarbonisation, integrating zero carbon
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emission management programs in project plans, monitor key indicators and internal controls
on decarbonisation risks and performance, design strategic net-zero policies for projects,
analysis of the environmental impacts of the net-zero projects, ensures that a positive risk
culture is embedded in zero project plans, rollout a roadmap towards net-zero and circular

procurement for materials and implement climate and emission risk mitigation strategies.
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Table 5. Ranking of the roles of PMs in delivering net-zero carbon projects

Std. Normalisation
Roles of PM in delivery net-zero projects N Mean Deviation value Ranking
Allocates adequate resources to managing decarbonisation risk 83 4.58 0.665 1.00 1
Integration of zero carbon emission management program in project plans 83 4.51 0.592 0.97 2
Monitor key indicators and internal controls on decarbonisation risks and performance 83 4.49 0.651 0.96 3
Design strategic net-zero policies for projects 83 4.48 0.739 0.96 4
Analysis of the environmental impacts of the net-zero projects 83 4.47 0.817 0.95 5
Ensures that a positive risk culture is embedded in zero project plans. 83 4.17 0.659 0.82 6
Rollout a roadmap towards net-zero and circular procurement for materials 83 4.13 0.88 0.80 7
Implement climate and emission risk mitigation strategies 83 4.08 0.844 0.78 8
Monitoring of sustainability fitted equipment and appliances in project 83 3.89 0.681 0.69 9
Determination of zero carbon scope levels of the project 83 3.81 0.876 0.66 10
Involve external stakeholders in developing net zero carbon plan for the project 83 3.81 0.818 0.66 11
Define timelines for the implementation of zero carbon programs 83 3.8 0.972 0.65 12
Assess embodied carbon cost in projects 83 3.75 1.01 0.63 13
Determine zero energy building materials suppliers and manufacturers 83 3.73 0.717 0.62 14
Devise and disseminate information about climate change adaptation for the project to
external stakeholders 83 3.7 0.852 0.61 15
Complete drawings, drafts and blueprints inclusive of net-zero issues 83 3.59 0.781 0.56 16
Ensure indoor air quality and lowest carbon emissions 83 3.45 1.015 0.50 17
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Table 6. Factor analysis on the roles of PMs in delivering net zero carbon projects

Factor Variance Cumulative variance
Principal groups (Roles) loadings  FEigenvalues explained explained
Development of net zero carbon project implementation plan and timeline 5.737 33.746 33.746
Involve external stakeholders in developing net zero carbon plan for the project 0.806
Define timelines for the implementation of zero carbon programs 0.763
Monitoring of sustainability fitted equipment and appliances in project 0.755
Allocates adequate resources to managing decarbonisation risk 0.694
Ensure indoor air quality and lowest carbon emissions 0.660
Complete drawings, drafts and blueprints inclusive of net-zero issues 0.600
Devise and disseminate information about climate change adaptation for the project to
external stakeholders 0.523
Integration of zero carbon emission management program in project plans 0.509
Defining net zero carbon project scope levels 3.437 20.22 53.966
Determination of zero carbon scope levels of the project 0.823
Rollout a roadmap towards net-zero and circular procurement for materials 0.814
Ensures that a positive risk culture is embedded in zero project plans. 0.758
Development of net zero carbon risk management strategies 1.521 8.947 62.913
Implement climate and emission risk mitigation strategies 0.813
Design strategic net-zero policies for projects 0.689
Assess embodied carbon cost in projects 0.621
Utilise net-zero carbon construction materials 1.333 7.839 70.751
Determine zero energy building materials suppliers and manufacturers 0.717
Analysis of the environmental impacts of the net-zero projects 0.681
Continuous monitoring of net-zero carbon performance 1.003 5.9 76.651
Monitor key indicators and internal controls on decarbonisation risks and performance 0.918
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4.2.2 Factor Analysis

The interrelationships between the variables were examined with the exploratory factor
analysis (EFA). This analysis was also conducted with the goal of identifying and examining
the interpretable groups and the underlying variables of the group (Watkins 2018). The EFA is
also known for its dimension reduction capacity, which can assemble large variables into the
same group with similar characteristics and variance explained (Osuizugbo et al. 2024). In
scholarly research, EFA has been applied to many works such as Wong and Zapantis (2013),
Alawode and Rajagopalan (2022) and Sajjad et al. (2024). The following tests were conducted
to ascertain the EFA analysis. First, the internal reliability and consistency of the data were
tested with the Cronbach Alpha. The result was 0.843 of the Cronbach Alpha, which is
representative, reliable, consistent and beyond the threshold of 0.7 in conventional literature
(Akomea-Frimpong et al. 2024). The correlation between the variables was found to be more
than 0.4 but less than 0.9, indicating a strong relationship between the variables (Allen et al.
2022). The KMO of 0.8943 and Bartlett’s test of Sphericity measure with the chi-square of
345.34 at 0.0000 significance level confirm the suitability and appropriateness of the EFA
model (Zhao et al. 2018). As shown in Table 6, the extraction of factor groups occurred with
the principal component analysis in the SPSS with the varimax rotation method. This rotation
method is widely used in project management research, and it is orthogonal in simplifying
factor components compared to other rotation matrixes (Azimi et al. 2023). In summary, the
EFA produced five components in Table 6, which passed the eigenvalue of 1.0 threshold
together with a cumulative variance explained of 74.23%. All the factor loadings ranged from
0.5 to 1.0. Even though the conventional threshold is 0.7 and above, studies such as Shrestha
(2021) and Hadi et al. (2016) have argued that factor loadings of 0.5 and beyond are acceptable

in factor analysis.
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4.3 Project Manager Competencies in delivering net-zero carbon buildings

4.3.1 Meanranking of PM competencies

The level of criticality (importance) of the identified competencies of project managers in
delivering net-zero carbon projects is presented in Table 7. Table 7 presents 16 competencies,
five of which are considered critical towards delivering net-zero carbon projects. The five
critical competencies were selected according to the normalisation method. For a competency
to be critical, it must have a normalised value of 0.5 and beyond. The conventional mean
recorded from the SPSS software ranged from 2.99 to 4.58. This indicates the high importance
accorded to all competencies by the respondents. PMs' five most critical competencies to
manage net-zero projects are net-zero carbon and sustainability benefits management, net-zero
procurement management, quality assurance and verification of net-zero transactions, change
management towards climate adaptation and schedule and roadmap management towards net-

Z€10.
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Table 7. Mean ranking on the key competencies of PMs in delivering net-zero carbon projects

S/N Net zero competencies N Mean Std. Deviation Normalisation value Ranking
NZC16 Net zero carbon and sustainability benefits management 83 4.58 0.627 1.00 1
NZC4  Net-zero procurement management 83 4.42 0.646 0.90 2
NZC5  Quality assurance and verification of net-zero transactions 83 4.25 0.678 0.79 3
NZC14 Change management towards climate adaptation 83 4.01 0.819 0.64 4
NZC12 Schedule and roadmap management towards net-zero 83 3.78 1.013 0.50 5
NZC15 Sustainable contract management 83 3.76 0.85 0.48 6
NZC2  Financial budgeting skills to transition to net-zero projects 83 3.69 0.974 0.44 7
NZC6  Personnel and team management 83 3.67 0.813 0.43 8
NZCI11 Integrated climate-friendly project planning 83 3.66 1.074 0.42 9
NZC13 Net-zero transition risk management capabilities 83 3.66 0.859 0.42 10
NZC3  Business case qualities for climate change action 83 3.61 0.73 0.39 11
NZC1  Net-zero oriented leadership and governance qualities 83 3.43 0.952 0.28 12
NZC10 Ethics, compliance, and professionalism 83 3.18 0.885 0.12 13
NZC7  Stakeholder engagement and sustainable communications 83 3.12 1.12 0.08 14
NZC8  Dispute resolution and path to zero carbon targets 83 3.01 1.132 0.01 15
NZC9  Diversity, equity, and inclusion qualities 83 2.99 1.174 0.00 16
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4.4 Development of NZPM maturity model

4.4.1 Background of experts’ forum respondents

As mentioned in Section 3, ten experts agreed to participate in the expert forum to develop the
maturity model for NZPM. Table 8 presents the profile of the ten respondents who participated
in the expert forum. As shown in Table 8, all experts had at least five years of experience in
project management practices. Also, most of the respondents are involved in health /hospital
projects. Other projects include transport and education projects. Regarding the size of the
projects, most respondents have been involved in large projects with a value exceeding AUD
$51 million. The above information about the respondents' background demonstrates that very
experienced practitioners were involved in developing the net-zero project management

maturity model.

4.4.2 Evaluation of Net Zero Project Management Competency Maturity
Characteristics

An expert forum with 10 industry practitioners was conducted to ascertain the validity and
practicality of the competencies, maturity levels, and characteristics. The experts were
requested to indicate whether they agreed or disagreed with the identified maturity levels and
their characteristics for each competency. Table 9 shows the results of the expert forum on
evaluating the maturity levels and their characteristics. As presented in the Table 9¢, most of
the respondents, i.e. nine experts, agreed on the meanings and clarity of the maturity levels and
their characteristics for each competency. Experts who disagreed suggested improving the

wording and meaning of the maturity characteristics.
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Table 8. Profile of experts

Respondent (expert)  Education Size of net PM-oriented works Sector of net
zero/sustainability related  experience zero/sustainability related
project project

EXP 1 PhD Medium ($5 million to $50 21 years or above ICT project
million)

EXP 2 Master’s degree Large ($51 million to $500 16 years Telecommunication projects
million)

EXP 3 PhD Medium ($5 million to $50 5 years School/Education projects
million)

EXP 4 Master’s degree Large ($51 million to $500 10 years All government projects
million)

EXP 5 Master’s degree Small (less than $5 million) 15 years Health/hospital projects

EXP 6 Master’s degree Mega (more than $500 5 years Transportation projects
million)

EXP 7 Master’s degree Large ($51 million to $500 16 years Schools/Education projects

million)
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EXP 8 Master’s degree Large ($51 million to $500 15 years Schools/Education projects;
million) Transportation projects and

mining projects

EXP 9 Master’s degree Small (less than $5 million) 20 years Health/hospital projects
EXP10 Bachelor’s degree Large ($51 million to $500 5 years Health/hospital projects and
million) Schools projects
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Table 9. Responses of Net Zero Project Management maturity levels and their characteristics

Main competency

Sub competencies
(KPAs)/ Elements

Maturity Levels and their Characteristics

Agree (experts)

Disagree
(experts)

Project governance
and planning towards
net zero attainment
competencies

Net-zero oriented
leadership and
governance qualities

Financial budgeting
skills to transition to
net-zero projects

LEVEL 1 - Beginner/knowledge level

Demonstrate basic knowledge about good
leadership and existing governance structures
towards attainment of net-zero carbon emission in
projects.

LEVEL 2 - Competent level

Ability to apply inclusive leadership and
governance skills to accept and tackle the realities
of carbon emissions in projects

LEVEL 3 - Expert level

Conceive and lead the strategic vision and
governance systems towards the attainment of
sustainable and circular least emissions in projects.
LEVEL 1 - Beginner/knowledge level

Demonstrate knowledge about net-zero financial
investment in projects coupled with the
organisation’s financial plan and reporting systems
towards reduction of carbon emissions.

LEVEL 2 - Competent level

Ability to assess the efficacy of budgets to achieve
climate adaption and resilience in projects through
feasibility studies and investment appraisal options
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Business case qualities
for climate change
action

Net-zero procurement
management

LEVEL 3 - Expert level

Capacity to supervise net-zero budget allocations,
implementation and financial risks through
advanced insight and assessment into the expected

cashflow outcomes of the project.
LEVEL 1 - Beginner/knowledge level

Demonstrate basic information and understanding
about the critical nature of climate crisis in
infrastructure projects; the mechanisms to mitigate
it and the stakeholders deeply affected by climate
crisis

LEVEL 2 - Competent level

Ability to analyse and demonstrate climate risk
management skills in infrastructure projects
LEVEL 3 - Expert level

Establish and monitor business cases to align with
net zero goals together with appropriate measures
to adapt the likely consequences of climate change.
Communicate efficient project delivery strategies
to stakeholders on carbon reduction and climate
change.

LEVEL 1 - Beginner/knowledge level

Demonstrate adequate understanding on climate-
friendly supply chain method, project
organization’s approach to net-zero procurements
and circular green supplies.

LEVEL 2 - Competent level
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Quality assurance and
verification of net-zero
transactions

Integrated climate-
friendly project planning

Ability to disseminate the information in low
carbon procurement frameworks; analysis the
progress of net-zero supply chains and make
corrective actions in accordance with procurement
contract agreements

LEVEL 3 - Expert level

Take strategic decisions including social and
environmental issues in procurement contracts.
Able to implement and supervise appropriate
controls on supply chains towards sustainable
procurements in infrastructure projects.
LEVEL 1- Beginner/knowledge level

Obtain appropriate information from valid sources
to inform the lowest-carbon reviews of projects and
get involved with the relevant stakeholders to
adhere to reviews and quality standards to
achieving climate resilient projects

LEVEL 2 - Competent level

Ability to effectively review the resources and
transactions on incorporating net-zero models into
construction activities.

LEVEL 3 - Expert level

Develop, implement, and maintain
recommendations for corrective actions in review
of climate resilience projects with quality measures
at each stage of the project.

Beginner/knowledge level

Demonstrate knowledge of formats for integrated
plans in sustainable infrastructure project.
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Schedule and roadmap
management towards
net-zero

Net zero stakeholder Personnel and team
management management
competencies

Competent level

The ability to apply the definition in detailed
planning to zero carbon projects with continual
assessment of the progress of integrated plan
concerning net-zero targets.

Expert level

Development and integration of strategic integrated
plans for climate action and environmental
conscious projects

Beginner/knowledge level

Demonstrate basic knowledge on net-zero project
schedule management and aware of timelines to
reduce carbon emissions

Competent level

Capacity to apply schedule management techniques
to meet net-zero timeline targets where the duration
estimates and critical dates for each activity and
event are known.

Expert level

Ability to refine a schedule of net-zero project
lifecycle activities and undertake inclusive time-
based planning with an emphasis on activities and
resources. Have the skills to ensure timelines are in
line with Paris climate agreement for zero projects
LEVEL 1 - Beginner/knowledge level

Knowledge of what constitutes a training and
development strategy to transition workers net-zero
project management.
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Stakeholder engagement
and sustainable
communications

Dispute resolution and
path to zero carbon
targets

LEVEL 2 - Competent level

Ability to evaluate and uplift the capabilities of
workers and organizational learning to attain
lowest carbon emissions

LEVEL 3 - Expert level

Meet the balancing demands and improve
individual and team strengths to net-zero levels
together with continuous improvement programs
LEVEL 1 - Beginner/knowledge level

Knows stakeholder interests, requirements, and
levels of communications towards net-zero projects
LEVEL 2 - Competent level

Ability to analysis and report the effectiveness of
stakeholder engagement and communication plans
to support carbon reduction project activities.
LEVEL 3 - Expert level

Set strategic meetings with stakeholders and
disseminate information on net-zero and
sustainable circular project management

LEVEL 1 - Beginner/knowledge level

Knowledge of ways to identify conflict in
sustainable construction activities, land use and
investments in clean energy.

LEVEL 2 - Competent level

Ability to determine the optimal solution to satisfy
aggrieved parties in net-zero project requirements
with comprehensive measures on conflict
resolution.

65

10

10

10

10



Diversity, equity and
inclusion qualities

Ethics, compliance, and
professionalism

Expert level

Implement an effective monitoring and clear
processes to mitigate contract disputes with
pathways to resolve future role and stakeholder
conflicts

Beginner/knowledge level

Knowledge of fair treatment of workers where
leaders seek information about the diversity and
inclusion policies of a project including women
and minorities in project policy framework
Competent level

Capacity to maximize the opportunities presented
by a diverse team and lead them to achieve net-
zero goals. Communicate effectively to diverse
communities to create and sustain an inclusive
workplace

Expert level

Build and maintain long-term inclusive
environment that embraces diverse cultures
towards achieving net zero targets in projects. This
is attained through proactive research into different
kinds of cultures, orientations, and preferences of
workers

Beginner/knowledge level

Act in accordance with basic organizational and
professional information on codes of conduct
towards climate change mitigation policy and net
zero targets

Competent level
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Net zero risk
management
competencies

Net-zero transition risk
management capabilities

Change management
towards climate
adaptation

Ability to analyze the ethic codes necessary for net-
zero project delivery and report the lapses that
compromise professional ethics and conduct in net-
Zero projects

Expert level

Encourage a safe and effective professional
working environment with strong adherence to
professional standards and ethics by implementing
long-term action plan for inclusive workplace
towards sustainable project deliveries and meeting
climate change mitigation plans
Beginner/knowledge level

Demonstrate basic knowledge on the key climate
risks of infrastructure projects

Competent level

Capacity to examine the implications of the climate
risks and respond zero-carbon transition lapses
Expert level

Ability to implement multidimensional risk
management frameworks for managing climate
risks in projects; and monitor progress of climate
risk response for net-zero infrastructure projects
Beginner/knowledge level

Demonstrate basic knowledge in tools and
techniques available to proactively embrace
sustainability project change and have basic
information about all the climate resilient based
options to change.
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Sustainable contract

management
Net zero benefits Net zero carbon and
management sustainability benefits
management

Competent level

Managerial skills on the variations and change
requests in a controlled way and assess the methods
of analysing patterns of change in inclusive project
management.

Expert level

Promote and adhere to sustainable change in
working practices on the infrastructure projects
with continuous improvement in change
management.

Beginner/knowledge level

Demonstrate adequate understanding of contract
exclusions and the primary terms and clauses in
standard forms related to carbon emissions in
project

Competent level

Ability to apply administer contractual agreements
related to net zero targets and climate change
mitigation plans in projects

Expert level

Capacity to drive the project's strategic directions
towards the attainment of the net zero and climate
change contract requirements. Able to monitor and
support optimized net-zero contract dispute
measures

Beginner/knowledge level

Demonstrate adequate understanding on the
identification of net zero and sustainability projects
benefits
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Competent level

Ability to identify, capture and protect net zero 10
carbon and sustainability benefits in projects

Expert level

Capacity to develop and implement net zero carbon 9
and sustainability benefit plan, assess the risks
associated with achieving the benefits and review

the benefit results/outcomes
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4.4.3 Testing of NZPM maturity model using multiple cases
The second step involved in the development of NZPM maturity model is the testing of the model

with experts. This step involves gathering data based on experts' experience and using the data to
determine the NZPM maturity level of the experts. Ten experts who participated in the previous
evaluation process were invited to participate in testing the NZPM maturity model. Only four agreed
to participate in the testing. These experts are EXP1, EXP2, EXP5 and EXP6 (refer to Tale 12). After
receiving the responses of the four experts, the FSE technique was used to determine the maturity
score/index. The potential risks identified to be associated with circulating and collecting data from
the same group of experts was the possibility of having biased results. Also, attaining outcomes which
are not truly independent of the experts and self-reporting (Donaldson and Grant-Vallone 2002). To
overcome these risks, there was the utilisation of indirect and validated questions on the maturity
characteristics from past literature and industry practitioners together with triangulation strategies

(Thurmond 2001).

In this section, the detailed process of using the FSE to determine the index of EXP1 is shown below
as an example. All the other experts' maturity indices followed the same approach. FSE promotes
multiple layers of analysis, which determines objective scores for a range of subjective perspectives
about a phenomenon (Alfaro-Garcia et al. 2020). There are three steps in the FSE towards
determining the critical scores. First is the formation of the weighting function (WF). The WF is
computed for the major NZPM competencies to establish the contributions of each sub-component
to the three major NZPM competencies (Chang et al. 2001). Taking lessons from the studies of
Aghimien et al. (2020) and Ameyaw and Chan (2015), the weightings were calculated with the expert
scores for each sub-competency based on the three maturity levels as shown in Table 10. In this case,
the maximum score is 3 — expert level and the lowest is 1 — beginner as shown in Table 12. An expert

was required to select only one score per sub-competency. For example, for ‘sustainable contract
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management’, an expert can only select one of the applicable maturity levels based on his/her net-

zero project management experience. The formula utilised for the weightings is:

Maturity level score of NZPM competency

WF =
each competency Total maturity level scores of NZPM competencies

71



Table 10. Weightings of sub-competencies and major competencies for the NZPM maturity model (EXP1)

S/N Principal groupings for Competencies Mean scores of Weightings of the Mean score of Weightings of
SCMs SCMs PCMs PCMs

PCM1 Project governance and planning towards net zero 8.000 0.364

attainment competencies

SCM1  Net-zero oriented leadership and governance qualities 2.00 0.250

SCM2 Financial budgeting skills to transition to net-zero projects 1.00 0.125

SCM3  Business case qualities for climate change action 1.00 0.125

SCM4  Net-zero procurement management 1.00 0.125

SCM5  Quality assurance and verification of net-zero transactions 1.00 0.125

SCM11 Integrated climate-friendly project planning 1.00 0.125

SCM12 Schedule and roadmap management towards net-zero 1.00 0.125

PCM2 Net zero stakeholder management competencies 7.000 0.318

SCM6  Personnel and team management 1.00 0.143

SCM7  Stakeholder engagement and sustainable communications 2.00 0.286

SCM8  Dispute resolution and path to zero carbon targets 1.00 0.143

SCM9 Diversity, equity, and inclusion qualities 2.00 0.286

SCM10 Ethics, compliance, and professionalism 1.00 0.143

PCM3 Net zero risk management competencies 7.000 0.318

SCM13 Net-zero transition risk management capabilities 1.00 0.143

SCM14 Change management towards climate adaptation 2.00 0.286

SCM15 Sustainable contract management 2.00 0.286

SCM16 Net zero carbon and sustainability benefits management 2.00 0.286

Total Mean scores 22.000
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The second step in the FSE analysis is the determination of the membership functions (MF).

This was determined from the responses for each sub-competency. For example, EXP1 rated the
sub-competency “Sustainable contract management” as Level 2. This can be translated as MF
(0.00, 1.00, 0.00). The remaining sub-competencies follow the same approach to determine their

MFs in Table 15. To establish the MFs for the major components, this formula was applied:

DMF of a component — WFweightings of a component .Rmembership function of a component

The third step is to determine the MF for the overall maturity level. This will enable the overall
maturity index of the expert to be determined. Using the same equation above, where the @ is the
fuzzy composite operator serving as the multiplying indicator between the weightings and the
membership functions of the individual NZ competencies to obtain the MF of PCMs in Table 11. In
in the same Table 11, the MF for the SCM is the rate of belonging of each of the sub-competencies
to the groups based on the responses from the participants.. After determining the MF for the

principal competencies, the final index was determined using the equation below:

Overall maturity index =

5
ZDXE
i=1

Where, D is the final FSE evaluation matrix for each component and E is the linguistic variables

(e 1,2,3)

The calculation is illustrated in Table 12, and it shows that the overall NZPM maturity score for
EXP1 is 1.545. The overall maturity scores from the FSE technique interpretation are as follows: 0

to 1.4 (Beginner level), 1.5 to 2.4 (Competent level), and 2.4 to 3.00 (Expert level). In this regard,
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EXP1 score, according to maturity, is labelled as the Competent level. This is further shown in

Figure 5.

Table 11. Membership functions of sub-competencies and major competencies.

S/N Principal groupings on SCMs and PCMs Weights MF of SCMs (Level MF of PCMs
3) (Level 2)
PCM1  Project governance and planning towards net (0.750, 0.250,
zero attainment competencies 0.000)
SCM1  Net-zero oriented leadership and governance  0.250 (0.000, 1.000, 0.000)
qualities
SCM2  Financial budgeting skills to transition to net-  0.125 (1.000, 0.000, 0.000)
Zero projects
SCM3  Business case qualities for climate change 0.125 (1.000, 0.000, 0.000)
action
SCM4  Net-zero procurement management 0.125 (1.000, 0.000, 0.000)
SCM5  Quality assurance and verification of net-zero 0.125 (1.000, 0.000, 0.000)
transactions
SCM11 Integrated climate-friendly project planning 0.125 (1.000, 0.000, 0.000)
SCM12 Schedule and roadmap management towards ~ 0.125 (1.000, 0.000, 0.000)
net-zero
PCM2 Net zero stakeholder management (0.429, 0.571,
competencies 0.000)
SCMé6 Personnel and team management 0.143 (1.000, 0.000, 0.000)
SCM7 Stakeholder engagement and sustainable 0.286 (0.000, 1.000, 0.000)
communications
SCMS8  Dispute resolution and path to zero carbon 0.143 (1.000, 0.000, 0.000)
targets
SCM9  Diversity, equity, and inclusion qualities 0.286 (0.000, 1.000, 0.000)
SCM10 Ethics, compliance, and professionalism 0.143 (1.000, 0.000, 0.000)
PCM3  Competent team with committed leadership (0.143, 0.857,
0.000)
SCM13  Net-zero transition risk management 0.143 (1.000, 0.000, 0.000)
capabilities
SCM14 Change management towards climate 0.286 (0.000, 1.000, 0.000)
adaptation
SCM15 Sustainable contract management 0.286 (0.000, 1.000, 0.000)
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SCM16 Net zero carbon and sustainability benefits 0.286 (0.000, 1.000, 0.000)
management

Expert 1

MNET ZERO CARBON PROJECT MANAGEMENT COMPETENCY MATURITY MODEL

Maturity lovels

NET ZERO CARBON PROJECT MANAGEMENT COMPETENCY MATURITY MODEL

LEVEL 3
EXPERT LEVEL

LEVEL 2 Maturity levels
COMPF*
PEVEY .

HEGINMER LEVEL -

Expert 5

NET ZERO CARBON PROJECT MANAGEMENT COMPETENCY MATURITY MODEL

LEVEL 3
EXPERT LEVEL

COMI™=TL" o

LEVEL1
BEGINNER LEVEL

Expert 6

NET ZERO CARBON PROJECT MANAGEMENT COMPETENCY MATURITY MODEL

LEVEL 3
EXFPEPT, 4 LA
LEVEL 2 Maturity levels
COMPETENT

=V

LEVEL1
BEGINNER LEVEL -

Figure 5. NZPM Maturity levels of the four experts
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Using the same FSE technique, the remaining maturity scores were calculated for the remaining
three experts. These experts NZPM maturity scores and diagrams are shown in Figure 5. The

overall scores are shown in Table 12.

Table 12. NZPM maturity scores for EXP2, EXP5 and EXP6

EXP1
0.455 0.545 0.000 | Overall FSE score
1 ) 3 Maturity level
0.094 0.625 0.281 Overall FSE score
EXP2
1 2 3 Maturity level
0.179 0.714 0.107 Overall FSE score
EXP5
1 2 3 Maturity level
0 0.526 0.474 Overall FSE score
EXP6
1 2 3 Maturity level

4.4.4 Validation of maturity scores with expert

After determining each respondent's maturity scores, it was appropriate to receive feedback on the

validity and genuineness of the NZPM maturity scores. In this case, the results were sent to the four
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experts for validation. The experts were asked to rate their level of agreement on a 5-point Likert

scale for four validation questions related to the maturity model and its practicality.

Only three experts replied to the validation questions: EXP2, EXP6, and EXP5. Table 13 shows the
results of the validation process. As presented in the table, all validation questions received a score
above 3.0, signifying the appropriateness and satisfaction of the experts with their maturity scores.
More importantly, it shows that the maturity model accurately determines the maturity levels of

project managers' competencies in delivering net zero projects.

Table 13. Validating the maturity model by the experts

No. Validation Aspects/Questions EXP2 EXP6 EXPS Mean
1 The overall maturity score represents my net 5 4 4 4.33
zero carbon project management competency
level
2 The net zero carbon project management 4 4 3 3.67
maturity questions are comprehensive and
appropriate
3 Are the net zero carbon project management 4 3 3 3.33

maturity questions practically appropriate?

4 The net zero carbon project management 5 4 3 4.00
maturity questions are sufficient to assess
practitioners overall net zero project
management competency
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5.0 Discussions of major findings

Based on the results from the mean ranking and FA, the major roles played by PM in delivering net
zero projects are: development of net zero carbon project implementation plan and timeline, defining
net zero carbon project scope levels, development of net zero carbon risk management strategies,
utilise net-zero carbon construction materials, and continuous monitoring of net-zero carbon

performance.

“Continuous monitoring of net-zero carbon performance” is crucial as it establishes metrics for
tracking energy consumption, waste generation, and carbon emissions throughout the lifecycle of
construction projects. By revising existing internal controls to focus specifically on these net-zero
indicators, we can drive transformative changes in our environmental practices, ultimately enabling

a more sustainable construction industry.

Utilising net-zero carbon construction materials encourages the adoption of procurement procedures
that prioritize carbon-friendly building materials, such as recycled steel, bamboo, and other
sustainable alternatives. Thorough environmental assessments of these materials are vital to minimise
their lifecycle impacts. Moreover, promoting the use of zero-carbon concretes, achieved through
innovative formulations and additives, not only aligns with our net-zero targets but also contributes

to a healthier built environment for our communities.

Development of net zero carbon risk management strategies focuses on implementing and assessing
net-zero strategies related to risk management and climate change. This reinforces the importance of
a comprehensive understanding of emissions from construction activities, including transportation,
equipment operation, and on-site processes. Developing robust risk management strategies within
our project management frameworks will be key to effectively mitigating these challenges while

fostering resilience against climate-related disruptions.
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Defining net-zero carbon project scope levels is critical to successfully delivering net-zero projects.
It involves meticulously assessing our project scope, work breakdown structure, and scheduling to
ensure they align seamlessly with our zero carbon emissions goals. Promoting practices such as
material reuse, recycling, and sustainable sourcing can minimize waste and streamline processes, thus

enhancing overall efficiency.

Developing a net-zero carbon project implementation plan and timeline is critical to delivering net-
zero projects. This component underscores the necessity of stakeholder consultation to gather insights
and foster collaboration in our zero carbon strategies. It sets crucial timelines for implementation and
monitoring, incorporates resource allocation strategies emphasising sustainability, and includes
measures for air pollution assessment. Furthermore, an informative dissemination plan regarding our
net-zero efforts is essential for transparency and community engagement, making it important to
integrate these strategies into our organizational frameworks. Together, these interconnected
components pave the way for a brighter, cleaner future in construction. By embracing these
principles, we are fulfilling regulatory requirements, actively contributing to the fight against climate

change, and moving resolutely toward a more sustainable tomorrow.

The foremost competency required of project managers (PMs) in net-zero project management
(NZPM) is the ability to effectively manage sustainable benefits throughout the lifecycle of net-zero
carbon projects. This involves a sophisticated understanding of identifying and articulating the
expected benefits during the project's planning stage. PMs must ensure that these benefits are not
only quantified but also tracked and realized through measurable targets until the project's
completion, thus demonstrating the project's overall value and success (Afzal and Tumpa 2024). The
second essential competency for PMs within the NZPM paradigm is proficient management of net-
zero procurement. This necessitates the application of strategic and tactical approaches to sourcing
and securing climate-friendly construction materials. PMs must develop comprehensive and well-
structured procurement documents that facilitate sustainable practices, thereby supporting the
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establishment of climate-resilient policies within the construction sector. These documents should
specify the technical requirements for materials and the environmental criteria that suppliers must
meet. Furthermore, PMs should receive extensive training and education focused on project quality
assurance and verification standards. These standards should align with the decarbonization agenda
of the built environment, encompassing guidelines for energy efficiency, waste reduction, and
sustainable resource management. They need to cultivate the skills necessary to navigate and manage
change effectively as a part of climate-adaptation strategies. PMs must be equipped to address and
mitigate any resistance to change that arises within their teams and implement robust conflict
resolution strategies to maintain harmony and productivity within project management organizations
(PMOs) and specific project environments (Backlund et al. 2014). In addition, PMs should possess
proficient contract management and budgeting skills that enable them to regulate financial support
and ensure that contract obligations are met in a timely manner. This includes negotiating favourable
contract terms and monitoring expenditures against the project budget to maintain financial viability.
Managing people and fostering a positive team culture are critical components of PM roles. Given
that people are the foundational element of any construction firm, PMs must demonstrate exemplary
leadership skills to unite diverse teams and drive them towards achieving the objectives of net-zero
projects. This involves motivating team members, addressing their concerns, and fostering an
environment of collaboration. Promoting diversity, inclusion, and a deep sensitivity toward
multicultural environments is vital for creating a safe and supportive climate for net-zero project
delivery. PMs must adeptly manage a complex array of stakeholders, each with unique perspectives
and needs related to net-zero carbon projects, to pre-emptively address and resolve potential conflicts
and opposition during the transition to NZPM. Finally, PMs should champion ethical project
management practices and implement rigorous risk management controls as they plan net-zero

projects. This should be reinforced by well-articulated business case arguments supporting net-zero
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carbon projects' feasibility and desirability (Carbonara et al. 2015). By doing so, they can ensure that

sustainability principles are integrated into every aspect of project delivery.

5 Conclusions

In summary, this study has empirically analysed and established project managers' significant roles
in delivering net zero projects, the net zero project management competencies and further developed
a maturity model for assessing the competencies of project managers. The study adopted mixed
methodologies such as literature review, questionnaire survey and expert forum. The questionnaire
survey was used to ascertain project managers' critical net zero roles and the critical NZPM
competencies. The expert forum with ten experienced practitioners was used to develop a robust
maturity model for NZPM. The outputs of this study will inform practitioners of their roles in
delivering net-zero projects, and more importantly, the maturity model will enable project
management professional organisations to develop competency programs for delivering net-zero
project management. Table 14 provides a summary of the targeted recommendations identifying

how the developed CompMM should be adopted with the Australian construction industry.

Table 14. Recommendations for adoption of the CompMM.

Areas in the adoption process Recommendations

Define the scope and the purpose  -The goal of adopting the CompMM should be clearly
specified. For instance, the aim is to aid the realisation
of net-zero competencies in project management
practices in Australia.
-The defining scope should be the project managers
(or workers) working on Australian construction and
infrastructure projects
-The CompMM should be applied to targeted areas
within the project management organisationsand
teams
-The NZPM maturity model should be utilised to
determine the level of competencies of project
management professionals on the net-zero agenda
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Assessment of the readiness of -Firms within the Australian construction industry
organisations should assess their level of current readiness for
CompMM
-Firms should be able to identify potential barriers in
implementing NZPM’s CompMM
-Where necessary, it is suggested that firms make
changes to their current systems to embrace
CompMM

Detailed adoption implementation --Communication is important to expediate on the
plan necessity of everyone coming on board to implement
CompMM
-It is suggested that project teams and workers should
be trained on CompMM
-Performance benchmarks should be set to assess the
effectiveness and efficiency of the CompMM

Actual implementation -There must be tracking mechanisms to monitor the
suggestions implementation
-Collect feedback and make changes where necessary
from stakeholders
-Implement the CompMM to meet the set objectives

Up to date after implementation -Monitor constant changes in the CompMM model
support measures -Provide adequate regulatory support to teams and the
organisation

-Recognise the successes at every adoption point in
the NZPM’s CompMM application process.

-Firms should invest in research to find innovative
measures to maintain continuous improvement of the
CompMM.
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Appendix 1: Articles on NZPM roles

Serial Article (Year) Serial Article (Year)

Number Number

1 Arueyingho et al. (2023) 13 Lu et al. (2022)

2 Bastidas et al. (2023) 14 Pieterse et al. (2024)

3 Bui et al. (2023) 15 Rahman (2022)

4 Falana et al. (2023) 16 Shen et al. (2022)

5 Moghayedi and Awuzie (2023) 17 Whyte et al. (2022)

6 Moghayedi et al. (2024) 18 Karlsson et al. (2021)

7 Phung et al. (2023) 19 Mavrigiannaki et  al
(2021)

8 Rahman and McCuen (2023) 20 Karlsson et al. (2020)

9 Sandaruwan et al. (2024) 21 Kuittinen and Hikkinen
(2020)

10 Simaitis et al. (2023) 22 Kristjansdottir and Busch
(2019)

11 Too et al. (2023) 23 Maskil-Leitan and
Reychav (2019)

12 Watts et al. (2023) 24 Lietal. (2018)

Appendix 2: Literature supporting NZPM competencies

Serial Article (Year) Serial Article (Year)

Number Number

1 Afzal and Tumpa (2024) 15 Shen et al. (2022)
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10

11

12

13

14

Watts et al. (2023)

Tsimnadis et al. (2023)

Too et al. (2023)

Simaitis et al. (2023)

Sandaruwan et al. (2024)

Roaf and Bros-Williamson (2023)

Rahman and McCuen (2023)

Phung et al. (2023)

Fitriani and Ajayi (2023)

Bui et al. (2023)

Bastidas et al. (2023)

Arueyingho et al. (2023)

Whyte et al. (2022)

16

20

21

23

24

25

26

27

Ramohlokoane et al
(2022)

Rahman (2022)

Poon (2022)

Pieterse et al. (2024)
Mullally et al. (2022)
Green Brzezinski and
Kaftanoglu (2022)
Mavrigiannaki et  al
(2021)

Ekanayaka and Bandara
(2021)

Adebayo et al. (2021)
Maskil-Leitan and
Reychav (2019)
Kristjansdottir and Busch
(2019)

Evans and Karvonen

(2014)
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Appendix 3. Maturity scores from the FSE (Expert 2)

S/N Principal groupings on SCMs and PCMs Weightings MF of SCMs
Project governance and planning towards net zero attainment
PCM1 competencies
SCM1  Net-zero oriented leadership and governance qualities 0.067 (1.000, 0.000
SCM2  Financial budgeting skills to transition to net-zero projects 0.133 (0.000, 1.000
SCM3  Business case qualities for climate change action 0.133 (0.000, 1.000
SCM4  Net-zero procurement management 0.200 (0.000, 0.000
SCMS5  Quality assurance and verification of net-zero transactions 0.200 (0.000, 0.000
SCM11 Integrated climate-friendly project planning 0.133 (0.000, 1.00C
SCM12 Schedule and roadmap management towards net-zero 0.133 (0.000, 1.000
PCM2 Net zero stakeholder management competencies
SCM6  Personnel and team management 0.200 (0.000, 1.00C
SCM7  Stakeholder engagement and sustainable communications 0.200 (0.000, 1.000
SCM8  Dispute resolution and path to zero carbon targets 0.200 (0.000, 1.000
SCM9  Diversity, equity, and inclusion qualities 0.100 (1.000, 0.00C
SCMI10 Ethics, compliance, and professionalism 0.300 (0.000, 0.00C
PCM3 Competent team with committed leadership
SCM13 Net-zero transition risk management capabilities 0.286 (0.000, 1.000
SCM14 Change management towards climate adaptation 0.286 (0.000, 1.00C
SCM15 Sustainable contract management 0.286 (0.000, 1.000
SCM16 Net zero carbon and sustainability benefits management 0.143 (1.000, 0.000

Appendix 4. FSE maturity score for Expert 5
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S/N Principal groupings on SCMs and PCMs Weightings MF of SCMs (Leve
Project governance and planning towards net zero

PCM1 attainment competencies

SCM1  Net-zero oriented leadership and governance qualities 0.091 (1.000, 0.000, 0.000

SCM2  Financial budgeting skills to transition to net-zero projects 0.182 (0.000, 1.000, 0.000

SCM3  Business case qualities for climate change action 0.182 (0.000, 1.000, 0.000

SCM4  Net-zero procurement management 0.091 (1.000, 0.000, 0.000

SCMS5  Quality assurance and verification of net-zero transactions 0.091 (1.000, 0.000, 0.000

SCM6  Integrated climate-friendly project planning 0.182 (0.000, 1.000, 0.000

SCM7  Schedule and roadmap management towards net-zero 0.182 (0.000, 1.000, 0.000

PCM2 Net zero stakeholder management competencies

SCM6  Personnel and team management 0.200 (0.000, 1.000, 0.000

SCM7  Stakeholder engagement and sustainable communications 0.200 (1.000, 0.000, 0.000

SCMS8  Dispute resolution and path to zero carbon targets 0.200 (0.000, 0.000, 1.000

SCM9  Diversity, equity, and inclusion qualities 0.100 (0.000, 1.000, 0.000

SCMI10 Ethics, compliance, and professionalism 0.300 (0.000, 1.000, 0.000

PCM3 Competent team with committed leadership

SCM13 Net-zero transition risk management capabilities 0.286 (0.000, 1.000, 0.000

SCM14 Change management towards climate adaptation 0.286 (0.000, 1.000, 0.000

SCMI15 Sustainable contract management 0.286 (0.000, 1.000, 0.000

SCM16 Net zero carbon and sustainability benefits management 0.143 (1.000, 0.000, 0.000

Appendix 5: FSE maturity score for Expert 6

S/N Principal groupings on SCMs and PCMs Weightings MF of SCMs (Leve
Project governance and planning towards net zero

PCM1 attainment competencies
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SCM1  Net-zero oriented leadership and governance qualities 0.167 (0.000, 0.000, 1.000
SCM2  Financial budgeting skills to transition to net-zero projects 0.111 (0.000, 1.000, 0.000
SCM3  Business case qualities for climate change action 0.111 (0.000, 1.000, 0.000
SCM4  Net-zero procurement management 0.167 (0.000, 0.000, 1.000
SCMS5  Quality assurance and verification of net-zero transactions 0.111 (0.000, 1.000, 0.000
SCM11 Integrated climate-friendly project planning 0.167 (0.000, 0.000, 1.000
SCM12 Schedule and roadmap management towards net-zero 0.167 (0.000, 0.000, 1.000
PCM2 Net zero stakeholder management competencies

SCM6  Personnel and team management 0.167 (0.000, 1.000, 0.000
SCM7  Stakeholder engagement and sustainable communications 0.250 (0.000, 0.000, 1.000
SCMS8  Dispute resolution and path to zero carbon targets 0.250 (0.000, 0.000, 1.000
SCM9  Diversity, equity, and inclusion qualities 0.167 (0.000, 1.000, 0.000
SCMI10 Ethics, compliance, and professionalism 0.167 (0.000, 1.000, 0.000
PCM3 Competent team with committed leadership

SCM13 Net-zero transition risk management capabilities 0.250 (0.000, 1.000, 0.000
SCM14 Change management towards climate adaptation 0.250 (0.000, 1.000, 0.000
SCMI15 Sustainable contract management 0.250 (0.000, 1.000, 0.000
SCM16 Net zero carbon and sustainability benefits management 0.250 (0.000, 1.000, 0.000
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