E-ISSN: 2959-6505
Volume 3, Issue 3, 2025
Page No: 08-14
AAJSR Website: https://aajsr.com/index.php/aajsr/index ‘
SJIFactor 2024: 5.028 ISI 2024: 0.580 0.51 :2023 (AIF) 2l 580l Jalaa

Afro-Asian Journal of Scientific Research (AAJSR)
5 alall Canll 4 gaud 5 531 Al

The Role of Engineering Project Management in Promoting
Cleaner Production and Reducing Carbon Footprint: An
Analytical Study Amid Contemporary Climate Challenges

Rgaia Abulgam'*, Reemah M. A. Sallam?
L2 Department of Environmental Engineering, Faculty of Engineering, Sabratha
University, Sabratha Libya

Al 1A 59 <) Aaa) Sl g AR ZLY) G jad B L) ao jldal) 3 03) g0
8 palaall Flial) cijant JB b duldas

Zodl dilne desa Aoy ‘*1613.3‘5%‘ SUBUEED
Ll ‘:G\):ua c:ﬁi\):ua Aaala cduaigl) A ddnnul) gl ?“52‘1

*Corresponding author: rgaia.abulgam@sabu.edu.ly

Received: May 15,2025 |  Accepted: June 26, 2025 | Published: July 04, 2025

Abstract:

Amid escalating environmental and climate challenges, integrating cleaner production practices and
reducing carbon footprint within engineering project management has become imperative. This
analytical study examines how engineering project management promotes environmental sustainability
through cleaner production techniques and emission reduction. Findings reveal that effective project
management incorporates environmental standards in planning, utilizes energy-efficient technologies,
and emphasizes staff training on sustainability. Despite barriers such as technical skill gaps, high initial
costs, and regulatory hurdles, strategies including renewable energy adoption, digital project
management tools, and green procurement significantly enhance sustainability outcomes. The study
underscores the need for enhanced training, improved regulatory frameworks, and digital innovation to
bolster sustainable engineering project success.

Keywords: Engineering project management, Cleaner Production, Carbon Footprint Reduction,
Sustainability, Environmental Challenges, Management Strategies.
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Introduction

In the face of escalating climate change challenges, industries worldwide are under increasing
pressure to adopt sustainable practices that minimize environmental impact while maintaining
operational efficiency [1,2]. Engineering project management stands at the forefront of this
transformation, playing a critical role in integrating cleaner production techniques and strategies aimed
at reducing the carbon footprint of industrial processes [3,4]. Cleaner production involves the continuous
application of preventive environmental strategies to processes, products, and services, thereby
reducing pollution at its source and optimizing resource use [5]. However, implementing these
approaches within complex engineering projects requires meticulous planning, coordination, and
innovative problem-solving to overcome technical, economic, and regulatory obstacles [6,7].

This study explores how effective project management in engineering can drive the adoption of
environmentally responsible practices, ensuring that sustainability goals align with project objectives
and stakeholder expectations [8]. By emphasizing cleaner production methods, engineering projects
can not only mitigate their adverse environmental effects but also achieve cost savings, enhance
compliance with environmental regulations, and improve corporate social responsibility profiles [9,10].
Furthermore, the reduction of the carbon footprint, a key metric reflecting the total greenhouse gas
emissions generated, has become a central objective for projects seeking long-term viability in a rapidly
evolving regulatory landscape [11].

Given the complexity of modern engineering projects and the pressing urgency to address climate-
related concerns, this analytical study aims to identify the mechanisms through which project
management practices contribute to cleaner production and carbon footprint reduction. It highlights
current challenges and proposes strategic frameworks to embed sustainability at every phase of project
execution. The findings are expected to provide valuable insights for engineers, project managers,
policymakers, and organizations striving to balance industrial development with environmental
stewardship in the era of climate change [12,1].

In recent years, the field of engineering project management has experienced a notable shift toward
integrating sustainability principles and reducing environmental impacts, in response to escalating
climate challenges. Numerous studies have highlighted the pivotal role of cleaner production practices
and carbon footprint reduction within engineering project frameworks.

For instance, one study emphasized that implementing green project management tools

significantly enhances environmental performance and reduces industrial waste [13]. Similarly, major
barriers to adopting sustainable strategies, such as lack of institutional support and awareness, have
been identified [14], findings that align with others who underscore the need for stakeholder
engagement and interdisciplinary collaboration to achieve environmental objectives [15].
In addition, lean management techniques have been shown to contribute to resource efficiency and
emission reductions [16]. This is further supported by studies demonstrating the role of digital
technologies, such as Building Information Modeling (BIM), in minimizing energy consumption and
carbon emissions during project execution phases [17].

On the subject of environmental risk management, several works stress the importance of
embedding environmental risk considerations throughout the project lifecycle to proactively mitigate
potential harms [18,19]. In this regard, it has been recommended that contemporary project
management frameworks incorporate sustainability indicators alongside traditional parameters like
cost, time, and scope [20].

Moreover, international guidelines have been issued for embedding sustainability standards into
project governance structures. Complementing this, a comparative study revealed regional disparities
in the adoption of cleaner production practices across engineering projects, largely influenced by
regulatory systems and cultural contexts. Overall, the literature points to a growing consensus on the
necessity of adapting project management methodologies to meet modern climate imperatives. At the
same time, persistent challenges remain, particularly those related to knowledge gaps, stakeholder
alignment, and technological integration, which must be addressed to realize the full potential of
sustainable engineering practices [8].

Problem of Statement

Despite growing awareness of environmental issues and the urgent need to reduce carbon
emissions, many engineering projects continue to face significant challenges in effectively integrating
cleaner production practices and minimizing their carbon footprint. The complexity of engineering
projects, coupled with technical, financial, and regulatory constraints, often limits the ability of project
managers to implement sustainable solutions comprehensively. This raises critical questions about how
engineering project management can better align project objectives with environmental sustainability
goals.
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The core problem addressed in this study is: How can engineering project management contribute
more effectively to promoting cleaner production and reducing the carbon footprint amid
contemporary climate challenges?
Objectives

This study examines the role of engineering project management in advancing cleaner production
and reducing carbon footprints. It identifies key challenges in integrating sustainability, explores
effective strategies, and assesses the impact of cleaner production on project cost, time, and quality.
The study also provides practical recommendations for project managers, organizations, and
policymakers to enhance sustainable engineering practices amid current climate challenges.
Material and methods
Research Design

This study employs a mixed-methods research design, combining qualitative and quantitative
approaches to comprehensively analyze how engineering project management practices contribute to
cleaner production and carbon footprint reduction under contemporary climate challenges. The design
facilitates triangulation of data from various sources, enabling a holistic understanding of the research
problem.
Survey Questionnaire

A structured survey was designed and distributed to engineering project managers across multiple
industries (construction, manufacturing, energy, and infrastructure) to collect quantitative data on the
adoption of sustainable project management tools, barriers, and perceived impacts on carbon footprint
reduction. The questionnaire included Likert-scale items and open-ended questions and was validated
through a pilot test involving 15 respondents. The final survey was administered online using Qualtrics
software, targeting at least 150 completed responses.
Semi-Structured Interviews

To gain deeper insights, semi-structured interviews were conducted with 20 experts in engineering
project management, sustainability consultants, and environmental policy makers. Interviews focused
on practical challenges, success stories, and future trends in integrating sustainability into project
workflows. Interviews were recorded, transcribed verbatim, and subjected to thematic analysis.
Sampling Strategy

Participants for the survey and interviews were selected using purposive and snowball sampling
techniques to ensure representation of experienced professionals with relevant knowledge in
sustainable project management.
Data Analysis

The study employed a mixed-methods approach. Quantitative data from surveys were analyzed
using SPSS (version 27), where descriptive statistics summarized participant profiles and responses,
while inferential analyses such as correlation and regression explored the relationship between
management practices and carbon footprint outcomes. Scale reliability was evaluated using Cronbach’s
alpha. Qualitative data from interviews were processed using NVivo (version 12), with a thematic coding
framework developed and refined iteratively to identify key themes related to barriers, facilitators, and
impact metrics, thereby enriching and supporting the quantitative results.
Case Study Analysis

As part of the methodological framework, two engineering projects that incorporated cleaner
production principles were selected as case studies. Project documentation, environmental
performance reports, and interviews with project teams were reviewed to understand practical
applications and outcomes. The cases represent projects from the renewable energy sector and
sustainable infrastructure development.
Ethical Considerations

The study adhered to standard ethical guidelines for research involving human subjects. Ethical
approval was obtained from the Institutional Review Board (IRB) at engineering project. All participants
were informed of the purpose of the study and participated voluntarily. Informed consent was obtained
electronically before participation, ensuring confidentiality and anonymity of responses. No personally
identifiable information was collected, and data was stored securely with restricted access. The study
complied with the Declaration of Helsinki and applicable national ethical research standards
Limitation

The study acknowledges potential limitations including sample size constraints, potential response
biases in self-reported data, and the challenge of generalizing findings across diverse engineering
sectors and geographic contexts.
Results and Discussions

The study reveals significant insights into the role of engineering project management in promoting
cleaner production and reducing carbon footprints across various Libyan industries. A total of 150
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participants from sectors including construction, manufacturing, energy, and infrastructure completed
the questionnaire.
Participant Experience and Sectoral Representation

Participants reported varying levels of experience in project management. A substantial number had
over 10 years of experience, particularly those working in the energy and manufacturing sectors.
Another notable portion of respondents reported 6 to 10 years of experience, while a smaller group,
primarily from the infrastructure sector, had less than 2 years of experience.

The study encompassed a diverse range of industrial sectors. The majority of participants were from
the energy sector (40%), followed closely by the manufacturing sector (39%). The infrastructure and
construction sectors accounted for 11% and 10%, respectively as shown in Figure 1. This distribution
highlights the broad relevance and growing application of sustainable practices across key industries
in Libya.

10% Construction Sectar

11% Infrastructure Sec
40% Energy Sactor

38% Manufaciuring Sector

Figure 1: Distribution of Respondents by Sector.
This diversity indicates a wide-ranging applicability of sustainable practices across sectors in Libya.

Organizational Size

The participating organizations varied in size. Small enterprises, defined as those with 1 to 50
employees, accounted for 20% of the participants. Medium-sized enterprises, with 51 to 250
employees, represented the largest proportion at 44%. Large enterprises, having more than 251
employees, made up 36%. This distribution indicates that the majority of participating organizations are
medium-sized, suggesting a strong foundation for scalable project sustainability initiatives as presented
in Figure (2).

20% Small Enterprises

35% Large Enterpris

44% Medium-sized Enterprises

Figure 2: Distribution of Participating Organizations by Size.

Sustainable Project Management Practices

Respondents evaluated the extent to which their institutions implement sustainable project
management (SPM) practices. The most commonly reported practices were the integration of
environmental standards into project planning, the use of energy-efficient materials and technologies,
and providing sustainability training for project staff. Additionally, many organizations involved
stakeholders in environmental performance and monitored and reported carbon emissions. The
application of life cycle assessment (LCA) in project evaluation was also noted, though less frequently
as illustrated in Figure 3. While most organizations demonstrated efforts in planning and material usage,
fewer had adopted advanced tools such as LCA or carbon footprint monitoring, highlighting areas with
potential for further development.
Barriers to Cleaner Production

Participants identified several barriers limiting the adoption of cleaner production and carbon
reduction practices. The predominance of political and regulatory challenges reflects broader systemic
issues hindering environmental progress in engineering project delivery.
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71%

58%

49%

Integrating Training of Stakeholder LCA integration
environmental project staff engagement )
Integrating life cycle
standards

assessment into project

Training staff on Engaging stakeholders evaluation

sustainability practices on environmental

Incorporating Utilizing energy-efficient Monitoring and performance

environmental technologies and reporting carbon
standards in planning materials emissions

Figure 3. Levels of Adoption of Sustainable Project Management Practices Among Engineering
Institutions.
Perceived Impact and Effectiveness

Most respondents recognized that project management plays a crucial role in promoting
environmental sustainability. They expressed the belief that effective project management can
significantly reduce environmental impacts. Additionally, cleaner production practices were seen to
enhance efficiency while lowering costs. There was also a clear trend toward prioritizing environmental
sustainability as a key objective within project goals. These insights emphasize the importance of
integrating sustainability principles into core project planning and decision-making processes.
Successful Strategies

Participants highlighted several effective strategies for reducing carbon emissions within their
projects. These included shifting to renewable energy sources [21-30] during project design and
implementation, utilizing digital project management systems to minimize material waste, establishing
dedicated carbon monitoring teams, and adopting green procurement policies [31-40]. Such strategies
showcase practical and scalable approaches that can be applied to enhance sustainability across
engineering projects in Libya.

The diversity in project managers’ experience and organizational size reflects the heterogeneous
nature of the Libyan industrial context, similar to observations in African infrastructural sectors, where
resource availability and expertise vary widely. This heterogeneity influences the adoption rate of
sustainable practices, as seen in the limited implementation of advanced tools like Life Cycle
Assessment (LCA), which echoes findings from recent international reports emphasizing the need for
capacity building in emerging economies.

Barriers such as technical expertise shortages and regulatory constraints are frequently cited in the
literature. Our results corroborate earlier analyses of administrative and political hurdles that impede
sustainable innovation in engineering fields. Clearly, the emphasis on political and regulatory
challenges is consistent with international human rights and environmental governance reports, which
stress instability’s negative impact on institutional development and environmental policy
implementation.

The perceived effectiveness of project management in promoting environmental goals supports
previous arguments on the pivotal role of governance structures in achieving sustainability objectives.
The prioritization of sustainability in project goals also resonates with the evolving concepts of national
sovereignty and responsibility, where environmental considerations become integral to project decision-
making.

Successful strategies identified, such as renewable energy integration and green procurement, align
with global best practices noted in recent studies on technology and stakeholder engagement. These
findings underscore the importance of innovation, cross-sector collaboration, and governance
mechanisms. Overall, the study results underscore the need for comprehensive training, enhanced
regulatory frameworks, and adoption of digital tools, consistent with international recommendations, to
strengthen engineering project management’s contribution to cleaner production and carbon footprint
reduction.
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Conclusion

This study confirms that engineering project management plays a pivotal role in advancing cleaner
production and reducing the carbon footprint in various industrial sectors. While challenges such as
technical expertise shortages and regulatory constraints persist, the adoption of sustainable practices
within project management frameworks can yield significant environmental and economic benefits.
Effective integration of sustainability principles requires strategic planning, stakeholder engagement,
and the use of innovative technologies. Strengthening organizational capacity and policy support will
further enable engineering projects to contribute meaningfully to global climate goals.
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