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A SWOT analysis of stakeholder perspectives on the strategic application of 
economic sustainability indicators in Ghana’s road infrastructure development

George Okyere Dokyia, Kwame Kwakwa Oseib, John Tookeya, and Funmilayo Ebun Rotimia 

aSchool of Future Environments, Auckland University of Technology, Auckland, New Zealand; bDepartment of Engineering and Technology, 
Kumasi Technical University, Ghana 

ABSTRACT 
This study explores the economic criterion indicators for sustainable road and highway infrastruc
ture development in Ghana through a phenomenological research approach. Using SWOT analysis 
and semi-structured interviews with 14 key stakeholders, including government officials, academ
ics, and private sector professionals, the research examines four critical economic indicators: 
material costs, lifecycle costs, construction time, and maintenance and operation costs Through 
content analysis using ATLAS.ti 9 software, the study evaluates internal strengths and weaknesses, 
as well as external opportunities and threats affecting each indicator’s implementation. The find
ings reveal multifaceted challenges including insufficient expertise in lifecycle cost analysis, inad
equate maintenance funding, weak regulatory enforcement, and political interference. The study 
identifies strategic action plans for each indicator, including local material sourcing, improved pro
curement practices, capacity building initiatives, enhanced stakeholder collaboration, and techno
logical integration. These recommendations are supported by specific deliverables and expert 
remarks that provide practical implementation guidance. This research contributes to sustainable 
infrastructure development theory and practice by providing a comprehensive framework for eco
nomic sustainability in Ghana’s road and highway sector. While the study’s geographical focus 
may limit generalisability, it offers valuable insights for policymakers and practitioners in develop
ing countries facing similar challenges. The findings suggest that the successful implementation of 
economic sustainability indicators requires a coordinated approach combining technical expertise, 
policy reform, and stakeholder engagement, while considering local contextual factors.
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1. Introduction

The sustainable development of road and highway infra
structure is paramount to the socioeconomic progress of any 
nation. Roads and transportation projects have been linked 
to the creation of jobs, promotion of the local economy, and 
raising the living standards of the local communities 
(Mahmood et al., 2022). In Ghana, the need for robust and 
sustainable infrastructure is particularly pressing, given the 
country’s rapid urbanization and economic growth 
(Akomea-Frimpong et al., 2023). However, Ghana faces sig
nificant economic challenges in its infrastructure sector, 
including limited funding mechanisms, cost overruns, inad
equate maintenance budgets, and inefficient resource alloca
tion (Asiedu & Adaku, 2019), which collectively threaten the 
sustainability of road development projects. Sustainable 
infrastructure development not only addresses immediate 
transportation needs but also ensures long-term economic 
viability, environmental protection, and social equity. This 
research focuses on exploring the economic criteria indica
tors that influence sustainable road and highway infrastruc
ture development in Ghana. Economic sustainability in 

infrastructure projects involves a careful balance of various 
cost-related factors that collectively determine the overall 
financial feasibility and efficiency of such projects. Key eco
nomic indicators such as lifecycle costs, maintenance and 
operation costs, material costs, and construction time play 
crucial roles in shaping the sustainability outcomes of infra
structure development (Dokyi et al., 2024).

Understanding these indicators within the specific context 
of Ghana is essential for formulating effective strategies and 
policies that promote sustainable practices in the construc
tion and management of road infrastructure. This is particu
larly crucial given Ghana’s economic constraints, where 
infrastructure projects often face challenges such as limited 
public funding, high borrowing costs, currency fluctuations, 
and inflation pressures that impact project viability 
(Akomea-Frimpong et al., 2024). Lifecycle costs encompass 
the total expenses incurred throughout the lifespan of a road 
project, including initial construction, maintenance, oper
ation, and end-of-life disposal costs. Proper management of 
these costs ensures that infrastructure remains economically 
viable throughout its entire lifecycle (Altaf et al., 2023). 
Maintenance and operation costs are critical for sustaining 
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the functionality and safety of roads, whereas material costs 
directly impact the initial investment and long-term durabil
ity of the infrastructure (Dai & Solangi, 2023). Additionally, 
construction time affects the economic efficiency of projects, 
as delays can lead to significant cost overruns and resource 
waste (Purushothaman et al., 2024).

Despite the importance of these economic criteria, there is 
a paucity of localized research addressing how they specifically 
impact sustainable road infrastructure in Ghana. Specifically, 
there is a lack of empirical studies that holistically explore the 
integration of economic indicators, including the reduction in 
life cycle costs, material costs, construction time, and main
tenance costs, into sustainable highway infrastructure devel
opment in developing countries. Most of the existing studies 
often focus on developed countries, thereby overlooking the 
unique economic, social, and environmental contexts of 
developing nations (Goh et al., 2020). This research aims to 
fill the aforementioned gap by undertaking a comprehensive 
exploration of the economic indicators that shape sustainable 
infrastructure development, taking into account, their specific 
strengths and weaknesses, as well as the opportunities and 
threats present in Ghana’s road and highway sector. Through 
this investigation, the study aims to develop recommendations 
for integrating economic sustainability considerations into 
road and highway infrastructure projects in Ghana. By 
addressing these objectives, this research contributes to the 
growing body of knowledge on sustainable infrastructure 
development in developing countries while providing prac
tical insights for policymakers, project managers, and other 
stakeholders in Ghana’s road and highway sector.

2. Literature review

The sustainable development of road and highway infra
structure encompasses various complex aspects, including 
economic, environmental, and social factors. Economic crite
ria, in particular, play a critical role in determining the feasi
bility and longevity of infrastructure projects. This literature 
review explores the economic criterion indicators that influ
ence sustainable road and highway infrastructure develop
ment, focusing on lifecycle costs, maintenance and operation 
costs, material costs, and construction time. The theoretical 
framework guiding this study is grounded in the principles 
of sustainable development and economic analysis within 
the context of infrastructure projects. This framework pro
vides a structured lens through which the economic criteria 
indicators influencing sustainable road and highway infra
structure development in Ghana are examined. By integrat
ing theories of lifecycle cost analysis, sustainability, and 
project management, this study aims to offer a comprehen
sive understanding of how these economic indicators can be 
optimised to promote long-term viability and sustainability.

2.1. Sustainable development theory

Sustainable development theory, as articulated by Brundtland 
(1987), emphasizes the need to meet present needs without 
compromising the ability of future generations to meet their 

own needs. This theory highlights the importance of balanc
ing the economic, environmental, and social dimensions of 
development. In the context of road and highway infrastruc
ture, sustainable development theory provides a foundation 
for understanding how economic indicators such as lifecycle 
costs, maintenance and operation costs, material costs, and 
construction time contribute to sustainable outcomes.

Recent studies have increasingly emphasized the impor
tance of economic sustainability in road and highway infra
structure development, particularly in developing countries. 
The concept of sustainable infrastructure has evolved to 
encompass not only environmental considerations but also 
economic and social dimensions (Opoku, 2019). This holis
tic approach aligns with the United Nations’ Sustainable 
Development Goals, specifically Goal 9, which aims to build 
resilient infrastructure, promote inclusive and sustainable 
industrialisation, and foster innovation (United Nations, 
2015). In the context of road infrastructure, economic sus
tainability involves optimising costs throughout the project 
lifecycle while ensuring long-term viability and societal ben
efits. Patel and Ruparathna (2023) propose a comprehensive 
framework for assessing the sustainability of transportation 
infrastructure projects, highlighting the need for integrated 
evaluation methods that consider economic factors alongside 
environmental and social impacts. Their study highlights the 
importance of life cycle cost analysis (LCCA) as a crucial 
tool for economic sustainability assessment. Material costs, a 
significant component of infrastructure projects, have been 
the subject of recent research focusing on sustainable practi
ces. Yaro et al. (2023) investigated the potential of recycled 
materials in road construction, demonstrating both cost sav
ings and environmental benefits. Their findings suggest that 
the use of recycled materials can reduce material costs by up 
to 30% while maintaining performance standards, offering a 
promising avenue for economic sustainability in developing 
countries. Construction time, another critical economic indi
cator, has been examined in relation to project efficiency 
and cost optimisation. Alaloul et al. (2020) explored the 
application of lean construction principles in infrastructure 
projects and reported that these methods can significantly 
reduce construction time and associated costs. Their study 
in Malaysia, a developing country similar to Ghana, provides 
insights into potential strategies for improving construction 
efficiency. The importance of maintenance and operation 
costs in the long-term economic sustainability of road infra
structure is highlighted by Mahmood et al. (2024). Their 
research emphasized the need for proactive maintenance 
strategies to reduce lifecycle costs and extend the infrastruc
ture lifespan. They argued that inadequate maintenance 
funding in developing countries often leads to premature 
deterioration of roads, resulting in higher long-term costs.

Recent advancements in technology have also influenced 
economic sustainability practices in infrastructure develop
ment. (Waqar et al., 2023) explore the potential of building 
information modeling (BIM) in optimizing the lifecycle costs 
of infrastructure projects. Their findings suggest that BIM 
can improve cost estimation accuracy and facilitate better 
decision-making throughout the project lifecycle. In the 
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African context, Ametepey et al. (2023) examined the chal
lenges and opportunities in sustainable road infrastructure 
development in Ghana. Their study identified funding con
straints, inadequate planning, and poor maintenance practi
ces as key barriers to economic sustainability. They 
emphasize the need for context-specific solutions that con
sider local economic conditions and resource availability.

2.2. Conceptual framework

Elkington’s (1997) Triple Bottom Line theory has been 
applied across a wide range of sectors concerning sustain
ability issues. It is a framework that assesses the sustainabil
ity goals and outcomes of organisations from three 
perspectives: economic, environmental, social (Correia, 
2019). These three dimensions interact with each other to in 
achieving sustainable development. Sustainable construction 
must ensure the delivery of environmental, social and eco
nomic sustainability in a balanced and optimal manner, 
without one pillar dominating any others (Goh et al., 2020). 
However, a critical evaluation of existing sustainability 
assessment frameworks in construction industry by 
Srivastava et al. (2021) reveals that economic sustainability is 
rarely evaluated. It is not surprising that several studies (e.g. 
Asiedu & Adaku, 2019; Ametepey et al., 2023; G�omez- 
Cabrera et al., 2024) highlight cost overruns as a key chal
lenge in infrastructure projects, underscoring the need for 
improved incorporation of economic sustainability elements 
into the highway industry. The accurate evaluation of all 
cost components is important for making correct decisions 
on economic efficiency.

Economic sustainability in the construction industry rep
resents an assessment of the long-term impact on economic 
activity (Alaloul et al., 2022; Spangenberg, 2005), involving a 
cyclical process that considers both input and output factors 
(Mandi�c�ak et al., 2024). Economic sustainability in highway 
infrastructure development can be understood through its 
contribution to long-term value creation, cost efficiency, and 
economic resilience, free of social and environmental prob
lems (Ogunmakinde et al., 2022; Mandi�c�ak et al., 2024). The 
proposed framework for this study builds on the Triple 
Bottom Line by emphasizing economic sustainability, while 
incorporating a stronger focus on reduction in lifecycle 

costs, construction time, maintenance and operation costs, 
and material costs.

Figure 1 depicts the conceptual framework representing 
the relationships between the economic indicators and sus
tainable infrastructure development. This framework can be 
visualized as an interconnected system with reduction in 
lifecycle costs, construction time, maintenance and operation 
costs, and material costs as the pillars supporting economic 
sustainability in highway infrastructural development.

Life cycle cost of a highway project refers to the total 
cost of a project over its entire lifespan from the initial plan
ning phase through to construction phase and to the 
rehabilitation phase or end life to enhance serviceability. 
This indicator is key to sustainable construction and has 
therefore received the attention of several researchers in the 
construction industry including Vega et al. (2022), Huang 
et al. (2021), Moins et al. (2020), and Heidari et al. (2020). 
Further, the difficulties in meeting scheduled completion 
time of projects have been a global problem (Rivera et al., 
2020; Viles et al., 2020; Durdyev & Hosseini, 2019). In 
Ghana, 70% of projects have been reported to experience 
delays (Frimpong et al., 2003). The delays create severe dis
satisfaction among road users, similar to the findings by 
Mahmood et al. (2020). This is an indication of the need for 
developing strategies to meet road project schedules and 
consequently reduce its negative impact on road users. 
Moreover, effective maintenance and operation practices 
extend the life of the highway infrastructure and provide a 
reliable roadway network but require financial resources and 
commitment. Studies including Ries et al. (2006), Dobi�a�s 
and Macek (2014), and Jones and Sharp (2007) have high
lighted reduction of maintenance and operation cost as an 
essential indicator for economic sustainability of infrastruc
ture projects. Materials make up a major cost component in 
any construction project, covering 50% or more of the total 
cost (Patil & Pataskar, 2013). Fluctuations in material prices 
especially have a significant effect on the life cycle cost ana
lysis (Moins et al., 2020; Yu et al., 2015). It is therefore 
important for proper management of materials and its asso
ciated costs in highway construction (Adams et al., 2017).

While there is a growing body of research on sustainable 
infrastructure, significant gaps remain, especially regarding 
the economic criteria in developing countries such as 
Ghana. Existing studies frequently focus on developed 

Figure 1. Conceptual framework diagram.
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nations, overlooking the unique challenges and opportunities 
presented by different economic environments. Existing lit
erature has demonstrated the importance of economic crite
ria in sustainable road and highway infrastructure 
development, identifying critical gaps in areas such as life
cycle costs, maintenance and operation costs, material costs, 
and construction time. Addressing these gaps through local
ised, empirical studies will enhance our understanding of 
economic sustainability in Ghana’s infrastructure develop
ment, provide valuable insights for policymakers and practi
tioners, and contribute to more effective decision-making 
and policy formulation.

2.3. Overview of selected indicators of economic 
sustainability of highway development

2.3.1. Lifecycle costs
Lifecycle costs are a key economic indicator for the con
struction of sustainable highway infrastructure in developing 
countries like Ghana. According to a study by Rodr�ıguez- 
Fern�andez et al. (2020), lifecycle cost analysis (LCCA) offers 
a detailed assessment of the overall expenditure linked to 
infrastructure projects over their entire lifespan, including 
initial construction, maintenance and operation, as well as 
end-of-life disposal. This approach helps decision-makers 
evaluate the long-term financial viability of highway projects 
within a sustainability framework. The significance of LCCA 
is particularly evident in Ghana’s context. Research estimates 
that Ghana could face cumulative costs of $473 million 
(2020–2100) for maintaining and repairing existing roads 
due to climate-related damages (Twerefou et al., 2015). The 
adaptation of design and construction methods for new road 
infrastructure could increase this cost to $678.47 million, 
highlighting the critical tradeoff between initial investment 
and long-term sustainability (Twerefou et al., 2015).

While LCCA is widely recognised as an essential tool, its 
application in developing countries faces several challenges 
including lack of required data. The integration of sustain
ability considerations adds complexity to project evaluation, 
and existing studies have not provided detailed guidance on 
identifying and managing sustainability-related costs in 
highway infrastructure (Goh & Yang, 2014). Furthermore, 
there is a lack of consensus on methodologies to guarantee 
sustainability assessment during the pavement lifecycle 
(Babashamsi et al., 2016). Research in Ghana reveals that 
while lifecycle cost is crucial, it operates within a broader 
sustainability framework. A study on urban green drainage 
infrastructure found that although ‘Initial Construction 
Cost’ ranked among the top five sustainability indicators, 
factors such as flood control and compliance with sustain
able development goals received higher priority (Owusu- 
Manu et al., 2023). This suggests the need for a holistic 
approach that balances economic considerations with envi
ronmental and social factors.

To ensure infrastructure projects feasibility and sustain
ability goals, further research and standardisation of meth
odologies are required for the effective implementation of 
LCCA in developing countries (Acai & Amadi-Echendu, 

2018; Babashamsi et al., 2016). With the aid of this balanced 
approach, policymakers and stakeholders can make well- 
informed decisions that increase resource allocation while 
maintaining long-term sustainability in infrastructure 
development.

2.3.2. Maintenance and operation costs
For the development of sustainable road and highway infra
structure in developing countries like Ghana, maintenance 
and operation costs are a key economic indicator. During 
the entirety of road infrastructure service life, maintenance 
and operation costs have a substantial impact on the long- 
term viability and performance. Research demonstrates that 
effective maintenance strategies can prolong the lifespan of 
infrastructure and decrease total lifecycle (Frangopol & Liu, 
2018; S�anchez-Silva et al., 2016). Highways must be main
tained in good condition to ensure safe and efficient oper
ation over their lifespan, requiring well-planned and strict 
maintenance practices. Proper maintenance ensures the lon
gevity and efficiency of roads, reducing the need for costly 
repairs and replacements. Yang et al. (2018) and Mazele and 
Amoah (2022) highlight that sustainable infrastructure 
requires a proactive maintenance strategy that considers 
long-term economic impacts.

In Ghana’s context, maintenance and operation costs 
pose unique challenges due to resource constraints and insti
tutional limitations. Studies show that developing countries 
often struggle with inadequate funding and ineffective man
agement practices, leading to accelerated infrastructure 
deterioration (Mazele & Amoah, 2022; Yilema & Gianoli, 
2018). These challenges include limited budgetary alloca
tions, weak institutional frameworks, and insufficient tech
nical capacity (Badu et al., 2012; Greenham et al., 2023).

The relationship between maintenance costs and sustain
ability extends beyond financial considerations. Research 
indicates that proper maintenance practices contribute to 
environmental sustainability by reducing material waste and 
extending pavement life, while also enhancing social benefits 
through improved road safety and user satisfaction 
(Giustozzi et al., 2012). This emphasize the need for inte
grated approaches that consider both immediate mainten
ance needs and long-term sustainability goals. There is the 
need for better maintenance planning systems, improved 
institutional capacity, and innovative financing mechanisms 
in developing countries like Ghana to address these chal
lenges as suggested by research. This calls for a transform
ation in maintenance practices from reactive to proactive, 
backed by adequate financial resources and technological 
know-how to achieve sustainable infrastructure 
development.

2.3.3. Construction time
Construction duration is a key economic indicator for the 
development of sustainable road and highway infrastructure, 
especially in developing countries like Ghana. Research 
revealed that with an average time overrun of 17 months 
and cost overruns reaching US$1.15 million, or 22.5% of the 
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initial budget, around 70% of road projects in Ghana 
encounter delays (Amoatey & Ankrah, 2017; Frimpong 
et al., 2003). These delays are caused by a number of cir
cumstances, such as problems with finance and payments, 
inadequate contract management, material shortages, diffi
culties with utility relocation, and design modifications. 
Construction timetables are also impacted by uncontrollable 
elements like rainfall. As noted by Purushothaman et al. 
(2024), delays are often caused by poor planning, lack of 
skilled labor, and inadequate funding. These delays signifi
cantly affect project sustainability, impacting not only life
cycle costs but also contributing to environmental and 
health problems. The most critical causes of delays include 
financial issues, inadequate contractor experience, changes 
in project scope, site delivery delays, and inflexible funding 
allocation (Amoatey & Ankrah, 2017).

Efficient project management and timely completion are 
essential for minimising economic waste and optimising 
resource use. However, in Ghana, while these issues are 
prevalent, there is a lack of specific studies examining the 
impact of construction time on economic sustainability of 
road projects. The difficulties in meeting scheduled comple
tion times remain a global challenge (Cai et al., 2024), 
requiring measures to ensure highway projects are com
pleted on schedule. This is a serious concern, as these cru
cial construction delays can profoundly affect the economic 
feasibility and sustainability of road infrastructure projects, 
impacting both immediate project outcomes and long-term 
economic growth.

2.3.4. Material costs
The overall project expenditure comprises of 50% or more 
of materials, which are a significant cost factor in road and 
highway construction (Koushki & Kartam, 2004; Patil & 
Pataskar, 2013). The cost of materials has a direct influence 
on both construction and maintenance costs in Ghana, mak
ing it an important economic indicator for the development 
of sustainable infrastructure. Project costs are significantly 
affected by material price fluctuations, which must be con
sidered in project cost estimates (Belachew et al., 2017). 
These fluctuations have a substantial effect on lifecycle cost 
analysis (Moins et al., 2020; Yu et al., 2015). In Ghana spe
cifically, building material prices have been increasing due 
to factors including crude oil prices, energy costs, taxes, and 
transportation expenses (Danso & Obeng-Ahenkora, 2018).

Cost overruns remain a major challenge in highway con
struction (Hussin et al., 2013), closely associated with mater
ial availability and type (Koushki & Kartam, 2004). Effective 
material management, including coordination of purchasing, 
shipping, and supplier control, is crucial for cost control 
(Phani & Mathew, 2019). While sustainable materials may 
have higher upfront costs, they can reduce long-term main
tenance expenses and environmental impacts. Research by 
Wakjira et al. (2024) emphasizes the importance of selecting 
materials that balance cost, durability, and sustainability. To 
promote sustainable construction, Ghana must address bar
riers such as higher initial costs and limited government 
support (Ametepey et al., 2015; Djokoto et al., 2014). 

Having rules in place that maximise resource utilisation 
while taking environmental impacts into account through 
lifecycle assessments can be facilitated by achieving a bal
ance between economic growth and environmental steward
ship in infrastructure development (Kindo et al., 2024).

2.4. SWOT analysis

The strategic instrument for assessing outcomes of projects 
and planning in different fields, including road and highway 
infrastructure development, is SWOT Analysis, which was 
initially created for corporate management and has become 
essential (Cheng et al., 2023; Hosseini Dehshiri et al., 2024). 
The framework systematically examines internal factors 
(strengths and weaknesses) and external factors (opportuni
ties and threats) that can potentially impact project or 
organizational success. The internal environment consists of 
variables within an organisation’s control, while the external 
environment comprises variables outside immediate organ
isational control. These variables collectively form the con
text in which projects or organisations operate (Houben 
et al., 1999). Through this systematic examination, SWOT 
analysis facilitates informed decision-making in infrastruc
ture projects (Kamran et al., 2020).

Strategy formulation using SWOT involves developing 
long-term plans that effectively respond to environmental 
opportunities and threats while leveraging organisational 
strengths and addressing weaknesses (Houben et al., 1999). 
The framework’s versatility is demonstrated through its suc
cessful application across various fields, from health technol
ogy assessment (Behzadifar et al., 2023) to construction 
industry planning (Lu, 2010) and sustainable agriculture 
evaluation (Das et al., 2022). In infrastructure development 
specifically, SWOT analysis has proven valuable for evaluat
ing innovation systems (Awuzie et al., 2021) and implement
ing new technologies (Zima et al., 2020). The framework 
enables managers to identify and address key factors influ
encing project success and sustainability, ultimately improv
ing environmental outcomes and mitigating negative 
impacts in road projects (Montgomery et al., 2014). To assist 
organisations in overcoming obstacles and achieving sustain
able development objectives, a thorough assessment gener
ally yields strategic methods.

This study seeks to develop strategic action plans and 
identify the potential deliverables to incorporate economic 
sustainability in the development of highway infrastructure. 
Although SWOT analysis is a research method, which has 
been generally employed in business plans, it is used, in 
recent times, to evaluate issues and policies related to deci
sion-making and to evaluate sustainable highway infrastruc
ture development (Cheng et al., 2023; Leandri et al., 2020; 
Qayyum et al., 2023). SWOT analysis unlike PESTEL, which 
focuses on only external factors, has the advantage of 
addressing both external and internal factors that affect proj
ects (Kansongue et al., 2023; Pan et al., 2019). The internal 
and external factors serve as the foundation for the develop
ment strategic action plans for sustainable highway infra
structural development. SWOT analysis can be carried out 
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for a product, place, industry or person by specifying the 
business or project objective as well as identifying 
the internal and external factors that promote or inhibit the 
process for achieving that objective (Ghorbani et al., 2015). 
SWOT analysis was, therefore, considered an appropriate 
tool for addressing the objective of this study. In this study, 
the main internal and external factors affecting the incorpor
ation of each economic indicators of sustainable highway 
infrastructure development were studied and identified.

3. Methodology

This research adopts a phenomenological design, based on a 
constructivist ontological perspective, to examine stakehold
ers’ views and perceptions concerning economic sustainabil
ity indicators that affect sustainable road and highway 
infrastructure development in Ghana. A phenomenological 
design acknowledges that the reality of economic sustain
ability indicators is socially constructed through the interac
tions, experiences, and interpretations of stakeholders 
involved in this sector (Hahn & Knight, 2021). The qualita
tive study aims to uncover how the strategic implementation 
of economic sustainability indicators is understood, priori
tised, and enacted within the specific cultural, economic, 
and environmental contexts of Ghana. It recognises the 
diverse perspectives of stakeholders, including government 
and regulatory bodies (e.g., Ghana Standard Authority, 
Environmental Protection Agency), consultants, contractors, 
and academic institutions, which shape the understanding 
and implementation of economic sustainability in construc
tion. Qualitative approach was utilised because this study 
depended on the knowledge and experiences of a smaller, 
purposefully selected groups of stakeholders in the Ghanaian 
highway industry, to explore deep insights, gain context and 
meaning into sustainability issues, which are difficult to 
quantify. The research design comprised two main phases: a 
comprehensive literature review and semi-structured inter
views with key stakeholders and experts in the field. The 
process of identifying prospective indicators for economic 
sustainability began with an extensive literature review of 
existing guidelines and studies related to road and highway 
economic sustainability, from which a preliminary list of 
indicators was compiled. To ensure contextual relevance and 
appropriateness for Ghana, this preliminary list underwent 
evaluation by six highway construction professionals and 
three academic experts, who assessed the indicators’ suitabil
ity and suggested additional relevant indicators for sustain
able road and highway infrastructure development in 
Ghana. This methodological approach examines how stake
holders perceive and prioritize economic sustainability 
within Ghana’s unique contexts, utilizing SWOT analysis to 
evaluate internal and external factors. The integration of lit
erature review and expert evaluation resulted in a final set 
of indicators that was comprehensive and contextually suit
able, establishing a solid basis for the ensuing semi-struc
tured interviews and data analysis.

3.1. Instrument design

Semi-structured interviews were chosen as the primary data 
collection method, allowing for in-depth exploration of eco
nomic criteria indicators while maintaining relevance and 
coherence. An interview guide was developed to facilitate 
these discussions. The interview guide contained a list of 
four (4) highway construction/design sustainability indica
tors that have already been identified from the literature. 
These included reducing material costs; reduce life cycle 
costs, minimise construction time, and reduce maintenance 
and operation costs. The interviewees were asked to share 
their experiences and perspectives on each of the identified 
sustainability indicators by touching on the following:

i. Strengths of the indicators that enhance their ability 
to bring a positive influence on sustainable highway 
infrastructure development

ii. Weaknesses and challenges associated with the indi
cators that restrict their ability to bring a positive 
influence on sustainable highway infrastructure 
development

iii. Opportunities (i.e., Political, Environmental, 
Institutional, Technical, Technological, Economic, 
Social, Sectoral and/or cross-sectoral features) which 
create positive potential for the application of the 
indicators for sustainable highway infrastructure 
development

iv. Threats (i.e., Political, Institutional, Environmental, 
Legal, Technical, Technological, Economic, Social, 
Sectoral and/or cross-sectoral features) which create 
negative potential for the application of the indicators 
for sustainable highway infrastructure development.

v. Actions plans (i.e. What should be done based on the 
above issues to ensure the application of the indicators 
for sustainable highway infrastructure in Ghana?)

Under each of the four themes of SWOT framework, spe
cific questions were asked as prompts to obtain the needed 
information on each indicator. These are presented below.

3.1.1. Theme 1 – strengths of the sustainability indicators
Prompts:

1. What are the advantages?
2. What can this indicator do well?
3. What are the elements supporting this indicator?

3.1.2. Theme 2 – weaknesses of the sustainability 
indicators

Prompts:

1. What could be improved about this indicator?
2. What is not being done properly about this indicator?
3. What should be avoided?
4. What obstacles prevent the incorporation of this indica

tor in highway infrastructure development?
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5. Which elements need to be strengthened to promote 
the incorporation of this indicator in highway infra
structure development?

6. What are the complaints from industry professionals 
about this indicator?

3.1.3. Theme 3 – opportunities (external factors) promot
ing sustainability indicator application

Prompts:

1. Where are the good chances facing the application of 
this indicator?

2. What benefit may occur if this indicator is applied?
3. What political, environmental, social, technological and 

technical, legal, and sectoral factors could promote the 
application of this indicator?

3.1.4. Theme 4 – threats (external factors) restricting sus
tainability indicator application

Prompts:

1. What are the obstacles for this indicator?
2. Are the required technical support and necessary facili

ties for this factor available?
3. Is the changing technology or policy threatening the 

factor?
4. Are stakeholders interested and willing to incorporate 

this indicator in highway development?
5. What political, environmental, social, technological and 

technical, legal, and sectoral factors could restrict/dis
courage the application of this indicator?

The core questions about strategies posed to the inter
viewees are catalogued in Table 2, serving as a foundation 
for in-depth discussions aimed at uncovering in-depth strat
egies and solutions for sustainable road and highway infra
structure development.

3.2. Participant selection

Interviewees were selected on the basis of specific criteria to 
ensure that they provided valuable and relevant insights for 
the study. These criteria included their current roles within 
organisations, professional expertise, experience relevant to 
road and highway infrastructure sustainability, and availabil
ity during the predetermined interview period. Potential 
candidates were purposively selected from various stake
holder organizations involved in road and highway infra
structure development in Ghana. This purposive selection 
aimed to capture a varied range of perspectives from differ
ent sectors within the industry, including government agen
cies, private sector companies, and academic institutions. 
The selection process was designed to ensure a comprehen
sive representation of viewpoints, contributing to a more in- 
depth understanding of the economic criteria indicators for 
sustainable infrastructure. A Participant Information Sheet 
and Consent Form, outlining the study’s purpose, voluntary 
participation, and confidentiality, were sent to participants 
via email prior to the interviews. Additionally, the interview 
guide was designed with cultural sensitivities in mind to 
ensure respectful engagement with participants. The inter
views were conducted until data saturation was achieved, 
meaning that no new significant information emerged from 
the additional interviews, ensuring the robustness and com
pleteness of the data collected.

Table 2. Background of interviewees and their organizations.

ID Stakeholder organization Type
Interviewee 

Position Sector
Experience 

(years)
Interview 

type

P1 Academia / Researcher Senior Lecturer Government 10 Face-to-face
P2 Ghana Highway Authority Survey & Design Manager Government 18 Face-to-face
P3 Ministry of Road and Highway Principal Engineer Government 13 Face-to-face
P4 Department of Urban Roads Regional Manager Government 19 Phone
P5 Contractor Project Manager Private 21 Face-to-face
P6 Department of Feeder Roads Deputy Regional Manager Government 16 Face-to-face
P7 Department of Feeder Roads Project Engineer Government 16 Phone
P8 Environmental Agencies Deputy Director Government 24 Phone
P9 Ghana Highway Authority Principal Engineer Government 12 Face-to-face
P10 Department of Feeder Roads Regional Manager Government 20 Face-to-face
P11 Consultant Project Manager Private 14 Face-to-face
P12 Ghana Highway Authority Contract Manager Government 15 Face-to-face
P13 Consultant Managing Director Private 18 Face-to-face
P14 Academia / Researcher Senior Researcher Government 15 Face-to-face

Table 1. Main interview questions on strategic actions.

Main interview questions
Economic criteria

i. How can life cycle cost analysis be incorporated into the planning and development phases of highway infrastructure projects to enhance sustainability 
outcomes? 

ii. How can the management of maintenance and operation costs be optimized to enhance the long-term sustainability and efficiency of highway projects? 
iii. How does the management of construction time impact the sustainability of road and highway infrastructure projects, and what strategies have proven 

effective in minimising construction time while ensuring sustainability goals are met? 
iv. Can you share your insights on the strategies and practices that can be implemented to effectively manage and optimize material costs in road and 

highway infrastructure projects?
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Table 2 presents the professional capacities and organiza
tional affiliations of the 14 selected interviewees, represent
ing a wide range of individuals involved in road and 
highway infrastructure development in Ghana.

3.3. Data collection

Semi-structured interview was chosen as the primary data 
collection method, allowing for in-depth exploration of eco
nomic criterion indicators while maintaining relevance and 
coherence. The researchers developed an interview guide to 
facilitate these discussions. This format provided flexibility 
for the interviewer to probe deeper into specific areas of 
interest while allowing respondents the freedom to express 
detailed insights.

Prior to the semi-structured interviews, the participants 
were provided with a consent form, participant information 
sheet, and interview guide via email, allowing ample time 
for review and preparation. The interviews were conducted 
via both face-to-face meetings and telephone calls, with the 
latter employed when geographical constraints or personal 
preferences necessitated the interview to be conducted 
remotely. These interviews were conducted in informal set
tings to encourage reflective thought and lasted over an 
hour, allowing sufficient time for thorough exploration of 
the topics. With the participants’ consent, all the interviews 
were audio-recorded and subsequently transcribed verbatim 
to facilitate detailed qualitative analysis.

The semi structured interviews were designed to examine 
each indicator and explore avenues to enhance economic 
sustainability within the context of road and highway infra
structure development. The questions were qualitative, 
crafted to elicit detailed responses and allow interviewees 
the latitude to share comprehensive insights, thereby broad
ening the research’s understanding of economic sustainabil
ity practices. Each question was targeted, asking how 
economic sustainability could be augmented through the 
specific lens of economic indicators.

3.4. Data analysis

The analysis began with the organisation of the data, where 
the interview transcripts were systematically arranged for 
streamlined referencing (Creswell, 2009). Utilizing ATLAS.ti 
9 software, content analysis was performed to study the 
manifest content of the data. Content analysis is a social 
research method which helps to quantify large amounts of 
qualitative data for the purpose of data reduction and identi
fying prominent and consistent themes across the data 
(Thomas, 2003). It involves coding of the raw data into a 
standardised form within a conceptual framework. The 
interview transcripts were therefore coded within the SWOT 
framework. The strengths and weaknesses were determined 
by identifying the internal factors that enhance or restrict 
the ability to incorporate each indicator into sustainable 
highway infrastructure development. Correspondingly, the 
opportunities and threats were determined by identifying 
the external factors that create positive or negative potential 

for each indicator to be incorporated into sustainable high
way infrastructure development. Findings from the content 
analysis were subsequently organised into a SWOT matrix, 
which categorizes data on the basis of their internal vs. 
external and positive vs. negative characteristics. This critical 
examination was necessary to obtain significant insights and 
accurately reflect the current state and prospects of the road 
and highway construction sector in terms of economic sus
tainability. This served as the foundational structure for for
mulating guidelines in sustainable road and highway 
infrastructure development.

3.4. Data validation

To ensure the validity and reliability of the data, the 
researchers employed several strategies. Data triangulation 
was used, with the interview transcripts thoroughly exam
ined to ensure the fidelity and coherence of the respondents’ 
statements (Ahmed, 2024). Data triangulation was achieved 
by cross-referencing interview data with other relevant sour
ces, such as field notes and relevant documents, to verify the 
consistency and accuracy of the information. Any discrepan
cies identified were discussed with the participants during 
the member checking process, where they reviewed the 
interview transcripts for accuracy and clarified any points of 
confusion. Additionally, the research team regularly engaged 
in peer debriefing, discussion and review of the coding and 
analysis process to ensure consistency and minimise bias. 
Peer debriefing involved regular discussions among the 
research team, where the coding process was reviewed col
laboratively (Ahmed, 2024). This process allowed for the 
identification and resolution of any inconsistencies in 
the interpretation of data, enhancing the overall validity of 
the findings.

This comprehensive methodology enabled the generation 
of specific recommendations for each economic indicator 
while also allowing for comparisons across different projects 
to highlight universally applicable actions in the context of 
Ghana’s road and highway infrastructure development.

4. Findings and discussions

4.1. SWOT analysis and strategic action plan results

The semi-structured interviews with key highway professio
nals were subjected to SWOT analysis, which provided deep 
insights into the role and impact of the economic indicators 
on sustainable road and highway infrastructure develop
ment. The SWOT analysis results for each of the indicators 
are presented subsequently.

4.1.1. Reduce lifecycle costs
The SWOT analysis results for life cycle cost (LCC) as an 
indicator for improving the economic sustainability of high
ways in Ghana are presented in Table 3 and discussed in 
this section.

Connecting the theoretical principles of lifecycle cost ana
lysis (LCCA) with practical implementation issues is critical 
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for Ghana’s efforts to achieve economically sustainable road 
and highway infrastructure development. Literature estab
lishes LCCA as a critical economic indicator, with Ghana 
facing projected cumulative maintenance costs of $473 mil
lion (2020–2100) for existing roads, potentially escalating to 
$678.47 million when incorporating climate adaptation 
measures (Twerefou et al., 2015). This theoretical framework 
finds strong validation in practitioner experiences, where 
highway professionals emphasize the necessity of compre
hensive lifecycle planning that extends beyond initial con
struction costs to encompass maintenance and 
decommissioning expenses. The convergence of theoretical 
perspectives and practical implementation reveals three criti
cal challenges in LCCA application. First, the absence of 
standardised methodologies for sustainability assessment 
during pavement lifecycle (Babashamsi et al., 2016) com
pounds practitioners’ difficulties in forecasting long-term 
expenses, particularly given the dynamic nature of construc
tion technologies and material costs. Second, professionals 
consistently encounter the challenge of balancing higher ini
tial investments in durable materials against long-term sus
tainability benefits, reflecting the broader theoretical tension 
between immediate economic constraints and sustainable 
development goals. Third, the implementation framework 
requires integration of holistic sustainability assessment with 
practical capacity-building initiatives and supportive policy 
reforms.

To address these challenges, emerging solutions combine 
theoretical insights with practical implementation strategies. 
Practitioners advocate for innovative financing models, par
ticularly public-private partnerships (PPPs), to effectively 
distribute lifecycle costs and risks. This approach aligns with 
theoretical frameworks emphasizing the need to balance eco
nomic viability with sustainability requirements. 
Additionally, the professional emphasis on quality material 
selection reinforces theoretical projections that initial quality 
investments significantly reduce long-term maintenance 
costs. Both literature and practitioner insights converge on 
the importance of establishing collaborative knowledge plat
forms and standardised methodologies to enhance LCCA 
implementation. The synthesis of theoretical frameworks 
and practical experiences demonstrates that successful eco
nomic sustainability in highway infrastructure development 
necessitates an integrated approach. This approach must 

combine robust LCCA methodologies with practical imple
mentation strategies, supported by appropriate policy mech
anisms and active stakeholder collaboration. While 
enhancing the economic sustainability of Ghana’s highway 
infrastructure development, the goal is to foster a more 
resilient and sustainable transportation network for future 
generations. For effective implementation of lifecycle cost 
analysis, the goal is to align theoretical projections with pro
fessional insights. The insights from the interviews and the 
strategies outlined in Table 4 offer a practical roadmap for 
implementing life cycle costs analysis in road and highway 
infrastructure projects in Ghana.

4.1.2. Reduce maintenance and operation costs
The SWOT analysis results for maintenance and operation 
costs as an indicator for improving the economic sustain
ability of highways in Ghana are presented in Table 5 and 
discussed in this section.

Combining theoretical principles with practical considera
tions highlights the significance of maintenance and oper
ation costs as an essential factor influencing economic 
sustainability in the development of road and highway infra
structure in Ghana. Research reveals that effective mainten
ance strategies considerably enhance infrastructure longevity 
and decrease total lifecycle costs (Frangopol & Liu, 2018; 
S�anchez-Silva et al., 2016). Highway professionals highlight 
this by emphasizing the importance of strategic planning for 
the long-term sustainability of infrastructure, illustrating the 
critical intersection of theoretical knowledge and practical 
application. The intersection of theoretical frameworks and 
practical challenges in Ghana’s context reveals critical 
dimensions that shape maintenance and operation cost man
agement. The resource-institutional nexus presents signifi
cant challenges, with literature identifying inadequate 
funding and weak institutional frameworks (Mazele & 
Amoah, 2022; Yilema & Gianoli, 2018) while practitioners 
highlight the complexity of forecasting long-term mainten
ance needs amidst evolving technologies and environmental 
factors. This convergence highlights the necessity for robust 
institutional capacity coupled with strategic financial plan
ning. Furthermore, the quality-cost relationship emerges as 
crucial, with professionals advocating for higher initial 
investments in quality materials and innovative technologies 

Table 3. SWOT results: Life cycle cost.

Internal External

Positive (þ) Strengths 
Provides value for money. 
Ensures economic sustainability. 
Reduces total project cost. 
Long-term benefits

Opportunities 
Advocacy for life cycle cost analysis of projects exists. 
Advancements in digital tools and technologies 
Global and regional emphasis on sustainable 

infrastructure financing
Negative (-) Weaknesses 

Lack of skills and knowledge in life cycle cost analysis 
Lack of commitment to the maintenance and 

operational stages of the project 
Lack of technological competence 
The focus of highway professionals is mostly on 

implementation phase. 
Lack of up-to-date data for analysis

Threats 
Professionals do not get enough time for thorough 

project preparations. 
Economic instability (Inflation) 
Lack of stakeholder /community acceptance 
Political influences 
Budgetary constraints
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to reduce long-term maintenance costs, aligning with 
research indicating that proactive maintenance strategies 
contribute to both economic efficiency and environmental 
sustainability (Giustozzi et al., 2012).

The implementation framework demands integrated solu
tions that combine theoretical insights with practical strat
egies. Both literature and practitioner perspectives 
emphasize the critical need to shift from reactive to 

Table 4. Strategic action plans and expert remarks regarding life cycle costs indicator.

Action plans and deliverables Expert remarks

Capacity building and education
� Developing educational materials and programmes. 
� Comprehensive training programs for professionals. 
� Integration of life cycle cost analysis in educational curricula

So, if they are well trained in the use of these sophisticated tools that will 
quicken their activities, then they will be able to quickly put together 
everything and go through their processes accurately … .P1

… the lack of the skills and the knowledge to do that … P1
Overall, there is a need to improve technical know-how … within the 

industry to enhance life cycle cost analysis … . P12
Technological Advancements and Competence
� Investing in technological/software upgrades. 
� Collaboration with technology providers. 
� Hands-on training for professionals.

Additionally, conducting a thorough life cycle cost analysis requires expertise 
and resources, which may not always be readily available … .P6

So, if you don’t get the right person to do the assessment, it becomes a 
problem. This is because if the person is inexperienced, you are likely to 
have so many issues even undersize some of the structures … P10

On technology, I will not rule it out because you know that day-in day-out, 
new things come up and there are new ways of getting things 
done … P10

Project planning and risk mitigation
� Advocating for realistic project timelines. 
� Developing strategies to mitigate risks. 
� Incorporating flexibility in project budgets.

One other thing that would affect this life cycle cost and maybe any other 
cost projection is the instability with regards to the country’s financial and 
economic situation that is the increasing rate of the inflation which is 
going to introduce high variation over time …… P1

… it might be a matter of having enough time to conduct thorough cost 
analysis. To conduct a comprehensive life cycle cost analysis, you need to 
establish maintenance standards, which would be part of the life cycle 
cost calculation … P14

By carefully analyzing and factoring in all inputs throughout the life cycle, we 
can identify optimal designs that make efficient use of scarce resources. 
This, in turn, reduces the total cost of the project … P6

And the second one I know will be also poor planning. We don’t really plan 
our project well probably because of political interference … . P9

To me, in a country where our currency fluctuates so much then undertaking 
such an exercise becomes tedious because your micro economy keeps on 
changing … . P11

Data collection and transparency
� Establishing protocols and systems for data collection. 
� Collaborating with relevant agencies for a centralised database. 
� Ensuring transparency in decision-making processes.

Gathering comprehensive data on factors such as expected lifespan and 
maintenance costs can be complex … … P6

One major challenge would be the lack of information or data. Without the 
necessary information, it would be difficult to effectively use or work with 
life cycle cost analysis … . . P8

Well, to me historical data for you to make accurate projection is very 
necessary, as I said. The way our physical or let’s say Monetary fluctuates 
so much. . P11

Stakeholder collaboration and advocacy
� Collaborating with transport-economic experts. 
� Engaging government authorities, industry associations, and educational 

institutions. 
� Leveraging existing advocacy initiatives. 
� Public engagement strategies to educate and involve stakeholders.

In terms of politics, the alignment of objectives between politicians and 
technocrats is crucial. If politicians prioritize the successful implementation 
of projects based on sound analysis, it can facilitate the usage of the 
indicator … . P6

It is essential to have technocrats involved in the decision-making process to 
ensure optimal utilization of funds and the consideration of key indicators 
throughout the life cycle … . . P6

It is also important to consider the collaboration between industry 
stakeholders, including consulting capabilities, training of technical 
personnel, and collaboration with academia to incorporate their research 
outputs … . P12

Table 5. SWOT results: Reduce maintenance and operation costs.

Internal External

Positive (þ) Strengths 
Maintenance ensures terminal year attainment. 
Contributes to the design life of the project. 
Reduces vehicle operating cost. 
Reduces life cycle cost.

Opportunities 
Road fund concept for maintenance 
Improvement in road fund administration

Negative (-) Weaknesses 
Weak enforcement of vehicle weight regulations 
Lack of emphasis on maintenance 
Insufficient quality control 
Lack of technical equipment and expertise 
Inadequate database of infrastructure 
Lack of assessment of life cycle costs 
Deferring maintenance activities 
Lack of proper supervision and adherence to standards

Threats 
Misuse of road funds by authorities 
Limited funds for maintenance 
Absence of dedicated working road fund for maintenance 
Governments are very interested in road construction but not their maintenance.
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proactive maintenance strategies, enhance technical capacity 
for lifecycle cost analysis, develop innovative financing 
mechanisms, and establish collaborative knowledge-sharing 
platforms. This integrated approach recognises that effective 
maintenance and operation cost management requires bal
ancing immediate resource constraints with long-term sus
tainability goals, supported by robust policy frameworks and 
stakeholder collaboration. The synthesis demonstrates that 
successful economic sustainability in highway infrastructure 
development demands a holistic approach that views main
tenance and operation costs not merely as expenditure items 
but as strategic investments in long-term infrastructure via
bility. The alignment between theoretical understanding and 
practical experience indicates that the implementation of 
integrated strategies may enhance the economic sustainabil
ity of Ghana’s highway infrastructure. To contribute to the 
development of a more resilient and sustainable transporta
tion network, ensure an approach that optimises resource 
utilisation throughout the infrastructure lifecycle. Table 6
presents the various action plans, their deliverables, and 
some of the remarks made by the highway experts about the 

reducing maintenance and operation costs for sustainable 
highway development.

4.1.3. Reduce construction time
The strength, weaknesses and weakness of the indicator as 
well as the external factors that pose as opportunities and 
threats for the incorporation of construction time in high
way development in Ghana are as presented in Table 7.

With empirical evidence highlighting substantial chal
lenges that directly affect project sustainability in Ghana, 
construction duration serves as a vital economic indicator in 
the development of road and highway infrastructure. 
Research indicates that around 70% of road projects encoun
ter significant delays, with an average time overrun of 
17 months and a cost overrun of US$1.15 million (22.5%) 
(Amoatey & Ankrah, 2017; Frimpong et al., 2003). This 
quantitative understanding finds strong validation in practi
tioner insights, which establish a direct correlation between 
time efficiency and comprehensive project costs, encompass
ing labour, equipment, and administrative expenses, while 

Table 6. Strategic action plans and expert remarks regarding maintenance and operation costs.

Action plan and deliverables Expert remarks

Commitment to infrastructure maintenance
� Proactive maintenance programmes. 
� Undertaking life cycle cost analysis. 
� Funding models and special maintenance funds.

I think that it must be incorporated at every stage and in every decision that 
would have to be undertaken, not only under construction but from the 
planning and design, construction, and even operation … … … .P1

if you incorporate the life cycle cost in your design, you come out with 
designs that will eventually reduce the total cost of the 
project … … … P1

beyond technical challenges, institutional commitment and a holistic 
approach to the entire life cycle of the project are key factors in 
successfully implementing life cycle cost analysis … … … P3

So, regular maintenance is crucial to avoid costly repairs in the long 
run … … . . P7

Financial management and accountability
� Advocating for a road maintenance fund. 
� Transparency in fund administration. 
� Accountability measures and audits.

So, one problem that you know inhibit the road agencies to carry out 
maintenance is lack of funds … . .P1

Sometimes there is misuse of funds, so it will end up like there is no 
fund … … . . P1

The release of funds for maintenance is subject to approval, and sometimes 
there are delays or insufficient funds allocated. … … . .P5

Unfortunately, we as projects managers usually, do not add that to our 
project preparation and so it creates an isolated cost we have to budget 
for so in the absence of any funds from central government … … … . P9

Monitoring and enforcement
� Setting up and equipping axle load stations along major roads. 
� Severe penalties to discourage noncompliance. 
� Setting up mobile enforcement units.

… . .but enforcement of regulations is equally crucial. Weak enforcement 
leads to challenges such as vehicles exceeding weight limits. 
Strengthening enforcement efforts is necessary to ensure compliance and 
reduce excessive maintenance needs … … . . P12

Stakeholder engagement, education and technology integration
� Raising awareness on the benefits of maintenance. 
� Collaborating with educational institutions for maintenance education. 
� Predictive maintenance technologies. 
� Technologically advanced tools for fund tracking.

When these politicians have special interest in the project, then they may not 
be patient enough for the road agencies to go through the due process. 
… … . .P1

challenges can arise regarding construction methods and techniques that can 
affect the sustainability and expected lifespan of the infrastructure. It is 
crucial to ensure that the chosen methods are capable of self-maintenance 
and long-term sustainability … … … . . P3

Yes, exploring technological solutions is crucial to enhancing maintenance 
practices. However, it is important to incorporate these solutions early in 
design and feasibility stages of the project … … . P13

Quality control and standards
� Training programs for quality control personnel. 
� Rigorous assessment and testing protocols. 
� Strict maintenance schedules and adherence to standards.

… that if you want to reduce your maintenance costs, it means that you 
have to ensure quality of work, quality of materials and quality with 
regards to workmanship … P1

when you set up a performance-based contract which is one of the ways of 
achieving quality execution of the work and that will reduce defect in the 
long run then we’ll reduce maintenance cost. … … . .P1

Proper construction can reduce maintenance and operation costs. … … .P4
By selecting materials and design options that are more durable and require 

less maintenance … … . P6
There is often insufficient emphasis on proper supervision and adherence to 

the necessary standards. … … … … P13
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highlighting the acceleration of infrastructure utilisation as a 
catalyst for economic development. The convergence of the
oretical research and practical experience illuminates the 
complex challenges in managing construction time effect
ively. Financial and management constraints, including pay
ment issues, poor contract management, and inadequate 
contractor experience, create fundamental obstacles to timely 
project completion. These challenges are compounded by 
operational issues such as material shortages, utility reloca
tion problems, and skilled labour deficits (Purushothaman 
et al., 2024), while external factors including unpredictable 
weather, bureaucratic barriers, political interference, and 
community resistance further complicate project timelines. 
This multi-layered challenge matrix necessitates a compre
hensive approach to construction time management that 
addresses both technical and institutional dimensions.

Professional insights align with theoretical frameworks in 
advocating for integrated solutions that combine enhanced 
project planning and management systems with innovative 
construction methods, including prefabricated components 
and modular construction techniques. The emphasis on 
developing reliable supply chains, streamlining governmental 
procedures, and implementing integrated project delivery 
models reflects a sophisticated understanding of the inter
connected nature of construction time management and 
economic sustainability. These strategic interventions dem
onstrate recognition that effective time management extends 
beyond traditional scheduling considerations to encompass 
broader economic and social implications. The synthesis 
reveals that successful construction time management in sus
tainable highway infrastructure requires a holistic approach 
that recognises time not merely as a project management 
metric but as a fundamental driver of economic sustainabil
ity. The clear alignment between empirical evidence and 
practitioner experiences suggests that implementing inte
grated management strategies could significantly enhance 
the economic sustainability of Ghana’s highway infrastruc
ture projects while optimising resource utilisation and accel
erating economic development benefits. It is essential to 
mention that sustainable infrastructure development and 
coordinated efforts across technical, institutional, and stake
holder dimensions support the perspective that emphasizes 
that construction time efficiency. Table 8 presents the 
remarks and the strategic action plans identified to promote 

the incorporation of construction time as a sustainability 
indicator for highway infrastructure development.

4.1.4. Reduce material costs
Table 9 presents the SWOT analysis results for reduce 
material cost as an indicator for improving the economic 
sustainability of highways in Ghana.

In Ghana, material costs account for more than 50% of 
total project expenses, constituting a significant economic 
indicator in the development of road and highway infra
structure. (Koushki & Kartam, 2004; Patil & Pataskar, 2013). 
This cost component connects theoretical understanding 
with practical insights, as practitioners validate research 
findings by highlighting that strategic material cost manage
ment enhances economic efficiency and facilitates resource 
allocation for environmental conservation and social equity 
initiatives. This dual perspective reveals the intricate rela
tionship between material cost management and sustainable 
infrastructure development outcomes. The merging of 
research evidence and professional experience explains com
plex challenges in material cost management within Ghana’s 
context. Price fluctuations, driven by crude oil prices, energy 
costs, taxes, and transportation expenses (Danso & Obeng- 
Ahenkora, 2018), create significant uncertainty in project 
cost estimates. This challenge is further complicated by the 
inherent tension between immediate cost reduction and 
long-term sustainability goals, particularly when considering 
sustainable materials that may have higher upfront costs but 
promise reduced maintenance expenses and environmental 
impacts (Wakjira et al., 2024). These challenges highlight the 
need for comprehensive approaches that balance economic 
viability with sustainability objectives.

Professional insights align with theoretical frameworks in 
advocating for integrated solutions that combine local 
resource utilisation, recycling initiatives, and research invest
ment in cost-effective, durable materials. The emphasis on 
fostering early stakeholder collaboration among suppliers, 
contractors, and regulatory bodies reflects a sophisticated 
understanding of the interconnected nature of material cost 
management and project sustainability. These strategic inter
ventions demonstrate recognition that effective material cost 
management extends beyond traditional cost considerations 
to encompass broader environmental and social implica
tions, requiring comprehensive lifecycle cost assessments to 

Table 7. SWOT results: Reduce construction time.

Internal External

Positive (þ) Strengths 
Timely completion controls costs 
Timely delivery satisfies the needs of the people.

Opportunities 
Improved project planning enhances construction time efficiency. 
Awareness of innovative construction technologies among professionals

Negative (-) Weaknesses 
Lack of equipment and technical know-how lead to project stoppages. 
Inadequate personnel on the contractor’s side. 
Challenges with unclear project designs. 
Issues with contractor qualifications and on-site efficiency. 
Poor planning as a major factor affecting construction time.

Threats 
Political influences can affect construction timelines. 
Lack of government interest can lead to project delays. 
Adverse weather conditions can limit construction activities. 
Community resistance, especially regarding relocations. 
Cash flow disruptions and difficulties accessing bank support. 
Encroachment and compensation issues. 
Delayed release of funds for project payments by government. 
Limited availability of materials. 
Variations or changes introduced by stakeholders causing delays.
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evaluate long-term material performance. The combination 
reveals that successful material cost management in sustain
able highway infrastructure requires a holistic approach that 
recognises materials not merely as a cost component but as 
a fundamental driver of economic sustainability. The clear 
alignment between theoretical understanding and practical 
experience suggests that implementing integrated manage
ment strategies could significantly enhance the economic 
sustainability of Ghana’s highway infrastructure while ensur
ing optimal resource utilisation and environmental steward
ship. With suitable policy frameworks and active stakeholder 
involvement, this perspective emphasizes that material cost 
efficiency is essential for sustainable infrastructure develop
ment, necessitating coordinated efforts across technical, 

economic, and environmental dimensions. The strategic 
action plans and some of the key remarks in the interview 
sessions regarding the material costs indicator are set out in 
Table 10.

The semi structured interviews conducted have yielded 
valuable insights and perspectives from key stakeholders, 
which are instrumental in developing effective decision-mak
ing guidelines for sustainable road and highway infrastruc
ture development. The process of data reduction and 
transformation facilitated the distillation of complex infor
mation into accessible, coherent themes and patterns, as 
advocated by Green et al. (2007) and Lune and Berg (2017). 
This methodological approach ensured the extraction of 
actionable intelligence from the respondents’ feedback on 

Table 8. Strategic action plans and expert remarks regarding construction time indicator.

Action plans and deliverables Expert remarks

Project management optimisation
� Strengthening project management practices. 
� Implementing advanced planning tools and technologies. 
� Establishing a robust project management framework.

Another factor that also may reduce construction time is the use of 
technology and even appropriate work methods … … . .P1

The planning of activities and the level of mobilization should align with the 
volume of work that needs to be done. … … P7

It is essential to plan extensively and engage stakeholders … … . .P14
Workforce development and training
� Providing training programmes for construction teams. 
� Developing recruitment and retention strategies. 
� Collaborating with educational institutions to address skills gaps.

… but sometimes because of lack of … lack of technical know-how to 
execute some jobs, … … … … P1

Even if the contractor has it, they may have to bring in an expert. And 
bringing in an expert from outside to come and carry out an operation 
takes time … … … . P1

Stakeholder engagement and relationship management
� Minimising political interference by engaging with authorities. 
� Undertaking thorough community engagement. 
� Ensuring transparent communication between government, road agencies, 

and contractors.

Yes, we need to educate and sensitize the community about the importance 
of the infrastructure and their role in it … … … .P3

we are emphasizing the importance of thorough planning and conducting 
community engagement before the start of any construction 
project … … … … … P5

It is important to engage stakeholders early on, during the planning stages 
and throughout the implementation … … . . P14

Financial planning and resource allocation
� Securing necessary funds before project commencement. 
� Advocating for streamlined fund release processes. 
� Monitoring material supply chains for potential delays.

We need to ensure adequate funding is available before starting a 
project … … P3

To address this, we are working on integrating the payment of affected 
persons into the project cost, ensuring a smoother process that minimizes 
delays. … … … … … P3

Currently in Ghana, many projects experience delays due to payment 
issues … it affects the contractors financially, as they may not be able to 
continue working … … . .P7

Risk mitigation and project preparedness
� Undertaking comprehensive feasibility studies. 
� Ensuring contractors have appropriate tools and equipment. 
� Clearly defining right of way acquisition and compensation processes.

It’s important to address funding concerns to expedite 
construction … … . .P3

By identifying potential time overrun factors and addressing them proactively, 
construction time can be managed effectively. … … … … … .P14

Accurately assessing the qualifications of contractors is crucial, as the 
qualifications presented on paper may not match their actual resources 
and capabilities … … … . P12

Regarding right of way, if an inventory is carried out earlier or before the 
start of the project, identifying electric poles, pipelines, or other permanent 
or temporary structures … . P8

Table 9. SWOT results: reduce material cost.

Internal External

Positive (þ) Strengths
� Indicates long-term value for money. 
� Informs material selection during planning and 

design.

Opportunities
� Design principle seeks to balance material cost 

with functionality. 
� Every contractor considers material costs when 

undertaking a project.
Negative (-) Weaknesses

� Lack of local materials in close proximity. 
� Contractors may prioritise profit over proximity, 

leading to higher costs. 
� Overly rigid adherence to specifications leads 

to rejection of improvable materials. 
� Lack of consideration for material availability 

and suitability in planning. 
� Lack of alternative materials

Threats
� Inflation poses a threat to material costs. 
� Local community or landowner involvement 

can influence costs. 
� Transportation costs and importing materials 

add to overall costs.
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each critical sustainability indicator. The collected remarks 
were systematically analysed and categorised, leading to the 
formulation of targeted action plans aimed at enhancing 
sustainability practices within road and highway infrastruc
ture projects. These plans are grounded in the empirical 
data derived from interviews and are structured to address 

the specific sustainability challenges identified by the 
respondents.

To ensure the validity of these findings, the research 
methodology included a verification process. This involved 
retracing the analytic steps to confirm that the conclusions 
drawn were faithfully representative of the data collected. 

Table 10. Strategic action plans and expert remarks regarding material costs indicator.

Action plans and deliverables Expert remarks

Collaboration and communication
� Strengthening partnerships between designers, material experts, 

contractors, and suppliers. 
� Encouraging effective communication channels throughout the 

construction process.

We inform them, we give them the necessary information about the project, 
we make them own the project, let them understand the benefit of the 
project … … … … … P1

Sustainable Material Innovation
� Promoting the adoption of innovative and sustainable materials. 
� Encouraging designers to balance functionality with cost-effectiveness in 

material choices.

However, if we blend materials properly and ensure good supervision and 
compaction during construction, we can achieve a durable 
road … … … . P4

We must explore and understand our local materials and how we can modify 
them to meet specifications and industry trends … … … … P12

We should explore green alternatives and consider our local 
context … … … … … … P3

Local sourcing and community engagement
� Investigating and utilizing local materials to reduce environmental impact. 
� Engaging with local communities and industries for sustainable sourcing.

… the community also plays a role because they pay the community in 
order to wean the material that is the laterite. So, that would be more like 
a social impact on the cost of materials, so that if we want to way out, we 
should ensure that we bring the community on board of the project at the 
early stages … … … P1

… whether they need to be imported or sourced locally … .P2
… By sourcing local materials and adopting local approaches, we can 

address these challenges and optimize material cost P3
By exploring nearby sources for materials, we can reduce transportation 

expenses. … … P7
Procurement and Contractual Measures
� Developing procurement guidelines prioritising local materials. 
� Incorporating penalties in contracts to discourage noncompliance. 
� Considering long-term contracts or partnerships to mitigate inflation 

effects.

… . Right from day one, when we are given possession of time, within two 
weeks we need to establish where you are hauling all your materials 
from … … … P10

… . We have indices that the Ministry publishes to mop up the inflation of 
material cost but sometimes it doesn’t reflect the market cost. 
… … … . .P11

Flexibility and Continuous Improvement
� Reviewing and updating material specifications for flexibility and 

innovation. 
� Establishing a continuous improvement process based on feedback from 

experts and contractors.

Sometimes, we become too rigid and reject materials that don’t fall within 
certain specifications … … … P4

To reduce material costs, research is crucial … . . P12

Economic Considerations and Budget Management
� Factoring potential inflation into project contracts and budgets. 
� Monitoring economic indicators regularly and adjusting project budgets 

accordingly.

The government can play a role in reducing costs by providing tax incentives 
for imported materials and equipment. … … .P12

Planning and budgeting should consider the availability of materials and 
whether they need to be imported or sourced locally … … … P12

Table 11. Major findings of the interview study.

S/N Sustainability indicators Action plans

1 Life cycle costs Capacity Building and Education 
Technological Advancements and Competence 
Project Planning and Risk Mitigation 
Data Collection and Transparency 
Stakeholder Collaboration and Advocacy

2 Maintenance and operation costs Commitment to Infrastructure Maintenance 
Financial Management and Accountability 
Monitoring and enforcement 
Stakeholder Engagement, Education and Technology integration 
Quality Control and Standards

3 Construction time Project Management Optimisation 
Workforce Development and Training 
Stakeholder Engagement and Relationship Management 
Financial Planning and Resource Allocation 
Risk Mitigation and Project Preparedness

4 Material costs Collaboration and Communication 
Sustainable Material Innovation 
Local Sourcing and Community Engagement 
Procurement and Contractual Measures 
Flexibility and Continuous Improvement 
Economic Considerations and Budget Management
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Table 11 presents a concise summary of the main findings 
from the interviews, highlighting the proposed action plans 
derived from the stakeholders’ input.

5. Conclusion and recommendations

This qualitative study examined the economic criterion indi
cators relevant to sustainable road and highway infrastruc
ture development in Ghana, emphasizing material costs, 
lifecycle costs, construction time, and maintenance and 
operational expenses. By conducting semi-structured inter
views with key stakeholders across different sectors, this 
study offers important insights into the challenges and 
opportunities for improving economic sustainability in infra
structure projects. The findings reveal that effective cost 
management not only enhances economic efficiency but also 
fosters sustainability. Strategies such as local sourcing, sus
tainable material innovation, and improved procurement 
practices were identified as crucial for optimising material 
costs (Koushki & Kartam, 2004). The research highlighted 
the importance of considering the entire lifespan of projects, 
from construction through maintenance to decommission
ing. However, challenges such as a lack of expertise in life
cycle cost analysis and inadequate data were identified as 
barriers to effective implementation (Babashamsi et al., 
2016). Timely completion was found to be critical for con
trolling costs and meeting societal needs. Challenges such as 
a lack of technical knowledge, poor planning, and political 
influence were identified as factors affecting construction 
time (Rivera et al., 2020). The study also emphasized the 
role of proper maintenance in ensuring the longevity and 
efficiency of infrastructure. However, issues such as weak 
enforcement of regulations and inadequate funding were 
identified as significant challenges (Mazele & Amoah, 2022).

These findings emphasize the need for a holistic approach 
to economic sustainability in road and highway infrastruc
ture development in Ghana. This approach should integrate 
considerations of material costs, lifecycle costs, construction 
time, and maintenance costs from the early stages of project 
planning through long-term operation. To address these 
challenges and enhance economic sustainability, several rec
ommendations have emerged from the research. To mention 
a few, the implementation of comprehensive training pro
grammes for professionals in lifecycle cost analysis, sustain
able material use, and efficient project management is 
crucial. Advocating for policies that incentivise sustainable 
practices, such as establishing a minimum requirement of 
30% local material usage in highway projects and developing 
tax incentives for contractors using local materials and the 
adoption of lifecycle cost analysis in project planning, can 
drive systemic change. Fostering stronger partnerships 
between government agencies, contractors, academics, and 
local communities can enhance knowledge sharing and 
improve project outcomes. On the issue of inflation, strat
egies including the consideration of long-term contracts, 
partnerships, incorporating potential inflation into project 
contracts and budgets, allowing for realistic project timelines 
and some flexibility in project budgets were recommended. 

Moreover, undertaking thorough community engagement is 
one of the deliverables for stakeholder engagement and rela
tionship management. This could be undertaken by several 
methods such as the creation of a forum or platform for the 
community members to share their concerns, employing 
questionnaire and surveys to obtain user opinions about 
alternative designs, and using a clear communication chan
nel (e.g. radio stations, and newsletters) to update or inform 
the community about progress of works and possible 
impacts.

Investing in advanced planning tools and technologies, 
such as implementing building information modeling (BIM) 
for project planning and cost estimation, integrating block
chain technology for transparent procurement processes and 
contract management, adopting drone technology for project 
monitoring and maintenance inspection, and utilising asset 
management software like IBM Maximo or similar systems 
for maintenance tracking, can significantly improve project 
management, cost estimation, and maintenance practices. 
Establishing dedicated funds for infrastructure maintenance 
and implementing transparent mechanisms for fund alloca
tion and utilisation are essential for long-term sustainability.

However, this study has some limitations that should be 
considered. We acknowledge community leaders as key 
stakeholders. However, they were not included as partici
pants due to their known continuous interactions with the 
government officials at the local assembly. It was, therefore, 
assumed that the selected government officials have in-depth 
knowledge and experience about the community issues, and 
would therefore capture them in the discussions. This limi
tation does not invalidate the findings but may, however, 
restrict the generalisability of the findings. The focus on 
Ghana, while offering valuable insights, may not be directly 
applicable to other countries with different economic and 
regulatory environments, but provides valuable insights that 
can inform similar contexts. The qualitative nature of the 
study, while providing rich, in-depth data, lacks the statis
tical rigor of quantitative studies. Additionally, the study 
provides a snapshot of current perspectives and practices, 
and longitudinal studies could offer insights into how eco
nomic sustainability factors evolve over time.

Future research could benefit from quantitative studies 
measuring the economic impact of implementing the recom
mended sustainability practices. Exploring the interplay 
between economic, environmental, and social sustainability 
factors in infrastructure development would provide a more 
comprehensive understanding. Climate impact has been a 
major issue in the construction industry globally. Future 
studies could therefore investigate how it impacts economic 
sustainability of highway infrastructural development. It 
would be interesting to explore possible climate mitigation 
and adaptation actions for enhancing economic sustainabil
ity of highways in developing countries. Investigating the 
potential of emerging technologies, such as artificial intelli
gence and blockchain, in enhancing the economic sustain
ability of infrastructure projects could uncover innovative 
solutions. Conducting comparative studies across different 
African countries could identify best practices and 
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opportunities for knowledge transfer. Further, other stake
holders such as community leaders and international consul
tants could be included in future studies to improve the 
findings of this study.

In conclusion, this research provides a foundation for 
enhancing the economic sustainability of road and highway 
infrastructure development in Ghana. By addressing the 
identified challenges and implementing the recommended 
strategies, stakeholders can work toward more sustainable, 
efficient, and cost-effective infrastructure projects that better 
serve the needs of society while promoting long-term eco
nomic viability. The path forward requires concerted effort, 
collaboration, and a commitment to integrating sustainabil
ity principles throughout the lifecycle of infrastructure 
projects.
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