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Abstract
A paradigm shift towards sustainable urban development is represented by the building 
industry’s adoption of smart city ideas. The construction sector can play a key part in 
creating cities of the future, as smart city initiatives continue to gain traction. The purpose 
of the study was to evaluate the approaches to deliver smart cities for sustainable 
development in the construction industry in Ghana, utilising principal component analysis. 
The study used questionnaire instrumentation and quantitative research methods. Of 
the 350 respondents, 317 were purposively sampled to answer the questionnaire. The 
study found that there are two distinct methods for delivering smart cities: integrated 
and collaborative service platforms (ICSPs) and technology and data-driven approaches 
(TDAs). The major discoveries under ICSPs include integrated service delivery platforms, 
collaborative governance, smart building solutions, and smart health services. Key 
revelations under TDAs comprise cloud computing, integrated transport systems, co-
creation and citizen engagement, and data analytics and artificial intelligence. The 
study’s conclusion is that in order to support long-term scalability, reduce redundancy, 
and enhance system resilience in response to growing urban demands, industry 
stakeholders should make investments in adaptable, modular technologies that can be 
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easily integrated into existing infrastructure. Players in the building construction sector that support 
smart cities as sustainable construction practices may find the survey’s findings intriguing. The current 
study contributes to the body of knowledge about approaches to smart city delivery in the Ghanaian 
construction industry, which is important, given the dearth of prior research on this topic in Ghana.
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Introduction
Rapid urbanisation and population growth in many cities contribute to numerous socio-economic, 
technological, and environmental challenges. These include poor governance; traffic congestion; inadequate 
housing, healthcare, and educational facilities; ineffective utility management; and environmental 
pollution (Karmaker, et al., 2023). Challenges such as resource mismanagement, poor infrastructure, and 
environmental degradation undermine economies, exacerbate inequality, and contribute to high crime 
rates (Aljowder, et al., 2023). For instance, Accra, Ghana, ranked the 44th-best city globally (Chisom, 
2024). As Ghana’s most active centre of political and economic activities, Accra faces issues like traffic 
congestion, uncontrolled physical development, and environmental degradation (Ofori, 2021). In Ghana, as 
in other developing nations, urban challenges such as rapid population growth, inadequate infrastructure, 
environmental degradation, and inefficient service delivery persist (World Bank, 2020). According to the 
United Nations (2018), by 2050, an estimated 68% of the global population will reside in cities, exacerbating 
challenges such as resource scarcity, traffic congestion, and environmental degradation. However, these 
persistent issues, like flooding, waste management, water pollution, deforestation, traffic congestion, auto 
pollution, climate change, and other environmental issues, need to be addressed by adopting sustainable 
practices. Ghana can gain from implementing smart city strategies as part of its sustainable development 
plan, as they can improve the standard of living for residents and maximise the effectiveness of urban 
systems (Bibri and Krogstie, 2017). By enhancing public services and infrastructure, fostering private sector 
innovation, and guaranteeing greater accessibility to high-quality public services, smart city solutions 
can help address these problems (Smart City Journal, 2016). Smart cities offer a transformative approach 
to urban development, leveraging digital technology, data analytics, and integrated systems to enhance 
infrastructure efficiency, quality of life, and sustainable development. Smart city initiatives aim to address 
these challenges using technologies like the Internet of Things (IoT) and information and communication 
technology (ICT) systems (Albino, et al., 2015).

Research on smart city development has highlighted global experiences. For example, Liu and Wu 
(2023) reviewed the concept and reality of smart cities in China, while Lim (2021) examined South Korea’s 
experience with smart city development. However, in Ghana, Owusu-Manu, et al. (2022) clarified the 
definitions and benefits of smart building technologies and the factors influencing their adoption. Ghansah, 
et al. (2023) conducted studies in Ghana and published “A framework for smart building technologies 
implementation in the Ghanaian construction industry: a PLS-SEM approach”. Morlu (2024) wrote 
“Smart cities in Ghana: The role of technology in urban development”.

Despite these existing studies, the approach to delivering smart cities in developing nations such as 
Ghana remains slow, with limited attention in the literature. This gap impedes the effective implementation 
of smart cities in construction projects in Ghana. This study examines how smart city delivery approaches 
(SCDAs) can support sustainable development in Ghana’s construction industry. It explores strategies and 
elements needed to enhance SCDA implementation amid rapid urbanisation. The paper is structured into 
two sections: respondents’ biodata and indicators for executing smart city approaches. It reviews smart 
city components, emerging trends, and relevant theories, followed by methodology, results, and discussion. 
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Smart technologies such as IoT, artificial intelligence (AI), predictive analytics, and real-time monitoring 
can improve planning, safety, efficiency, and waste management. They also support energy-efficient designs, 
adaptable buildings, investment attraction, and improved public services, ultimately enhancing urban living 
standards. Adopting smart city construction techniques supports government initiatives in digitalisation 
and sustainable urban development, aligning with national development agendas and international 
commitments such as the United Nations Sustainable Development Goals.

Literature review

SMART CITY COMPONENTS

According to Giffinger, et al. (2007), the concept of a smart city is built on six fundamental elements: smart 
economy, smart people, smart governance, smart mobility, smart environment, and smart living. These 
pillars serve as the foundation for defining and achieving city smartness. Smart people represent the social 
and human capital crucial for smart cities, characterised by active participation in public life, education, 
creativity, and adaptability. Digital tools, reliable internet access, and accessible information are essential for 
empowering citizens to enhance mobility, sustainability, governance, and quality of life (Vanolo, 2014).

Smart governance aims to foster transparency, citizen engagement, and efficient political strategies 
through open data and digital records (Alfano, et al., 2014; Meijer and Bolivar, 2016; Gceza, 2018). 
Smart living focuses on promoting urban health, education, and skills development, especially for small 
and medium enterprises, contributing to a high quality of life when other smart pillars are effectively 
implemented (Shapiro, 2006; Oke, et al., 2020).

Smart mobility integrates ICT into transport systems to enhance safety, reduce congestion, and lower 
greenhouse gas emissions (Giffinger, et al., 2007; Vanolo, 2014). A smart economy encourages innovation, 
resource efficiency, and sustainable growth, supporting entrepreneurship, flexible labour markets, and 
global market integration (Hollands, 2008; Caragliu, et al., 2011; Bakici, et al., 2013; Bawa, et al., 2016). 
The smart environment promotes sustainability through disaster warning systems, smart grids, biodiversity 
management, and efficient resource management (Komninos, 2009; Ghosal and Halder, 2018). Together, 
these elements aim to create sustainable, inclusive, and high-quality urban living.

SMART CITY CONSTRUCTION AND TECHNOLOGY

Smart cities utilise advanced technologies in building construction to enhance connectivity, sustainability, 
and efficiency. Smart buildings, a fundamental component of smart cities, optimise resource usage while 
providing comfortable environments for living and working. Technologies such as AI, the IoT, and 
Building Information Modelling (BIM) play critical roles in addressing urban challenges (Miettinen and 
Paavola, 2014). BIM facilitates the digital management of a building’s lifecycle, improving collaboration, 
minimising errors, and supporting sustainable design through energy simulations (Bolton, et al., 2018). IoT 
sensors monitor real-time environmental, structural, and energy data, enabling predictive maintenance and 
performance optimisation ( Jiang, et al., 2021). Digital twins—virtual models of physical assets—further 
enhance energy management, emergency preparedness, and maintenance strategies.

Smart energy grids integrated with building systems dynamically adjust energy consumption, thereby 
reducing waste and operational costs. AI automates various construction processes, including resource 
allocation, risk management, and scheduling, while machine learning predicts potential challenges to 
streamline project delivery (Mohanty, et al., 2016). Automation technologies, such as drones equipped with 
LiDAR and cameras, allow for efficient surveying, tracking, and site inspections, improving accuracy and 
reducing manual labour. Robotics also contributes to increased productivity and reduced material waste in 
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construction tasks (Zhou, et al., 2020). Unmanned aerial vehicles offer significant advantages in efficiency, 
safety, and data collection by providing detailed, real-time insights throughout the construction process 
(Adu Gyamfi, et al., 2024). Collectively, these innovations are revolutionising construction practices and 
driving the development of smart cities.

The Unified Theory of Acceptance and Use of Technology
To comprehend and forecast user acceptance of information systems and technology, a theoretical model 
known as the Unified Theory of Acceptance and Use of Technology (UTAUT) was developed. Venkatesh, 
Morris, Davis, and Davis introduced the model in 2003. The UTAUT framework identifies four moderating 
variables (age, gender, experience, and voluntariness) and four primary constructs that influence user 
behaviour and technology acceptance. Its main constructs are performance expectancy, effort expectancy, 
social influence, and facilitating conditions. Professionals, such as construction workers, can apply this model 
to better understand how they perceive and adopt new technologies (Venkatesh, et al., 2003).

UTAUT was adapted for the construction organisational environment to determine users’ behavioural 
intentions regarding smart city initiatives. Because it explains and predicts how individuals, groups, and 
governments accept smart technologies, UTAUT can be highly useful in the development of smart cities. In 
the context of smart cities, performance expectancy refers to the degree to which stakeholders believe that 
utilising smart city technologies (such as IoT sensors, smart grids, or e-governance platforms) will enhance 
their daily operations or lives (Venkatesh, et al., 2003). For example, citizens are more likely to adopt a smart 
transportation system if they believe it will significantly reduce their travel time.

Effort expectancy becomes crucial because smart city solutions must be intuitive and easy to use. If 
citizens or public officials find systems too complex, it can discourage adoption (Alawadhi, et al., 2012). 
Therefore, designing accessible and user-friendly technologies is essential for the success of smart city 
projects. Social influence plays a role when individuals perceive that those important others, such as peers, 
community leaders, or government authorities, believe they should use a particular smart technology 
(Venkatesh, et al., 2003). Public campaigns promoting the use of smart waste management applications, for 
instance, can create normative pressure that drives adoption.

Finally, facilitating conditions—the belief that supportive technical infrastructure and resources are 
available—are critical. Residents are more likely to use smart city technologies if they believe they have 
access to reliable internet, technical support, and educational opportunities (Al Jaafreh and Allzouzi, 
2023). By applying UTAUT in smart city planning, policymakers can design programs that anticipate and 
reduce adoption barriers. This approach ensures broader acceptance and optimises the benefits of smart 
technologies for urban sustainability and improved quality of life.

Emerging trends in smart cities for sustainable development
Globally, the convergence of environmental demands and digital innovation has sparked a revolution in 
urban development strategies. Cities are being reimagined as dynamic, data-driven ecosystems that prioritise 
sustainability, resilience, and inclusivity, moving beyond their traditional roles as mere hubs of population 
and commerce. The emergence of smart and circular city models signifies a comprehensive reorganisation of 
resource management, infrastructure, and urban governance.

A central objective of smart cities is the decarbonisation of municipal energy systems. Municipalities 
are increasingly integrating decentralised renewable energy sources such as solar, wind, and biogas into 
urban grids managed by intelligent digital platforms. A notable example is the Hyllie district in Malmö, 
Sweden, where E. ON’s ectogrid and ectocloud systems integrate multiple energy sources. These systems 
utilise real-time data analytics to optimise energy storage, balance supply and demand, and minimise waste, 
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thereby enhancing climate resilience and energy efficiency (The Guardian, 2025). By fostering responsive, 
localised networks, such technologies demonstrate the transformative potential of smart grids in urban 
energy management. Urban planning that embraces circular economy principles reduces environmental 
impact and promotes resource efficiency. The vision of a smart and circular city involves eliminating waste 
through sustainable consumption patterns, closed-loop systems, and innovative design. This approach not 
only reduces dependence on finite resources but also drives economic innovation through recycling, reuse, 
and regeneration (Mylonas, et al., 2024). Digital platforms enhance the performance of circular systems by 
tracking resource flows, predicting maintenance needs, and supporting informed policy-making. Together, 
smart technologies and circularity form a strong foundation for regenerative urban development.

Artificial intelligence is rapidly becoming a cornerstone of smart city planning. By processing vast 
amounts of data from urban sensors, AI can manage public utilities, predict traffic patterns, and optimise 
resource allocation. These capabilities enhance operational efficiency and support data-driven decision-
making, thereby reducing both financial and environmental costs (Brant, 2024). Moreover, AI enables 
adaptive infrastructure, allowing cities to respond effectively to dynamic challenges such as population 
growth, climate change, and economic fluctuations. This enhances the strategic capacity of urban planners, 
shifting governance from reactive to proactive. Active citizen engagement is essential for the success of 
smart city initiatives. Digital platforms and smartphone applications now enable residents to participate in 
civic decision-making, report infrastructure issues, and contribute to urban planning. These participatory 
processes strengthen social cohesion and enhance the legitimacy of development efforts by ensuring 
alignment with local values and priorities (Smart Cities Markets, 2024). This shift towards bottom-up 
planning is not only democratic but also strategic, leveraging community insights and creativity to foster 
innovation and address local challenges.

In the critical area of waste management, smart technologies are delivering tangible environmental 
benefits. Cities like Seoul have implemented sensor-equipped bins and AI-powered waste sorting systems 
to boost collection efficiency and recycling rates (Newton, 2025). These innovations reduce operational costs 
and carbon emissions while supporting broader sustainability objectives by diverting waste from landfills. 
The integration of smart waste systems with circular economy principles and citizen feedback mechanisms 
enables a comprehensive approach to environmental stewardship. The evolution towards circular, data-
driven, and citizen-focused models marks a significant advancement in smart city development. By 
integrating artificial intelligence, renewable energy, and participatory governance, cities can become more 
inclusive, resilient, and sustainable. As these trends continue to unfold, future research should focus on 
the ethical, equity, and governance implications of smart city technologies to ensure that their benefits are 
equitably distributed and aligned with the public interest.

FAILED OR STRUGGLING SMART CITY PROJECTS

Masdar City, United Arab Emirates

Masdar City was established in 2006 in Abu Dhabi by the UAE government in collaboration with 
the renewable energy company Masdar. The goal was to create a smart city that is powered entirely by 
renewable energy sources, is carbon-neutral, and produces zero waste. The project was estimated to cost 
between US$18 and US$22 billion and cover an area of 6 km2. The first phase was originally planned to be 
completed and habitable by 2009, with a total construction timeline of approximately 8 years (BBC News, 
2008).

However, after delays pushed the start of the first phase from 2006 to February 2008, actual construction 
began, and the city’s first six buildings were completed and occupied in October 2010. The Great Recession 
and the 2008 financial crisis caused further delays, postponing the expected completion to between 
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2020 and 2025 (Stanton, 2010; Bryan, 2011). By 2016, only about 13% of the total planned area, less than 
0.3 km2, had been developed. As of 2020, the final completion date had once again been pushed back, this 
time to 2030 (Flint, 2020). Masdar City was intended to serve as a model of innovative urban planning, 
sustainable development, and community living. It was originally designed to accommodate 45,000–
50,000 residents and 1,500 businesses (Dianna, 2007; Carvalho, 2009). However, by 2023, the city hosted 
only around 15,000 residents and office commuters.

The ambitious goals set for the project were not realised due to several challenges, including an overly 
optimistic budget and timeline. Harsh desert conditions, such as intense heat and dust, reduced the 
efficiency of solar power systems. In addition, limited private investment and the global economic downturn 
significantly hampered progress. As of now, only a small portion of Masdar City has been completed and 
occupied.

Sidewalk Toronto (Canada)

Sidewalk Labs, a division of Google’s parent company Alphabet, launched a smart city project in Toronto, 
Canada, in partnership with Waterfront Toronto, the government agency responsible for city development. 
The project aimed to build a technology-driven neighbourhood equipped with sensors, data collection 
systems, and smart infrastructure. Investors proposed that the government grant them authority to impose 
taxes on citizens and to establish and manage public services such as transportation and schools. They even 
suggested that Sidewalk Labs should have its own police force and an alternative method of incarceration 
for local residents (Canadian Civil Liberties Association, 2019; Silverberg, 2024).

However, residents opposed the development, arguing that it violated their fundamental right to privacy 
as well as other rights supported by privacy, such as freedom of expression and association (Bryant, 2019). 
The project soon faced unexpected and significant challenges. One of the project’s advisers resigned amid 
the growing criticism. In May 2020, Sidewalk Labs ultimately abandoned the Toronto waterfront project, 
citing “unprecedented economic uncertainty” during the early stages of the COVID-19 pandemic as the 
reason for its termination (Brenda, 2020).

In conclusion, public opposition stemmed from concerns about the extensive collection of personal data 
and the lack of control over how that information would be used. Trust in the project was undermined by a 
lack of transparency and insufficient public engagement. The combined impact of the COVID-19 pandemic 
and ongoing debates over data governance led to the project’s official cancellation in 2020.

Konza Technopolis, Kenya

The Kenyan government launched the Konza Technopolis smart city initiative in 2008 as part of its Vision 
2030 economic development plan. The project aimed to create a technology-driven smart city that would 
attract foreign investment and foster innovation. As a flagship smart city initiative and a key component of 
Kenya’s Vision 2030, Konza Technopolis falls under the business process outsourcing sector and associated 
IT-enabled services within the Economic and Macro Pillar (The EastAfrican, 2020). According to the Daily 
Nation (2020), President Mwai Kibaki laid the foundation stone for the Konza project in January 2013. 
However, following the end of President Kibaki’s term, the project experienced significant delays, leading 
many to question whether the flagship initiative would ever be completed (Afolayan, 2016).

By the end of the 2022–2023 fiscal year, investors had committed to at least 75% of the land parcels 
within Konza Technopolis (Kenya News Agency, 2022). In February 2025, the government issued a 
directive urging investors to commence construction on their allocated plots, signalling its commitment to 
accelerating development in the area (Digital, 2025).

Despite this progress, the project’s development has been hindered by land disputes and slow 
administrative processes. Additionally, an overreliance on government funding, coupled with limited private 
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sector investment, has further delayed progress. For many years, there has been minimal visible development 
despite a well-defined vision. As of now, Konza Technopolis remains in its early stages, with only basic 
infrastructure in place.

Amazon second headquarters project

The Amazon second headquarters (HQ2) case illustrates the challenges of anchor tenants in smart city 
initiatives, particularly the unequal distribution of costs and benefits among corporations, governments, 
and communities (Baglieri, et al., 2012). Beyond simply being a corporate relocation, HQ2 should be seen 
through the broader lens of smart city development, where Amazon’s technology-driven model raises 
questions about datafication, surveillance, and social equity (Gupta, 2019).

Amazon’s global competition to select a second headquarters attracted hundreds of proposals, with 
20 cities such as New York and Toronto shortlisted (Bisnow, 2018; Nager, et al., 2019). Many state and local 
governments offered incentives, including tax breaks and land, highlighting their expectation of long-term 
economic benefits. These incentives influenced Amazon’s choice of New York and Northern Virginia as 
finalists (Yurieff, 2018).

However, strong opposition developed in New York, led by unions and later joined by lawmakers and 
the public (Gupta, 2019). Concerns centred on rising housing costs, gentrification, and inequality, which 
opponents argued would disproportionately harm low-income residents. While Amazon’s presence 
promised high-paying jobs and city revenue, it also risked displacing vulnerable communities through 
higher rents and property prices.

Labour issues further fuelled the backlash. Amazon has a long record of opposing unionisation and 
has been criticised for low wages, unsafe conditions, and heavy workplace monitoring (Retail, Wholesale 
and Department Store Union, 2018; Fuchs, et al., 2022). From the labour movement’s perspective, 
HQ2 would deepen inequality by prioritising white-collar employees while leaving blue-collar workers in 
precarious conditions. Opposition, therefore, became a broader strategy to demand better pay, safer working 
environments, and reduced technological surveillance.

In addition, Amazon’s history of producing ICT products linked to increased community surveillance 
(Guariglia and Gullo, 2021; Guo, 2021; Lyons, 2021) raised fears about data governance. Concerns over 
government policies regarding data collection, privacy, and the risks of intensified surveillance contributed 
to public rejection.

In conclusion, Amazon’s HQ2 in New York failed because of a fundamental misalignment between 
promised economic benefits and the social risks perceived by residents. While governments prioritised 
growth and incentives, unions and communities emphasised inequality, displacement, and surveillance. This 
case demonstrates that smart city projects succeed only when risks and rewards are fairly distributed, and 
when citizen concerns about equity and transparency are meaningfully addressed.

New York City Automated Decision Systems project

The case of the New York City Automated Decision Systems (ADS) Task Force demonstrates how 
institutional failure often stems from misaligned values and expectations between governments and 
civil society, rather than simply a lack of purpose. Smart city initiatives frequently use ICT to automate 
data collection and decision-making with the aim of reducing costs. However, the rise of data-intensive 
automation raises serious concerns about algorithmic governance and equity for marginalised communities 
(Levy, et al., 2021). Participatory consultation processes can reduce these risks, but only when they are 
genuine, transparent, and responsive to citizen input (Gooch, et al., 2018).

In 2017, New York City created the ADS Task Force in response to civil society pressure. Nevertheless, 
limited public consultation, minimal transparency, and insufficient information sharing led to a breakdown 
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of trust. While civil society organisations (CSOs) pushed for broad definitions of algorithms and inclusive 
decision-making, the government narrowly restricted ADS to limited automated systems (NYC ADS Task 
Force, 2019). This definitional conflict prevented agreement on even the basic scope of the initiative (Lecher, 
2019). As a result, CSOs disengaged and published their own shadow report in 2019, while the official 
government report was considered ineffective (Cahn, 2019; Richardson, 2019).

The failure illustrates two key issues. Firstly, CSOs sought value-sensitive design—more openness, 
broader inclusion, and recognition of the risks of discriminatory algorithms for low-income and racialised 
communities. In contrast, the government prioritised efficiency, minimising public engagement and 
restricting the release of information. Secondly, the process reflected the wider problem of top-down 
smart city governance, where authorities rarely reconsider decisions or adapt ICT strategies despite citizen 
concerns (Shadowen, et al., 2020). This entrenched approach risks exacerbating inequities, particularly for 
communities already vulnerable to surveillance and discrimination (Pali and Schuilenburg, 2019).

In conclusion, the ADS Task Force failed because of a fundamental misalignment between government 
priorities and civil society values. While CSOs emphasised equity, transparency, and meaningful 
participation, the city limited involvement and focused narrowly on efficiency. This disconnects not only 
eroded trust but also reinforced concerns that smart city technologies could worsen surveillance and 
inequities rather than promote fairness.

Smart city delivery approaches
In the building industry, delivering a smart city entails utilising cutting-edge technologies, creative methods, 
and integrated solutions to build sustainable, effective, and interconnected urban settings. The following are 
the main delivery approaches for accomplishing this goal.

INTEGRATED DATA PLATFORMS

The effective operation of smart city development depends on integrated data systems. According to 
Kolhe, et al. (2023), cities can develop a holistic picture of urban operations by centralising data from 
several city departments and IoT devices. Cities combine information from waste management, energy, 
and public transit systems to help city officials make well-informed decisions and react quickly to urban 
issues (Anthopoulos, 2017). By anticipating and addressing problems before they become more serious, the 
platform’s real-time data analysis and visualisation capabilities enhance city operations as a whole.

PUBLIC–PRIVATE PARTNERSHIPS

Public–private partnerships (PPPs) are vital for smart city development, combining public oversight with 
private-sector innovation to deliver sustainable, efficient urban solutions. They facilitate resource sharing, 
risk reduction, and technology adoption, enhancing quality of life and urban sustainability. Projects like 
Amsterdam’s Smart City initiative demonstrate how PPPs optimise energy use and reduce emissions 
(Weber and Khademian, 2008). By dividing financial and operational risks, PPPs ensure long-term 
project success (Sørensen and Torfing, 2011). They also promote citizen engagement through transparent, 
participatory platforms (Koppenjan and Enserink, 2009) while enabling scalable, adaptable solutions to 
meet the evolving needs of metropolitan areas (Siemiatycki, 2013).

INTERNET OF THINGS DEPLOYMENT

The widespread deployment of IoT sensors and devices is a crucial component of smart city services. By 
integrating IoT technologies into various aspects of urban life, smart cities aim to optimise resource use, 
enhance safety, and provide personalised experiences for residents. According to Alahi, et al. (2023), IoT 
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integration improves infrastructure efficiency, enhances service delivery, and promotes sustainable urban 
development. For example, IoT sensors enable real-time monitoring of water distribution and quality, 
allowing early detection of leaks and pollution (Zin, et al., 2019). This proactive approach not only reduces 
water waste but also ensures a safe and reliable supply for households. Additionally, IoT devices installed 
in vehicles, buildings, and public spaces generate valuable data to support informed decision-making and 
efficient resource management (Alahi, et al., 2023).

Sustainable infrastructure and green technologies
Sustainable infrastructure and green technologies are critical, as smart cities aim to balance urbanisation 
with environmental stewardship, economic viability, and enhanced quality of life. Key strategies include 
using advanced technologies, improving resource efficiency, and integrating renewable energy systems. 
Initiatives such as energy-efficient lighting and green roofs reduce energy use and mitigate urban heat 
islands (Gielen, et al., 2019). Smart grids support efficient energy distribution and the integration of 
renewables, lowering greenhouse gas emissions. IoT-enabled water and waste management systems enhance 
monitoring, reduce waste, and conserve resources (Akande, et al., 2019). Additionally, autonomous electric 
public transport reduces air pollution and traffic congestion, improving urban livability (Geissdoerfer, et al., 
2017). Together, these approaches promote circular economies (D’Amato, et al., 2021) and climate-resilient 
urban development.

CITIZEN ENGAGEMENT AND CO-CREATION

Citizen participation and co-creation are essential for developing responsive, sustainable, and inclusive smart 
cities. By prioritising residents’ input, smart city projects become more innovative, widely accepted, and 
locally relevant (Nam and Pardo, 2011). Co-creation brings together citizens, businesses, and governments 
to collaboratively design urban solutions, such as optimising public transport routes and implementing bike-
sharing programs (Arnkil, et al., 2010). This approach ensures urban systems are technically sound, socially 
equitable, and environmentally sustainable (Meijer, et al., 2019). By integrating citizen engagement and 
co-creation, municipalities can build inclusive, resilient urban ecosystems that strengthen community bonds 
and foster a shared vision for the city’s future.

Integrated service delivery platforms

Integrated service delivery platforms are essential to smart city development, offering a cohesive strategy 
for managing urban resources, enhancing productivity, and improving citizens’ quality of life. These 
platforms connect diverse urban services such as waste management, energy distribution, healthcare, and 
transportation through technologies like cloud computing, data analytics, and the IoT (Anthopoulos, 2017). 
Predictive analytics, for instance, can optimise energy use and streamline traffic during peak hours (Hashem, 
et al., 2016). Moreover, integrated platforms provide a flexible foundation for expanding services and 
adapting to emergencies, including natural disasters (Chourabi, et al., 2012), thereby promoting efficiency, 
responsiveness, and sustainability.

Collaborative governance

Collaborative governance is a crucial strategy for the development of smart cities, emphasising the active 
participation of diverse stakeholders, including governments, businesses, academic institutions, and 
residents. This approach ensures inclusive, transparent, and efficient governance that addresses the varied 
needs of urban communities. By fostering co-creation, it integrates multiple perspectives into policy and 
project design, enhancing their relevance and acceptance (Ansell and Gash, 2008). Digital platforms support 
collaboration by providing real-time data, facilitating informed decision-making, and building trust through 
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transparency (Meijer, et al., 2019). Collaborative efforts enable cities to respond effectively to crises such as 
pandemics and climate change (Choi and Robertson, 2019), promoting sustainable, inclusive, and resilient 
urban ecosystems.

Smart building solutions

Smart building solutions are fundamental to smart city development, integrating sustainability, technology, 
and efficient resource management to create structures that enhance urban living. Acting as microcosms of 
the broader smart city ecosystem, smart buildings contribute to urban goals of efficiency and sustainability. 
Integrating systems such as waste management, heating, cooling, lighting, and security, they optimise user 
experiences while reducing energy consumption and operational costs (Huang, et al., 2020). IoT-enabled 
automation of ventilation, lighting, and temperature control creates responsive environments tailored 
to residents’ needs (Pavel, et al., 2021). Thus, smart buildings are essential for promoting environmental 
stewardship, resilience, and improved quality of life in smart cities.

Smart health services

Smart health services are a vital component of smart city development, leveraging data-driven solutions 
and advanced technologies to enhance the quality, accessibility, and efficiency of healthcare. They create 
interconnected healthcare ecosystems that enable seamless communication and data exchange among 
patients, providers, and policymakers (Vardoulakis, et al., 2019). Wearable technologies and sensors 
facilitate real-time health monitoring, alerting healthcare professionals to potential emergencies (Bhatt 
and Chakraborty, 2022). Additionally, big data analytics supports disease outbreak prediction, resource 
optimisation, and personalised patient care (Zhao, et al., 2021). By ensuring timely, high-quality healthcare, 
smart health services contribute to resilient urban environments and improve overall quality of life.

e-Government platforms

e-Government systems are essential to smart city development, utilising digital technologies to enable 
effective, transparent, and citizen-focused governance. These platforms integrate various services such as 
public feedback, license applications, and tax payments into unified online systems, enhancing service 
delivery and reducing bureaucratic inefficiencies (Anthopoulos, 2017). By digitising services, e-government 
ensures accessibility anytime and promotes inclusivity. It also fosters transparency by providing citizens 
with information and allowing them to monitor projects and services (Nam and Pardo, 2011). During 
emergencies like pandemics or natural disasters, e-government systems maintain uninterrupted service 
provision (Chourabi, et al., 2012). Thus, e-government plays a crucial role in fostering sustainable, resilient, 
and inclusive smart city growth.

Cloud computing

Cloud computing is fundamental to smart city development, providing scalable, adaptable, and cost-effective 
solutions for storing, processing, and analysing the vast data generated by urban systems. By centralising 
data management, cloud platforms enhance the efficiency of public services and resource allocation 
(Hashem, et al., 2015). They facilitate real-time data collection and sharing among departments, supporting 
informed decision-making (Chandrakanth, et al., 2021). Additionally, cloud-enabled analytics allow 
cities to predict and address challenges such as traffic congestion and energy shortages proactively (Silva, 
et al., 2018). Thus, cloud computing underpins the creation of flexible, efficient, and resilient smart urban 
ecosystems.
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Integrated transport systems

Integrated transport systems are a core element of smart city development, providing effective, sustainable, 
and accessible urban mobility solutions. By combining bicycles, buses, trains, and ride-sharing services 
into unified networks, these systems offer seamless travel options for users. Advanced technologies such 
as mobile applications, real-time data analytics, and IoT devices are crucial for efficient planning and 
management (Benevolo, et al., 2016). IoT sensors and GPS tools deliver real-time information on traffic 
and service availability, helping users make informed travel choices (Shaheen, et al., 2016; Milić, et al., 
2021). Integrated transport significantly enhances urban mobility, sustainability, and quality of life.

Data analytics and artificial intelligence

Data analytics and AI are foundational to smart city development, enabling the transformation of vast urban 
data into actionable insights. These technologies support intelligent applications in energy optimisation, 
traffic management, healthcare, and public safety, enhancing responsiveness and efficiency (Batty, et al., 
2012). AI predicts future events, such as traffic congestion, by analysing historical trends (Meijer, et al., 
2016), while also improving safety by detecting and preventing crime through surveillance and social 
signal analysis (Goodman, 2020). Together, data analytics and AI empower smart cities to address complex 
challenges, adapt to changing needs, and improve residents’ quality of life.

Smart waste management

An essential component of developing a smart city is smart waste management, which uses data-driven 
methodologies and technology to build environmentally friendly, sustainable, and effective trash handling 
systems. In order to improve recycling efforts, track bin full levels, and optimise garbage collection routes, 
smart waste management uses sensors, automation, and data analytics. For instance, to cut down on 
pointless journeys and save gasoline, Singapore uses smart bins with sensors to detect fill levels and alert 
waste collection providers (Ramayah, et al., 2016). Fill levels, temperature, and odour are all detected by 
sensors built inside smart bins, which provide real-time data for effective collection scheduling (Neirotti, 
et al., 2014). According to Soni, et al. (2021), smart systems contribute to urban sustainability by minimising 
fuel consumption, lowering emissions, and improving recycling.

Urban digital twins

Urban digital twins (UDTs) are dynamic digital models of real-world cities that integrate data from various 
urban systems, including infrastructure, transportation, and environmental sensors, to simulate and assess 
real-time conditions. Urban digital twins allow stakeholders to visualise the outcomes of different urban 
scenarios, enhancing resilience, sustainability, and informed decision-making (Batty, et al., 2012). Cities 
such as Helsinki and Singapore have adopted urban digital twins to optimise service delivery, monitor 
environmental shifts, and support urban planning (Zhao, et al., 2020). By integrating IoT sensor data, urban 
digital twins create a living digital environment, enabling real-time infrastructure monitoring (Zhao, et al., 
2020). City planners can evaluate the impact of construction projects, regulatory changes, or environmental 
factors on urban environments (Batty, et al., 2012). As Coldefy, et al. (2020) highlighted, UDTs improve 
urban management precision, providing data-driven insights that support more sustainable, participatory, 
and resilient smart city development.

In conclusion, the literature review reveals that delivering smart cities involves a multifaceted approach. 
Key strategies include leveraging public–private partnerships, deploying IoT technologies, and prioritising 
sustainable infrastructure and green innovations. It also encompasses implementing smart building 
solutions, promoting citizen engagement and co-creation, adopting collaborative governance models, and 
developing integrated data and service delivery platforms. Additional components such as smart waste 
management systems, cloud computing, smart healthcare services, integrated transport networks, urban 
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digital twins, and the use of data analytics and artificial intelligence play crucial roles in enhancing the 
efficiency and sustainability of construction and urban development.

Limitations
Although numerous empirical studies exist, the literature on smart city implementation within the 
construction industry remains limited, particularly in addressing alternative approaches such as augmented 
reality, circular economy practices, Mobility as a Service (MaaS), 5G connectivity, and strategies for 
resilience and disaster management in the context of sustainable construction.

Research methodology
All other methodological components were selected based on the research design employed (Sileyew, 2019). 
This study adopted a descriptive survey research design as its primary structure. A descriptive approach is 
crucial for comparing and contrasting data, as well as identifying relationships between variables (Agedu, 
et al., 2011). It enables researchers to gain insights into important phenomena as they occur in real time 
while accounting for multiple factors and circumstances.

A literature review was conducted to ascertain the study variables. A quantitative research approach 
was used, with data collected from respondents through structured questionnaires, resulting in a robust 
dataset. The target population comprised construction professionals working in sustainable construction 
projects across five regions of Ghana: Ashanti, Greater Accra, Eastern, Western, and Northern. These 
professionals included architects, engineers, quantity surveyors, project managers, and site supervisors. 
A purposive sampling technique was used to ensure that the participants had relevant experience and 
knowledge in sustainable construction and technological innovation. Questionnaires were chosen as the 
data collection instrument because they are effective tools for gathering a wide range of information from a 
large respondent pool. The questionnaire was divided into two sections: Section One captured biodata, while 
Section Two focused on indicators for smart city delivery. A five-point Likert scale (1 = strongly disagree to 
5 = strongly agree) was used to measure responses.

To refine the questionnaire, a pilot study was conducted involving eight participants, three academicians, 
and five field practitioners knowledgeable about smart city concepts were engaged to review the questions. 
According to Adu Gyamfi, et al. (2022), pilot studies help researchers refine their instruments, improve 
understanding of the research topic, and estimate the time and resources required for the full study. The 
final survey was administered using Google Forms, and each respondent was contacted by phone to obtain 
consent before receiving the survey link. As supported by Adu Gyamfi, et al. (2024), contacting respondents 
directly by phone before sharing a Google Form link increases response rates compared to distribution via 
WhatsApp platforms.

A sample size of 350 was determined, as no exact population data were available for professionals in the 
five selected regions, despite their significant involvement in sustainable construction. This sample size was 
deemed sufficient for multivariate analysis, including principal component analysis (PCA), which requires 
a sizable dataset for accurate factor extraction. A total of 317 responses were received, representing a high 
response rate of 90.57%. To ensure reliability, the internal consistency of the study variables was assessed 
using Cronbach’s alpha, which yielded a value of 0.899, indicating high reliability. According to Norušis 
(2011), a Cronbach’s alpha of 0.70 or higher denotes dependable performance of variables.

Data analysis was conducted using IBM SPSS Statistics (Version 26). Descriptive statistics (mean, 
frequency, and standard deviation) were used to summarise general response trends. The core analytical 
method was PCA with Varimax rotation, which simplifies interpretation by reducing the number of 
variables with high loadings on each factor. Prior to performing PCA, the data were tested for suitability 
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using the Kaiser–Meyer–Olkin (KMO) measure of sampling adequacy, where values above 0.70 were 
deemed acceptable, and Bartlett’s test of sphericity, where p-values below 0.05 indicated significant inter-
correlations among variables, justifying the use of PCA. Eigenvalues greater than 1.0 and a scree plot were 
used to determine the number of components to retain.

The resulting components were interpreted based on factor loadings and aligned with relevant theoretical 
constructs from the literature. These components were then categorised into strategic orientations for smart 
city delivery, including technology-driven approaches and integrated service platforms.

Limitations of using quantitative methodology
Quantitative research frequently concentrates on statistical analysis and numerical data, which may ignore 
the complexity, depth, and context of participants’ experiences (Bryman, 2016). This restricts its capacity 
to comprehend the “why” and “how” underlying actions or occurrences. Quantitative studies usually use 
structured instruments like questionnaires or surveys, which can restrict the flexibility to modify research 
topics or examine new concerns as they arise (Babbie, 2020). According to Creswell and Creswell (2018), 
quantitative approaches typically call for a set research design and standardised instruments, which may 
restrict the flexibility to adjust for unforeseen study outcomes. Human emotions, values, and meanings 
are frequently better examined through qualitative methods, whereas quantitative approaches may not 
sufficiently account for them (Denzin and Lincoln, 2011). Although useful for statistical generalisation, 
quantitative research frequently falls short in capturing contextual depth and complex human experiences 
(Denzin and Lincoln, 2011; Bryman, 2016). Flexibility and interpretative depth may be restricted by its 
dependence on preset factors (Creswell and Creswell, 2018).

Results and discussion

BIOGRAPHIC DATA FOR RESPONDENTS

As shown in Table 1, the predominance of men in the respondent demographics highlights the persistent 
gender imbalance in the construction industry. While this aligns with the current demographic structure 
of Ghana’s construction sector, it also underscores the need to incorporate more female perspectives to 
enrich the discourse. A significant proportion of respondents (69.4%) reported having 11–15 years of work 

Table 1.	 Information on respondents’ demographics (N = 317).

Gender Respondents experiences Status of respondents

Frequency % Frequency % Frequency %

Male 252 79.50 1–5 years 25 7.89 Supervisor 82 25.87

6–10 years 27 8.52 Architect 53 16.72

Female 65 20. 50 11–15 years 220 69.40 Engineer 92 29.02

16–20 years 24 7.57 Quantity 
surveyor

42 13.25

Above 
20 years

21 6.62 Project 
manager

48 15.14

Total 317 100 Total 317 100 Total 317 100

Source: Authors’ construct (2025).
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experience, suggesting a well-informed cohort with substantial hands-on expertise in urban planning and 
construction. This depth of experience not only enhances the credibility of the PCA but also strengthens the 
overall validity of the study’s findings.

The professional composition of the sample reflects the core disciplines of the construction industry and 
is notably diverse. Engineers and site supervisors constitute the largest group, providing a strong technical 
and operational basis for evaluating smart city initiatives. Additionally, the inclusion of architects, project 
managers, and quantity surveyors contributes to a well-rounded, multidisciplinary understanding of 
innovative urban delivery strategies in Ghana. This comprehensive approach ensures that participants are 
equipped with insights across various dimensions of municipal infrastructure planning and development.

Approaches to delivering smart cities in the construction sector in 
Ghana
According to respondents’ descriptive data on potential strategies for implementing the smart city concept 
in Ghanaian construction companies, integrating advanced technologies, fostering collaboration, and 
prioritising sustainability are highly valued. Table 2 presents the results for 18 variables used to assess 

Table 2.	 Descriptive data of approaches to delivering smart cities in the construction sector.

Item(s) Mean Std. dev. Rank

Integrated data platforms 4.14 0.496 11

Public–private partnerships (PPPs) 4.75 0.581 4

Integrated service delivery platforms 4.72 0.574 6

Internet of Things (IoT) deployment 4.75 0.589 5

Sustainable infrastructure and green technologies 4.83 0.476 1

Citizen engagement and co-creation 4.11 0.450 13

Open data initiatives 4.06 0.537 17

Data-driven decision-making 4.14 0.470 12

Integrated transport systems 4.15 0.469 9

Collaborative governance 4.71 0.604 7

Urban digital twins system 4.09 0.524 15

e-Governance platforms 4.68 0.658 8

Cloud computing 3.40 0.755 18

Smart waste management 4.14 0.494 10

Data analytics and artificial intelligence (AI) 4.11 0.577 14

Smart health services 4.79 0.518 3

Smart building solutions 4.81 0.499 2

Blockchain for city services 4.06 0.512 16

Source: Authors’ construct (2025).
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the construction industry’s approach to developing smart cities in Ghana. In line with Field (2018), the 
indicators were ranked based on mean scores (MSs) and standard deviations. When mean scores were 
equal, the variable with the lower standard deviation was given a higher rank. The results revealed that green 
technologies and sustainable infrastructure had the highest mean score of 4.83, followed by smart building 
solutions with an MS of 4.81, and smart health services in third place with an MS of 4.79. Public–private 
partnerships ranked fourth, while cloud computing had the lowest mean score of 3.40.

Factor analysis on the approach to deliver smart city projects
Factor analysis is a statistical method commonly used in research to identify underlying dimensions or 
patterns within a set of observed variables. It is primarily applied for data reduction, identifying latent 
constructs, and understanding the structure of relationships among variables (Gyamfi, et al., 2022). 
Factor analysis reduces a large number of variables into a smaller set of components without significant 
loss of information, making the data easier to interpret and enabling researchers to focus on the most 
critical elements (Yong and Pearce, 2013). It helps uncover latent (unobservable) factors that explain the 
correlations among observed variables (Field, 2018).

According to Costello and Osborne (2005), factor analysis aids in hypothesis generation and theory 
development by revealing hidden relationships and clusters within datasets. In this study, PCA was 
employed to reduce the dimensionality of the variables assessing smart city development in the construction 
industry. The PCA produced two distinct scales from a set of 18 variables. As noted by Rehbinder (2011) 
and Agumba (2013), the KMO measure and Bartlett’s test of sphericity were used to assess the suitability of 
the data for factor analysis. As shown in Table 3, the study’s KMO value was 0.874, exceeding the minimum 
threshold of 0.6 recommended for acceptable factor analysis (Tabachnick and Fidell, 2001; Sarmento and 
Costa, 2017). These diagnostics confirm the appropriateness of the data for factor analysis. Bartlett’s test of 
sphericity yielded a significant χ2 value of 4,088 with p < 0.001, indicating that the correlations between 
variables were sufficiently strong to proceed with PCA.

Table 3.	 Bartlett’s test of sphericity on approaches to delivering smart cities.

χ2 df p

4,088 153 <0.001

KMO measure of sampling adequacy 0.874

Source: Authors’ construct (2025).

KMO, Kaiser–Meyer–Olkin.

Following the Kaiser criterion, which recommends retaining factors with eigenvalues greater than 1 
(Sarmento and Costa, 2017), two components were extracted, as shown in Table 4. These components 
explained 61.9% of the total variance in the 18 variables. Specifically, it accounted for 31.2% of the 
variance in eight variables, while Component 2 explained 30.7% in 10 variables. Figure 1 illustrates the 
scree plot that visually confirms the two-component solution identified by the factor analysis. The pattern 
matrix shows the correlation between each variable and its corresponding component. As detailed in 
Table 5, Factor 1 includes eight items, while Factor 2 includes 10 items. All factor loadings exceeded the 
recommended threshold of 0.4 (Agumba, 2013; Gyamfi, et al., 2022), indicating meaningful contributions 
of each variable to the respective component. Therefore, the 18 items retained in Components 1 and 2 were 
considered practically significant and were used as observable variables to assess strategies for smart city 
adoption in the construction industry.
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Figure 1.	 Scree plot on approaches to delivering a smart city.

Table 5.	 Factor loading of approaches to delivering smart cities.

Item(s) 1 2 Uniqueness

Integrated service delivery platforms 0.874 0.229

Collaborative governance 0.843 0.288

Smart building solutions 0.836 0.251

Smart health services 0.820 0.292

e-Governance platforms 0.814 0.336

Internet of Things (IoT) deployment 0.803 0.344

Sustainable infrastructure and green technologies 0.757 0.385

Public–private partnerships (PPPs) 0.747 0.430

Cloud computing 0.850 0.265

Integrated transport systems 0.781 0.382

Citizen engagement and co-creation 0.752 0.392

Data analytics and artificial intelligence (AI) 0.746 0.443

Smart waste management 0.732 0.448

Urban digital twins system 0.729 0.429

Table 4.	 Eigenvalues summary of approaches to delivering smart cities.

Component Sum of Squared loadings % of variance Cumulative %

1 5.61 31.2 31.2

2 5.53 30.7 61.9

Source: Authors’ construct (2025).
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Item(s) 1 2 Uniqueness

Data-driven decision-making 0.726 0.462

Integrated data platforms 0.702 0.494

Blockchain for city services 0.69 0.490

Open data initiatives   0.661 0.500

Source: Authors’ construct (2025).

Component loadings on approaches to delivering smart city services
The component loadings reveal two key strategic dimensions essential for implementing Ghana’s smart 
city concept: integrated and collaborative service platforms, and technology and data-driven approaches. 
The importance of these strategies is supported by thematic clusters of approaches represented within each 
component.

COMPONENT 1: INTEGRATED AND COLLABORATIVE SERVICE PLATFORMS

This component was labelled “integrated and collaborative service platforms”, indicating that the successful 
delivery of smart cities in Ghana requires platforms that are both integrated and collaborative. The study 
identifies key elements within this component, including integrated service delivery platforms (0.874), 
collaborative governance (0.843), smart building solutions (0.836), smart health services (0.820), and e-
government platforms (0.814), all of which are strongly represented in the component loadings.

As a strategic approach to smart city implementation in the building construction industry, integrated 
service delivery platforms align with the findings of Chourabi, et al. (2012), who emphasised that such 
platforms provide a foundational structure for expanding services and adapting to evolving urban needs, 
including the integration of new technologies and responses to emergencies such as natural disasters. 
Similarly, Anthopoulos (2017) highlighted that these platforms rely on IoT, cloud computing, and data 
analytics to ensure seamless communication between systems and stakeholders. Hashem, et al. (2016) 
further argued that interconnected systems facilitate real-time analytics, enabling governments to make 
informed decisions—for example, using predictive analytics to optimise energy distribution or manage 
traffic flow during peak hours. The study also finds collaborative governance to be a critical strategy in 
the development of smart cities. This supports Choi and Robertson’s (2019) perspective that collaborative 
governance enables cities to effectively respond to challenges such as pandemics and climate change by 
pooling resources and expertise. Ansell and Gash (2008) further emphasised that involving all stakeholders 
in governance fosters equitable service delivery and ensures that underrepresented groups have a voice in 
smart city initiatives.

Moreover, the study concludes that smart building solutions are essential for implementing smart 
cities. This finding is consistent with Huang, et al. (2020), who argued that integrating systems for waste 
management, lighting, heating, cooling, and security within smart buildings enhances user experiences 
while reducing operational costs and energy consumption. The research also underscores the importance of 
smart health services in the development of smart cities. This supports the view of Vardoulakis, et al. (2019), 
who noted that smart healthcare aims to create interconnected ecosystems where patients, providers, and 
policymakers can benefit from seamless communication and data sharing. Zhao, et al. (2021) added that 
smart health services leverage big data analytics to forecast disease outbreaks, optimise resource allocation, 
and personalise patient care.

Table 5.  continued
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Overall, the concepts of collaborative governance and integrated service delivery platforms highlight 
the necessity of cohesive systems that combine multipurpose services, ensuring operational efficiency and 
seamless access for citizens in a smart city environment.

COMPONENT 2: TECHNOLOGY AND DATA-DRIVEN APPROACHES

The second component was labelled “technology and data-driven approaches”, indicating that the successful 
implementation of smart cities in Ghana relies heavily on the use of advanced technologies and data 
systems. Key elements within this component include cloud computing and technology (0.800), integrated 
transport systems (0.781), co-creation and citizen engagement (0.752), and data analytics and artificial 
intelligence (0.746).

According to Hashem, et al. (2015), cloud computing centralises data processing and storage, enabling 
cities to manage resources more efficiently and deliver seamless public services. This finding reinforces the 
idea that cloud computing is a fundamental enabler in the development of smart cities. Chandrakanth, 
et al. (2021) further observed that cloud-based systems support real-time data collection and information 
exchange across city departments, thereby enhancing decision-making processes. The study also reveals that 
integrated transport systems depend on advanced technologies such as the IoT, real-time data analytics, and 
mobile applications to ensure efficient planning, management, and operation. This aligns with Benevolo, 
et al. (2016), who emphasised the critical role of these technologies in smart mobility. Similarly, Milić, 
et al. (2021) noted that IoT sensors and GPS devices provide real-time data on vehicle locations, traffic 
conditions, and service availability, helping users make informed travel decisions.

In addition, the findings regarding citizen engagement and co-creation align with those of Arnkil, 
et al. (2010), who defined co-creation as a collaborative process involving residents, businesses, and local 
governments in designing and implementing urban solutions. Meijer, et al. (2019) further suggested that 
such collaboration strengthens stakeholder relationships, enhances social capital, and contributes to the 
development of urban solutions that are technically effective, environmentally sustainable, and socially 
inclusive. This component as a whole illustrates the critical dependence of smart city systems on advanced 
technology and robust data infrastructures. Cloud computing enables the storage and processing of large 
datasets, while AI-driven analytics provide predictive insights and support data-driven decision-making, 
both of which are essential for effective and efficient urban management.

Theoretical contributions
The results of the study’s PCA indicate that two key subgroups, technology and data-driven techniques, 
and integrated and collaborative service platforms are essential for the successful delivery of smart cities. 
The researcher found no evidence of a comparative study conducted within Ghana’s building construction 
industry. This study is particularly relevant, as it fills a gap in the literature regarding the most critical 
delivery approaches for developing smart cities in Ghana’s construction sector.

Practical implication
Smart city development in Ghana’s building sector presents several opportunities for sustainable urban 
transformation by policymakers. Smart building technologies can be integrated into infrastructure planning 
to reduce costs, lower energy consumption, and support the creation of environmentally friendly cities 
(Meena, et al., 2022). Resilient healthcare facilities can be developed through the adoption of smart health 
services, enhancing the technological capacity of new clinics and hospitals and improving health outcomes 
in both urban and rural areas. Integrated city management can be achieved through the use of service 
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delivery platforms that optimise resource management, improving the efficiency of urban utilities and transit 
systems by construction organisations or practitioners (European Commission, 2020).

Social contributions
Smart city development in Ghana has the potential to promote inclusive urban development by fostering 
co-creation and citizen participation, ensuring that marginalised communities have a voice in shaping 
urban initiatives (European Commission, 2025). Increased public trust can be achieved through open data 
exchange and AI-powered decision-making, which enhances transparency and builds confidence among 
citizens, government institutions, and developers.

Recommendations
	 •	� To advance smart city development in Ghana, stakeholders should prioritise the integration of 

service delivery platforms supported by the IoT, cloud computing, and real-time data analytics. These 
platforms will enable effective resource management and seamless communication across various 
urban systems. Additionally, adopting collaborative governance models is essential to ensure inclusive 
and equitable urban development. Such models encourage active participation from the public and 
private sectors, academic institutions, and citizens.

	 •	� The standardisation of smart building solutions within the construction industry is also critical 
for enhancing operational efficiency and reducing environmental impact. These solutions should 
incorporate automated control systems, advanced waste management technologies, and sustainable 
energy systems. Furthermore, the sector should promote the development of intelligent healthcare 
infrastructure, enabling robust, data-driven healthcare delivery systems that can withstand public 
health crises.

	 •	� To sustain and expand smart city initiatives, investment in building local expertise in digital 
technology and urban planning is vital. Finally, the government must establish clear policies and 
incentives to foster innovation, ensure system interoperability, and build public trust through 
transparent, citizen-centred e-government services.

Through the implementation of these strategies, Ghana can develop resilient, inclusive, and sustainable 
smart cities that are capable of addressing current urban challenges while meeting future growth demands.

Conclusion
This study investigated strategic approaches for delivering smart cities to support sustainable growth in 
Ghana’s construction industry. It highlighted the role of smart city concepts in enhancing the resilience, 
sustainability, and adaptability of urban infrastructure through technological integration and stakeholder 
collaboration. Using a quantitative research design and a structured questionnaire, the study employed PCA 
to categorise smart city delivery factors into two components: integrated and collaborative service platforms, 
and technology and data-driven approaches. These include e-government services, smart buildings, health 
systems, cloud computing, transport integration, citizen engagement, data analytics, and AI. The findings 
offer practical guidance for Ghana’s construction sector, such as adopting cloud-based platforms for project 
management, using IoT and analytics to reduce congestion, and promoting citizen participation in urban 
development. Policymakers are advised to create interoperability standards and encourage modular, scalable 
technologies. The study, limited to five regions, calls for broader research across Ghana to further explore 
smart city implementation challenges and success factors. Overall, this study contributes valuable insights to 
the knowledge base on sustainable smart city delivery strategies in Ghana’s construction industry.
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