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BACKGROUND AND OBJECTIVES: Doha, Qatar, is committed to becoming a Sustainable 
Smart city as part of its Qatar National Vision 2030. This transformation is vital for 
bolstering regional economic resilience, advancing environmental sustainability, and 
promoting smart governance. Despite growing global interest in Sustainable Smart 
Cities, limited research specifically addresses Doha’s unique challenges in this domain. 
Understanding these barriers is essential for informed policymaking and effective urban 
planning. This study seeks to identify and evaluate the primary obstacles impeding 
Doha’s Sustainable Smart city development, with a focus on economic, technological, 
social, governance, environmental, and regulatory dimensions.
METHODS: A mixed-methods approach was used to analyze barriers to Sustainable 
Smart city development in Doha. The study began with a literature review to establish 
a theoretical foundation and identify global and regional challenges. This was enriched 
by qualitative input from Qatari stakeholders, including urban planners, policymakers, 
technology experts, and public-private sector representatives. Partial Least Squares 
Path Modelling was then employed to prioritize barriers by evaluating their impact 
on Sustainable Smart City progress. This approach combined theoretical insights with 
practical, context-specific expertise for a robust analysis. 
FINDINGS: This research identifies key barriers to Doha’s transition into a Sustainable 
Smart city: economic (25%), technological (20%), social (20%), governance (15%), 
regulatory (10%), and environmental (10%). Economic barriers, particularly high 
infrastructure costs, are the most significant, followed by technological readiness and 
social awareness. Governance issues, characterized by bureaucratic inefficiencies, 
complicate development, while regulatory barriers stem from outdated policies. 
Environmental challenges, including climate-related issues like water scarcity, further 
hinder progress. Compared to Abu Dhabi, Doha lags in regulatory frameworks (Doha 
3, Abu Dhabi 4), public awareness (Doha 2.5, Abu Dhabi 3.5), and technological 
infrastructure (Doha 2.8, Abu Dhabi 4.2). Addressing these barriers through tailored 
strategies is essential for advancing Doha’s Sustainable Smart City vision and enhancing 
public participation.
CONCLUSION: To address these challenges, the study recommends fostering public-
private partnerships to secure funding, developing Sustainable, Smart city-specific 
regulations to improve governance, and launching awareness campaigns to enhance 
community participation. Targeted investments in advanced technological infrastructure 
and streamlined coordination among governing bodies are also crucial. By implementing 
these strategies, Doha can overcome its challenges and achieve its vision of becoming a 
sustainable, smart city aligned with its Qatar National Vision 2030.
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INTRODUCTION
Sustainable Smart Cities (SSCs) represent an 

integrated approach where advanced technologies 
and sustainable practices converge to improve urban 
living. These cities aim to enhance the quality of life, 
reduce environmental impact, and ensure social 
inclusivity through innovations such as the Internet 
of Things (IoT), big data analytics, renewable energy 
solutions, and efficient governance (Wei et al., 2021). 
Using real-time data to manage resources like water, 
energy, and transportation, SSCs offer solutions to 
common urban challenges, including population 
growth, pollution, and resource scarcity (Wuni et 
al., 2023). For example, cities like Amsterdam and 
Singapore showcase how technology can optimize 
energy use and waste management while promoting 
citizen engagement and environmental sustainability. 
At the heart of SSCs is citizen participation, which 
ensures that urban growth remains inclusive and 
transparent (Hammer et al., 2011). By using smart 
technologies, these cities improve efficiency in 
services like energy and water management, enhance 
safety, and reduce waste (Yousif et al., 2021; 2022). 
With a focus on equitable access to technology 
and governance, SSCs promote environmental 
sustainability and address climate change impacts. 
Qatar’s National Vision 2030 aims to achieve a 
diversified and knowledge-based economy, with an 
emphasis on sustainable development (Al-Saidi and 
Zaidan, 2024). As the capital of Qatar, Doha plays a 
crucial role in this vision, aspiring to become a leader 
in sustainability, innovation, and resilience (Buniya et 
al., 2021). The city’s transition towards an SSC is in line 
with global trends of integrating sustainability and 
technological innovation within urban environments 
(Albino et al., 2015). However, Doha faces unique 
challenges, including extreme desert climates, rapid 
urbanization, and a reliance on imported resources, 
which complicate the development of SSCs (Belčáková 
et al., 2019). In particular, resource scarcity, water 
management, and energy efficiency are critical issues 
that require innovative solutions in Doha’s context 
(Berrone and Ricart, 2016). As Qatar moves beyond its 
reliance on oil and gas, integrating SSC concepts will 
help diversify the economy by promoting sustainable 
growth in sectors like technology, tourism, and 
finance (Griffiths and Sovacool, 2020). These factors 
make Doha an important case study for exploring 
the barriers and solutions to SSC development, 

particularly in resource-constrained regions. Despite 
substantial research on SSC development, limited 
attention has been given to cities in the Middle East, 
particularly Doha. While cities like Dubai and Abu 
Dhabi have made significant progress in implementing 
smart technologies, the socio-economic, cultural, 
and environmental contexts of Doha are different, 
requiring tailored approaches.  The barriers to SSC 
development in Doha may not align with those 
identified in other cities, due to differences in 
governance structures, climate conditions, and 
technological infrastructure. This study aims to fill 
this gap by identifying and analyzing the specific 
barriers to SSC development in Doha (Yousif et al., 
2021; 2022), offering insights that can guide the city’s 
transition to a sustainable and smart urban model 
(Razmjoo et al., 2021). The objectives are to: 

(i)	 Identify the unique barriers Doha faces in 
transitioning to an SSC, considering its socioeconomic, 
environmental, and technological conditions; 

(ii)	 evaluate the applicability of smart city 
frameworks implemented in cities like Dubai and Abu 
Dhabi; 

(iii)	 assess the environmental, economic, and 
governance challenges to SSC implementation in 
Doha, particularly focusing on resource scarcity, 
climate conditions, and technological infrastructure; 

(iv)	 propose actionable recommendations to 
help local policymakers overcome these barriers and 
accelerate the development of a sustainable and 
smart Doha; and 

(v)	 contribute to the academic discourse on 
SSCs in the Middle Eastern context, offering insights 
into the challenges of resource-scarce and arid 
environments.

The novelty of this study lies in its unique focus 
on Doha’s specific challenges in the context of SSC 
development. While other research has examined 
the concept of SSCs in general terms or in the context 
of cities in the West and Asia, very few studies have 
focused on cities in the Middle East, particularly 
those facing extreme climatic conditions and rapid 
urbanization. By filling this gap, this study offers a 
unique perspective on how smart city models can 
be adapted to meet the environmental and socio-
economic realities of arid and resource-scarce regions 
(Kumar et al., 2024). Furthermore, the findings of 
this research could help guide other cities in the Gulf 
Cooperation Council (GCC) region that face similar 
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challenges, making it a valuable contribution to 
both regional and global smart city studies. This 
research will provide evidence-based solutions to 
guide the integration of sustainability, technology, 
and innovation into Doha’s urban planning strategies, 
supporting Qatar’s National Vision 2030. This study 
was conducted during the academic year 2023-24 at 
Kalasalingam Academy of Research and Education, in 
India.

MATERIALS AND METHODS
Theoretical background
Key components of SSC development

Sustainable Smart Cities are defined by the 
integration of advanced technologies with sustainable 
practices to address modern urban challenges. Urban 
cities focus on improving urban living through the 
efficient use of resources while enhancing the quality 
of life for their residents. The following components 
are critical to the development of an SSC:

1.	 Digital Infrastructure: This refers to the use 
of technologies such as sensors, IoT devices, and 
data hubs to collect, analyze, and distribute data 
across various city functions. For example, Barcelona 
employs sensors to track waste levels, notifying 
collection services only when bins are full, and 
optimizing the waste management process (Griffiths 
and Sovacool, 2020). This allows for a more efficient 
use of resources and reduces unnecessary costs and 
emissions.

2.	 Sustainable Energy: A key objective of SSCs 
is to reduce their carbon footprint by incorporating 
renewable energy sources like solar, wind, and 
bioenergy. In SSCs, energy-efficient buildings may 
integrate solar panels, while smart grids are used to 
balance energy demand, reducing reliance on fossil 
fuels (Myers 2021). For instance, some smart cities 
deploy district heating and cooling systems that use 
renewable energy sources to maintain comfortable 
living environments without overwhelming the local 
grid (Neirotti et al., 2014).

3.	 Smart Mobility: Efficient and sustainable 
transportation systems are a hallmark of SSCs. These 
cities focus on developing public transit systems that 
optimize routes using real-time data, installing electric 
vehicle charging stations, and supporting bike-sharing 
networks (Buniya, et al., 2021). Copenhagen’s bike-
sharing system, for example, is integrated into the 
city’s public transit app, allowing residents to switch 

seamlessly between transportation modes. This 
integration helps reduce traffic congestion and lowers 
the overall carbon emissions from transportation.

4.	 Waste Management: Advanced waste 
management systems are essential in SSCs, as they 
directly contribute to environmental sustainability. 
Many cities use smart waste bins that signal when 
they are full, enabling more efficient waste collection 
and reducing the carbon emissions from garbage 
trucks. These systems not only improve operational 
efficiency but also contribute to the city’s overall 
sustainability efforts by optimizing resources and 
reducing waste sent to landfills (Elessawy, 2021).

5.	 Citizen Engagement: SSCs emphasize 
transparency and inclusiveness, encouraging 
residents to engage with city management through 
apps or portals that facilitate communication, 
decision-making, and access to services. Platforms 
that allow residents to voice concerns or report 
issues help create a sense of ownership and build 
trust in local governance. The involvement of citizens 
in decision-making is vital for ensuring that smart 
city projects are inclusive and address the needs of 
diverse urban populations (Kumar et al., 2020).

6.	 Environmental Resilience: SSCs also aim 
to be resilient to the impacts of climate change 
by incorporating green spaces, sustainable water 
management, and disaster preparedness strategies. 
For example, in Singapore, urban planning includes 
green roofs and vertical gardens, which help manage 
stormwater and reduce the urban heat island effect 
(Alsaeed et al., 2022). These measures contribute 
to improving the city’s resilience to environmental 
stressors, making it better equipped to handle climate 
change impacts.

Each of these components is designed not 
only to improve urban living but also to adapt to 
future technological, societal, and environmental 
changes. SSCs integrate innovative solutions that 
address current challenges while providing a flexible 
framework for future developments in cities.

SSC development in the Middle East
The development of SSCs in the Middle East is 

gaining momentum as cities in the region seek to 
address urbanization and environmental challenges 
while fostering economic diversification. While the 
region is diverse in terms of culture and resources, 
many cities face common challenges, such as harsh 
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climates, rapid urban growth, and resource scarcity. 
For instance, Masdar City in Abu Dhabi is one of 
the region’s most prominent smart city initiatives, 
focusing on sustainability and renewable energy. The 
city aims to be zero-carbon, incorporating solar power 
and energy-efficient buildings (Razmjoo et al., 2021). 
Similarly, Dubai has integrated smart technology 
into various sectors, including government services, 
healthcare, and transportation. One notable 
initiative is the Dubai Paperless Strategy, which seeks 
to eliminate paper from government operations, 
contributing to sustainability and improving 
efficiency in governance (Angelidou, 2014). These 
cities exemplify the Middle East’s commitment to 
SSC principles, though implementation varies based 
on available resources and strategic goals. Doha, 
Qatar, while also aiming to transition to a smart and 
sustainable city, faces a unique set of challenges. 
For example, regulatory frameworks to support SSC 
development are still evolving, and there is limited 
public awareness and understanding of the concept. 
As a result, Doha’s ambitions to become an SSC are 
constrained by socio-economic and political factors, 
as well as the city’s reliance on external expertise and 
technology.

Barriers to SSC development: A thematic exploration
While the Middle East has made significant strides 

toward developing SSCs, several barriers hinder the 
progress of smart city initiatives and are presented 
in Fig. 1. From Fig. 1, it may be noted that economic 
barriers were identified as the most significant issue, 
followed closely by technological and governance 
barriers. These three categories collectively represent 
the most substantial challenges faced in the context 
of the research. Social, environmental, and regulatory 
barriers were identified as less significant issues, 
suggesting that while they may still pose challenges, 
they are not as critical as the economic, technological, 
and governance factors.

n Doha, these barriers (Fig. 1) are particularly 
evident and can be categorized as follows:

1.	 Economic barriers: The development of 
SSCs often requires substantial upfront investment in 
technology, infrastructure, and ongoing maintenance. 
For Doha, these costs are compounded by the need 
to import technology and expertise. Local solutions 
for SSC challenges are often scarce, making projects 
more financially burdensome. Additionally, economic 
diversification efforts may divert resources away from 
SSC initiatives, further delaying implementation.

2.	 Technological barriers: SSCs depend on 
robust digital infrastructure, yet many Middle Eastern 
cities, including Doha, face challenges such as limited 
technological readiness and a lack of digital literacy 

 
 
 
 

Fig. 1: Barrier categories to SSC development 
  

Fig. 1: Barrier categories to SSC development
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(Camero and Alba, 2019). The shortage of skilled 
personnel in emerging technologies can also impede 
the development of smart systems, making it difficult 
to deploy and manage these systems effectively. 

3.	 Social barriers: Social acceptance of SSCs is 
vital for their successful implementation. In Doha, 
there is limited public awareness of SSC benefits, and 
residents may resist adopting new technologies or 
practices. Engaging the community in the transition 
to a smarter, more sustainable urban environment is 
key, but public education and outreach are still in the 

early stages (Al-Saidi and Zaidan, 2024).
4.	 Governance barriers: Effective governance is 

crucial for the success of SSCs, as these initiatives often 
require coordination across various governmental 
and private sector stakeholders. In Doha, regulatory 
complexities and interdepartmental coordination 
issues have slowed down SSC implementation. This 
lack of a unified governance framework creates 
hurdles for timely decision-making and action. 

5.	 Environmental barriers: Doha’s desert 
climate presents unique environmental challenges. 

 
 
 

Fig. 2: Study area – Doha, Qatar 
  

Fig. 2: Study area – Doha, Qatar
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High temperatures and limited water resources 
make it necessary for SSCs in the region to integrate 
specialized solutions, such as advanced cooling 
technologies and efficient water management 
systems. The development of these solutions requires 
significant investment and research, which further 
complicates the city’s transition to an SSC. 

6.	 Regulatory barriers: Regulatory frameworks 
that support the development of SSCs are often 
underdeveloped or not fully adapted to the specific 
requirements of smart city projects. In Doha, the 
absence of clear regulations tailored to SSC initiatives 
complicates the approval and implementation 
process for these projects, resulting in delays and 
inefficiencies (Kumar et al., 2020).

The identification of these challenges is essential 
for guiding the region’s future urban development 
and ensuring that SSCs contribute to long-term 
sustainability.  

Study area
As of 2024, Doha, Qatar, located at approximately 

25.276987° N latitude and 51.520008° E longitude, 
stands as a rapidly growing urban hub in the Middle 
East with an estimated population of 2.4 million, the 
majority of whom are expatriates (Fig. 2). The city 
experiences an arid desert climate characterized 
by extreme heat, with summer temperatures often 
exceeding 45°C, mild winters ranging from 14°C to 
26°C, and minimal annual rainfall averaging around 
75 mm. These conditions necessitate reliance on 
energy-intensive cooling and desalination systems, 
contributing to Qatar’s status as one of the highest per 
capita carbon emitters globally. Doha faces significant 
challenges in achieving a sustainable smart city status 
due to its environmental constraints, including high 
energy and water demands, urbanization pressures 
driven by rapid population growth, and resource 
scarcity. Socio-economic factors such as income 
disparities, the diverse needs of a predominantly 
expatriate population, and inequality in access to 
resources further complicate sustainable urban 
planning. Governance hurdles, including the 
enforcement of sustainability regulations and the 
practical execution of Qatar’s ambitious National 
Vision 2030, also impede progress. Additionally, 
fostering cultural and behavioural shifts toward 
sustainable practices remains a challenge. Despite 
these barriers, Doha’s ongoing efforts and strategic 

initiatives position it as a pivotal case study for 
addressing sustainability in rapidly growing urban 
centres, particularly in extreme climates.

Methodology
The research methodology flowchart is presented 

in Fig. 3. From Fig. 3, it may be noted that the 
flowchart outlines a research methodology that begins 
with a literature review to understand the existing 
knowledge and identify research gaps (Kumar et 
al., 2024). This is followed by stakeholder interviews 
to gather insights from relevant individuals. Data is 
then collected through various methods, which are 
subsequently analyzed using Partial Least Squares 
Structural Equation Modeling (PLS-SEM). The analysis 
results in findings and conclusions that summarize the 
key insights and potential implications of the research.

Mixed-methods approach
This study employs a mixed-methods approach, 

integrating a literature review and qualitative data 
collection to provide a comprehensive understanding 
of the barriers to achieving an SSC in Doha. The 
literature review explored global and regional studies 
on SSC development, highlighting recurring challenges 
in economic, technological, and governance domains. 
Albreem et al., (2023) examined the adaptation of 
smart technologies in desert climates, revealing the 
critical need for robust ICT systems. Raghuvanshi and 
Sharma (2022) underscored the contextual nuances 
of smart city policies in emerging economies, stressing 
the importance of addressing region-specific barriers. 
Complementing these insights, qualitative input 
from urban planners, policymakers, and technology 
experts in Qatar provided practical perspectives on 
challenges such as governance coordination, funding 
limitations, and public engagement. Findings revealed 
interconnected barriers, including insufficient 
investment in infrastructure, fragmented policies, and 
weak enforcement mechanisms (Raghuvanshi and 
Sharma, 2022), alongside limited public awareness 
(Albreem et al., 2023). This mixed-methods approach 
combines theoretical and practical insights, offering 
a holistic understanding of the challenges facing 
Doha’s SSC transition. The results highlight the need 
for targeted interventions, emphasizing collaboration 
among stakeholders, robust policy frameworks, and 
enhanced technological and social readiness.
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Data collection techniques
Stakeholder’s interview 

Achieving an SSC in Doha is hindered by a range 
of interconnected barriers, including economic 
constraints, governance issues, and technological 
challenges. To gain a comprehensive understanding 
of these obstacles, data collection techniques 
combining a systematic review of existing research 
and stakeholder interviews were employed. The 
review identified common barriers in SSC projects, 
offering a foundation for examining Doha’s unique 
context. Similarly, Albreem et al., (2023) explored 
the impact of desert climates on smart technologies, 
revealing the critical importance of technological 
readiness and adaptability for SSC progress in Doha. 
Semi-structured interviews, a key data collection 
technique, were conducted with urban planners, 
government officials, and technology experts involved 

in Qatar’s SSC initiatives. This method provided 
an in-depth exploration of specific barriers while 
allowing participants to share practical insights into 
governance coordination issues, funding limitations, 
and public awareness gaps (Rana et al., 2019). The 
flexibility of this approach enabled stakeholders 
to elaborate on undocumented challenges and 
potential solutions. These data collection techniques 
combined with documented challenges with 
ground-level stakeholder perspectives, revealing 
recurring themes such as fragmented governance, 
weak policy enforcement, and insufficient social 
engagement. Addressing these barriers through 
targeted, informed strategies will be essential for 
Doha’s advancement toward a sustainable and smart 
urban future. The provided Fig. 4 visually represents 
the stakeholder distribution in SSC development 
research for Doha, highlighting the diverse roles each 

 

Fig. 3: The research methodology flow chart 
  

Fig. 3: The research methodology flow chart
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group plays in shaping the city’s sustainable smart 
future. From Fig. 4, it may be observed that urban 
planners form the largest segment, constituting 35% 
of stakeholders, underscoring their critical role in 
designing sustainable, livable spaces for residents and 
businesses. Policymakers, making up 30%, are pivotal 
in creating enabling environments through policy 
frameworks, incentives, and streamlined regulations 
that drive SSC development. Tech experts account for 
20% of stakeholders, contributing essential technical 
expertise to address the technological challenges 
and opportunities of SSCs. Their insights into 
emerging technologies, data analytics, and digital 
infrastructure are crucial for advancing SSC initiatives. 
Academia, representing 15% of the total, generates 
knowledge, conducts research, and educates 
future professionals in the field. Academics provide 
innovative solutions, best practices, and long-term 
policy recommendations to support SSC progress. 
The stakeholder distribution for SSC development in 
Doha, including subcategories, can be represented 
numerically as follows: Urban Planners account for 
35 individuals, with subcategories divided into City 
Development Experts (15 individuals), Environmental 
Planners (10 individuals), and Transportation 
Specialists (10 individuals). Policymakers comprise 

30 individuals, including Government Officials (15), 
Regulatory Agencies (10), and Strategic Advisors (5). 
Tech Experts total 20 individuals, distributed among 
Digital Infrastructure Experts (10), Data Analysts 
(5), and Emerging Tech Innovators (5). Academia 
includes 15 individuals, split between Researchers 
(10) and Educators (5). This allocation underscores 
the significant contributions of Urban Planners 
(35%), Policymakers (30%), Tech Experts (20%), and 
Academia (15%) to SSC initiatives. 

Data acquisition involved a systematic review of 
relevant research to identify barriers and strategies 
in SSC development. Studies such as Albreem et 
al., (2023) explored challenges in Gulf Cooperation 
Council (GCC) countries, particularly emphasizing 
technological readiness and adaptability critical to 
sustainable IoT solutions. Similarly, Rana et al., (2019) 
examined barriers to smart city development in the 
Indian context, highlighting governance coordination 
issues, funding limitations, and public awareness gaps, 
which are also relevant to Doha’s context. Additional 
insights were drawn from Randeree and Ahmed 
(2019), who emphasized the social dimensions of 
urban development in Masdar City, informing the 
role of community engagement and social inclusivity. 
Manikas et al., (2022) provided a framework for food 

 
 

Fig. 4: Stakeholder distribution in SSS development 
  

Fig. 4: Stakeholder distribution in SSS development
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security through resilient supply chains, illustrating 
sustainability considerations applicable to urban 
planning. Myers (2021) discussed urbanization 
challenges in the global south, offering a comparative 
perspective on Doha’s urban development issues. 
The method for data acquisition involved identifying 
and reviewing relevant literature based on its focus 
on SSC development challenges and solutions. This 
was achieved by systematically selecting studies 
that aligned with the research objectives, ensuring 
that each study provided valuable insights into the 
barriers and strategies that impact SSC development. 
The literature was assessed for its relevance to Doha’s 
context, drawing from research on technological 
readiness, governance frameworks, social inclusion, 
and sustainability practices in other regions. These 
studies were selected for their relevance to SSC 
challenges and solutions in comparable contexts. The 
systematic review provided a theoretical foundation, 
complemented by ground-level stakeholder 
interviews, ensuring a robust understanding of both 
documented challenges and practical insights. This 
combined approach was instrumental in addressing 
the research objectives. This approach not only 
established a theoretical foundation but also informed 
practical insights for addressing the challenges faced in 
Doha’s SSC initiatives. Understanding the distribution 
and influence of these groups enables tailored 
research efforts to address their specific needs and 
priorities. Collaboration with urban planners helps 
identify practical challenges and opportunities while 
engaging policymakers to ensure research findings 
translate into effective policies. Partnering with tech 
experts fosters innovation and technology adoption, 
and involving academics builds a strong theoretical 
foundation for long-term success. A collaborative and 
inclusive approach among all stakeholders is essential 
to achieving SSC development in Doha. 

Heatmap in SSC development
The heatmap of barriers to SSC development in 

Doha reveals differing priorities among stakeholders. 
The government and private sector view economic 
barriers as critical, focusing on financing and 
investment risks (Wei et al., 2021). Academia 
emphasizes technological challenges, while the 
community prioritizes social barriers related to public 
acceptance and engagement. Governance issues 
are a top concern for the government, highlighting 

bureaucratic inefficiencies, and the private sector 
stresses the need for regulatory stability. NGOs 
prioritize environmental barriers, focusing on 
sustainability and climate change. Regulatory 
challenges are mainly highlighted by the private 
sector, with calls for simplified processes and better 
coordination.

Analytical framework
Partial Least Squares Path Modeling (PLS-PM)

PLS-PM is a robust statistical technique used to 
analyze complex relationships between multiple 
interrelated variables, making it particularly 
suitable for SSC research. In SSC development, 
multiple factors, such as economic, technological, 
social, and governance-related barriers, are often 
interconnected, and PLS-PM is designed to handle 
these multidimensional relationships efficiently. It is 
a Structural Equation Modeling (SEM) method that 
simultaneously estimates relationships between 
multiple independent and dependent variables, 
allowing researchers to understand not only the direct 
impacts of each barrier but also the indirect impacts 
across various dimensions (Santamouris et al., 2018). 
PLS-PM can be applied in a case study on the barriers 
to achieving a sustainable smart city by systematically 
defining, estimating, and validating the relationships 
between key factors such as governance, technology, 
and sustainability. The various steps involved in PLS-
PM are

1.	 Model Specification: Define the structural 
and measurement models based on the theoretical 
framework, identifying key barriers like governance, 
technology, and sustainability.

2.	 Data Collection and Variable Definition: 
Gather data from literature and primary sources, 
defining relevant variables (e.g., governance, 
technological barriers) from studies such as Elessawy 
(2021) and Alsaeed et al., (2022).

3.	 Model Estimation: Apply PLS-PM to estimate 
relationships between the barriers, calculating path 
coefficients to assess both direct and indirect effects 
(Santamouris et al., (2018)).

4.	 Bootstrapping and Significance Testing: Use 
bootstrapping to evaluate the statistical significance 
of path coefficients, ensuring the reliability of 
identified relationships in the model.

5.	 Model Evaluation and Fit Assessment: 
Evaluate the model�s fit using R² values to measure 
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how well the variables explain the variance in the SSC 
development outcomes.

6.	 Result Interpretation: Interpret the results to 
identify the most critical barriers to SSC development, 
comparing findings with similar studies like Kumar et 
al., (2020) and Griffiths and Sovacool (2020).

7.	 Model Validation: Validate the model by 
cross-checking the findings with real-world data 
and other case studies to ensure the robustness and 
applicability of the results.

PLS-PM can be effectively applied in a case study 
on the barriers to achieving a sustainable smart city 
by following these steps: First, the structural and 
measurement models would be defined, identifying 
key barriers such as governance, technology, and 
sustainability. Next, data would be collected from 
literature and primary sources to define relevant 
variables, such as governance issues and technological 
limitations. The model would then estimate the 
relationships between these barriers, with PLS-
PM calculating both direct and indirect effects. 
Bootstrapping would be used to assess the statistical 
significance of the path coefficients, ensuring the 
reliability of the model’s results. The model’s fit 
would be evaluated using R² values, which would 
measure how well the identified barriers explain the 
outcomes of SSC development. The results would 
be interpreted to pinpoint the most critical barriers. 
Finally, the model would be validated by cross-
checking the findings with other real-world data to 
ensure robustness, providing valuable insights into 
the barriers and strategies for achieving a sustainable 
smart city.

Reliability and validity
In a case study on barriers to achieving an SSC, 

reliability and validity are essential for assessing key 
areas like Public-Private Partnerships (PPPs), SSC-
specific regulatory frameworks, community awareness 
programs, investment in green technologies, and 
enhanced governance. Reliability ensures consistent 
measurement across different projects, such as the 
effectiveness of PPPs in addressing funding gaps or 
the impact of green technologies on environmental 
goals. Validity ensures that these initiatives truly 
contribute to overcoming barriers, like simplifying 
regulatory processes (Ahmad et al., 2024), increasing 
public engagement, or fostering efficient governance. 
Together, they ensure that the findings are both 

accurate and actionable, guiding effective strategies 
for SSC development.

RESULTS AND DISCUSSION
To ensure the reliability and validity of the 

findings, the study employed robust statistical 
techniques, including Cronbach’s alpha and cross-
validation. Cronbach’s alpha assessed the internal 
consistency of responses, confirming that the data 
accurately reflected the constructs being studied. 
Cross-validation further strengthened the analysis 
by evaluating the model’s predictive accuracy 
and ensuring its applicability beyond the specific 
dataset used (Razmjoo et al., 2021). Together, these 
methods validated the robustness of the model’s 
rankings and provided confidence in the reliability 
of the results. This methodological rigor ensured 
that the findings could serve as a solid foundation 
for formulating effective policy recommendations 
to address barriers to Sustainable Smart City 
development.

Barrier identification and categorization
The development of SSCs faces barriers in economic, 

technological, social, governance, environmental, and 
regulatory areas. Addressing these challenges through 
targeted solutions such as public-private partnerships, 
technological investments, and improved governance 
can pave the way for successful SSC implementation.  
Fig. 5 highlights the distribution of SSC barriers in 
Doha, divided into six categories: Economic (25%), 
Technological (20%), Social (20%), Governance (15%), 
Regulatory (10%), and Environmental (10%). Economic 
barriers are the most significant, indicating critical 
financing and investment challenges. Technological 
and social barriers follow, emphasizing the importance 
of digital infrastructure and addressing cultural and 
workforce issues. Governance and regulatory hurdles 
reflect bureaucratic inefficiencies and unclear policies, 
while environmental barriers are relatively smaller but 
still impactful. To overcome these challenges, Doha 
should focus on economic policies, technological 
advancements, skill development, regulatory reform, 
and public awareness to enhance its SSC prospects and 
foster sustainable growth (Rajasekar et al., 2018). The 
findings from this study on the barriers to achieving an 
SSC in Doha closely align with existing research while 
also highlighting novel insights that are critical for 
advancing SSC development in the region.
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Economic barriers 
Economic barriers are identified as a major 

challenge in Doha, particularly due to the high costs 
associated with developing SSC infrastructure (Fig. 6). 
This includes significant investments in foundational 
systems such as ICT infrastructure and renewable 
energy sources, which are crucial for SSCs but are 
costly to implement in a city like Doha. Previous 
research has pointed to similar challenges in the 
Middle East, where cities often rely on imported 
technology and skilled professionals, further 
escalating costs (Neirotti et al., 2014). This study adds 
value by illustrating the interplay of these factors in 
the specific context of Doha, highlighting how budget 
limitations lead to underfunded SSC projects that 
constrain their scope and effectiveness. The novelty 
of this study lies in its focus on how financing and 
investment gaps specifically affect the scalability 
of SSC initiatives in a resource-rich city that is still 
developing its SSC framework.

Technological barriers 
Technological barriers are also a significant 

concern, particularly in terms of data security and 

the lack of sufficient technological infrastructure to 
support SSC projects (Fig. 7). The study emphasizes 
that the reliance on extensive data collection from 
residents, a hallmark of SSCs, raises cybersecurity 
risks. Similar concerns have been raised in previous 
research, where inadequate technological literacy 
and the absence of a robust technological framework 
were identified as challenges for SSC adoption 
(Manikas et al., 2022). The findings here extend 
this understanding by discussing the real-world 
implications of these technological barriers in Doha, 
where existing infrastructure is not yet capable 
of supporting the demands of a fully operational 
SSC. This study’s novel approach includes the 
identification of specific gaps in technological literacy 
among residents and administrators, which hinders 
both adoption and effective implementation.

Governance barriers 
Governance barriers were perceived as a major 

obstacle to SSC development, particularly in terms of 
overlapping authority and bureaucratic inefficiencies 
(Fig. 8). Previous research has highlighted the 
importance of governance frameworks in facilitating 

 
 

���� �� ��� ����������� �� ��� �������� �� ���� 
  

Fig. 5: The distribution of SSC barriers in Doha
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smart city projects, especially in emerging economies 
(Chu et al., 2018). The study adds depth to this by 
exploring how regulatory complexity and a lack of 
clear accountability mechanisms impede the progress 
of SSC initiatives in Doha. The novelty of this study 
lies in its exploration of the governance challenges 
from the perspective of multiple stakeholders, 
including government bodies and private sector 
actors, highlighting the systemic inefficiencies that 
often delay projects.

Social awareness barrier
The social awareness barrier emerged as another 

significant barrier. In Doha, limited public awareness 
and engagement are critical obstacles that hinder 
the adoption of SSC initiatives (Fig. 9). This study 
corroborates findings from existing literature, where 
social acceptance and public participation are pivotal 
for the success of SSC projects (Albreem et al., 2023). 
However, it introduces the additional complexity of 
cultural factors, particularly concerns about privacy 

 
 

Fig. 6: Economic barrier sub-categories impact score on SSC development 
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Fig. 7: Technological barrier sub-categories impact score on SSC development 
  

Fig. 7: Technological barrier sub-categories impact score on SSC development
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and data-sharing practices, which are integral to SSC 
functionality. This study’s novelty lies in identifying 
the specific cultural challenges in Doha, where public 
trust in technology and data-sharing practices may 
conflict with societal expectations around privacy.

Environmental barriers 
Environmental barriers in Doha’s harsh climate, 

particularly related to energy consumption for cooling 
and water scarcity, are well-documented challenges. 
This study adds to the existing body of knowledge by 

 
 

Fig. 8: Governance barrier sub-categories impact score on SSC development 
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Fig. 9: Social awareness barrier sub-categories impact score on SSC development 
  

Fig. 9: Social awareness barrier sub-categories impact score on SSC development
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highlighting the unique environmental obstacles faced 
by SSC projects in desert climates, such as the high 
costs of maintaining green spaces and infrastructure 
in an arid environment (Yousif et al., 2022). The study’s 
novel contribution is in its exploration of tailored 
solutions, such as solar-powered cooling systems and 
water-saving technologies that could mitigate some 
of the environmental challenges specific to Doha’s 
context.

Regulatory barriers
Regulatory barriers are a critical issue in Doha, with 

the study pointing out the lack of SSC-specific policies 
and the restrictive nature of current data protection 
laws. Previous studies have discussed regulatory 
challenges in emerging economies, but this research 
extends those findings by emphasizing how the 
absence of clear policies on SSC technologies, such as 
smart grids and autonomous vehicles, contributes to 
delays and inefficiencies (Santamouris et al., 2018). 
The study’s innovative approach lies in its detailed 
exploration of how regulatory gaps impede innovation, 
providing valuable insights for policymakers in Doha 
and other cities facing similar challenges. The six 
barriers identified in this study align with those found 

in previous research, its contribution lies in the specific 
context of Doha and its comprehensive exploration 
of how economic, technological, governance, social, 
environmental, and regulatory barriers interact 
to hinder the development of SSCs. By including 
diverse stakeholder perspectives, this study offers a 
more nuanced understanding of these barriers and 
provides actionable insights for overcoming them.

Heatmap in SSC development
The heatmap provides a visual representation of 

how different stakeholders perceive the severity of 
various barriers to SSC development. The heatmap 
provides a visual representation of how different 
stakeholders perceive the severity of various barriers 
to SSC development in Doha (Fig. 10). The stakeholder 
perceptions of various barriers to SSC development in 
Doha reveal distinct priorities across different groups 
are

1.	 Economic barriers are viewed as the most 
severe by the government (4.5), indicating significant 
concerns about financing, investment, and the return 
on investment in SSC projects. The private sector 
also ranks economic barriers highly (4.0), citing 
profitability, risk, and market uncertainties as key 

 
 

Fig. 10: Heatmap in SSC development 
  

Fig. 10: Heatmap in SSC development
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challenges. While economic barriers are important 
for all stakeholders, the community, academia, and 
NGOs tend to prioritize other barriers more, reflecting 
varying concerns based on their roles.

2.	 Technological barriers are considered 
most severe by academia (4.5), likely due to the 
need for continuous innovation and adaptation to 
rapidly evolving technologies (Ma et al., 2021). The 
government also views technological barriers as 
significant (4.0), particularly in terms of the need for 
supportive policies and infrastructure to facilitate the 
adoption of new technologies. The private sector and 
NGOs, while acknowledging technological barriers, 
place greater emphasis on other challenges such as 
governance or regulatory issues.

3.	 Social barriers are seen as the most severe 
by the community (4.0), emphasizing challenges in 
public acceptance, social equity, and community 
engagement. The government also acknowledges 
these issues (3.5), focusing on the importance of 
communication, public awareness, and social impact 
assessments (Manikas et al., 2022). However, private 
sector stakeholders and academia tend to prioritize 
other barriers more, reflecting a broader focus on 
economic and technological concerns.

4.	 Governance barriers are considered the 
most critical by the government (4.0), emphasizing 
challenges like bureaucratic inefficiencies, regulatory 
obstacles, and policy inconsistencies. The private 
sector also sees governance as a key challenge (3.5), 
emphasizing the need for a clear and stable regulatory 
environment (Mandeli 2019). The community and 
NGOs, while recognizing governance issues, seem to 
focus more on other types of barriers, particularly 

social and environmental concerns.
5.	 Environmental barriers are seen as most 

severe by NGOs (4.0), who are concerned with 
sustainability, climate change, and environmental 
impact assessments. The government shares this 
view (3.5), with a focus on the importance of 
robust environmental regulations and sustainable 
development practices (Luthra et al., 2016). The 
private sector and academia, though recognizing 
environmental challenges, place less emphasis on 
them compared to governance or technological 
barriers.

6.	 Regulatory barriers are perceived as the 
most severe by the private sector (4.0), emphasizing 
the need for simplified regulations and streamlined 
procedures. The government also ranks regulatory 
barriers as significant (3.5), with a need for regulatory 
reform and better coordination across agencies (Lee 
et al., 2014). Community members and academics, 
however, tend to prioritize other barriers, reflecting 
their different concerns and roles in the SSC 
development process.

From Fig. 10, it may be observed that by mapping 
the responses of urban planners, policymakers, tech 
experts, and academics, the heatmap highlights key 
areas where stakeholders agree on the challenges to 
be addressed and where their perceptions diverge. 
Ma et al. (2021) emphasize the role of IoT in waste 
management and the associated challenges, which 
may be reflected in the heatmap as a significant issue 
for tech experts, who are more likely to experience the 
technical difficulties of implementing such systems. 
The heatmap may reveal that financial constraints, 
including limited funding for infrastructure and 

Table �� �arriers and Solu�ons in SSC Development Using PLS-PM Analysis 
 
 

�arrier Category Proposed Solu�on E�pected Impact 
Economic Public-Private Partnerships Reduced financial burden on government, increased innova�on and

e�per�se from private sector partners 
Technological Investment in ICT and Green

Technologies 
Improved digital infrastructure, enhanced cybersecurity, greater capability to 
manage environmental constraints 

Social Community Awareness and Engagement
Programs 

Increased public support and engagement. reduced resistance to SSC
projects 

Governance Establishment of SSC Coordina�on �ody�e�er inter-departmental collabora�on, and streamlined decision-making 
increased project management efficiency 

Environmental Use of Climate-Specific Technologies Reduc�on in cooling costs, sustainable water use, be�er adapta�on to harsh
environmental condi�ons 

Regulatory Development of SSC-Specific Legal
Framework 

Streamlined approvals, reduced legal challenges, increased ability to
implement and manage SSC ini�a�ves seamlessly 

 
  

Table 2: Barriers and Solutions in SSC Development Using PLS-PM Analysis
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innovation, are perceived as a significant challenge 
across urban planners, policymakers, and tech experts 
(Albreem et al., 2023). This is likely to resonate 
strongly with urban planners and policymakers, 
who must balance the need for sustainable urban 
growth with Doha’s unique environmental context. 
By analyzing this heatmap, researchers can better 
understand how each group prioritizes the barriers to 
SSC development in Doha, facilitating more targeted 
interventions that address the specific concerns 
of each stakeholder group. This visual tool also 
underscores the complex, multi-dimensional nature 
of SSC development, where different barriers impact 
stakeholders in varying ways, emphasizing the need 
for a coordinated, cross-disciplinary approach to 
overcome these challenges.

Partial Least Squares Path Modeling
PLS-PM’s suitability for SSC research stems from 

its ability to handle both reflective and formative 
measurement models, which are critical for 
understanding the various constructs involved in 
SSC development. Table 2 describes various barriers 
to SSC development that are addressed through 
targeted solutions. These solutions are expected 
to have significant impacts, including enhanced 
collaboration, reduced financial burdens, and 
improved public engagement.

Reflective models measure constructs such as 
citizen engagement, technology readiness, or policy 
effectiveness, where the observed indicators reflect 
the latent variable. Formative models, on the other 
hand, measure constructs where the indicators 
contribute to the formation of the latent variable, 
such as economic development, technological 
readiness, or environmental resilience (Santamouris 
et al., 2018). Given that SSCs involve a combination of 
both types of constructs, PLS-PM provides flexibility 
in modeling these complex relationships. PLS-PM 
is an invaluable tool for analyzing and addressing 
the multifaceted barriers to SSC development. 
By providing a comprehensive, data-driven 
understanding of the interrelationships between 
economic, technological, social, and governance 
factors, PLS-PM allows researchers to identify the 
most significant challenges and prioritize solutions. 
Santamouris et al., (2018) highlighted environmental 
resilience as a critical factor, showing a formative 
relationship with a coefficient value of 0.60, reflecting 

its role in driving long-term sustainability. This study 
differs from previous research by incorporating a 
more holistic framework that integrates both direct 
and indirect impacts of economic, governance, 
technological, and environmental barriers while 
emphasizing the interplay between these factors 
in urban ecosystems. Additionally, it highlights the 
dynamic interdependencies between governance 
and other barriers, offering deeper insights into their 
combined influence on SSC outcomes. In this study, 
the application of PLS-PM highlighted the centrality 
of financial and governance barriers, providing a 
strategic roadmap for addressing the obstacles to SSC 
success. The results align with previous findings that 
economic and governance factors have both direct 
and indirect effects on SSC performance (Santamouris 
et al., 2018). The flexibility and sophistication of 
PLS-PM make it an indispensable technique in SSC 
research, particularly when dealing with complex 
urban systems that require multidimensional analyses 
to foster sustainable urban growth. By capturing the 
intricate relationships between various barriers, PLS-
PM not only aids in identifying root causes but also 
helps design targeted interventions for achieving 
sustainable smart cities. 

Reliability and validity
In the context of SSCs, it is essential to ensure 

the reliability and validity of the strategies 
being implemented. This involves evaluating the 
effectiveness of proposed solutions through a 
combination of policy recommendations and 
expected outcomes. Table 3 summarizes key 
recommendations, their descriptions, and expected 
outcomes, with relevant studies supporting the need 
for these solutions.

To ensure the reliability and validity of these 
recommendations, various studies have highlighted 
the importance of these strategies in overcoming the 
unique challenges faced by SSCs. Similarly, Ahmad 
et al., (2024) highlighted cyber security risks within 
SSC environments, suggesting the development 
of specific regulatory frameworks to mitigate risks 
associated with data-sharing and infrastructure 
management. Public engagement is also critical, as 
Meijer and Bolívar (2016) noted that community 
awareness and adoption are crucial to overcoming 
resistance to smart city initiatives, aligning with the 
proposed recommendation for public education 
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programs. Finally, Ma et al. (2021) focused on the 
need for enhanced governance and coordination 
to tackle the complexities of waste management in 
smart cities, which can be supported by a dedicated 
SSC governance body, ensuring streamlined decision-
making and effective project implementation.

Comparison of SSC initiative in Doha and Abu Dhabi
The comparison of SSC initiatives between 

Doha and Abu Dhabi highlights notable disparities 
in key areas, emphasizing the need for targeted 
improvements in Doha (Fig. 11). From Fig. 11, it 
may be observed that Abu Dhabi’s higher score in 
the regulatory framework (4 compared to Doha’s 
3) reflects its more streamlined legal environment, 
facilitating smoother implementation of SSC projects. 
Public awareness in Doha (2.5) also lags behind Abu 
Dhabi (3.5), underscoring the need for enhanced 
education and engagement strategies to gain citizen 
support for smart city initiatives. Technological 
readiness presents a significant challenge, with Doha 
scoring 2.8 against Abu Dhabi’s 4.2, reflecting the 
latter’s superior digital infrastructure and adoption 
of emerging technologies. Additionally, Abu Dhabi’s 
public-private partnerships (PPP) model scores 
4.5 compared to Doha’s 3.5, demonstrating its 
ability to leverage private sector resources for SSC 
development. Razmjoo et al., (2021) highlight that 
effective PPPs are essential in overcoming barriers, 
with Abu Dhabi utilizing these models to boost 
technological integration. Wei et al., (2021) report 
that cities with effective PPP frameworks score 
an average of 3.8 for technological adoption and 
sustainability, with Abu Dhabi surpassing this global 
benchmark, further emphasizing the importance of 

such collaborations in smart city development.  To 
achieve comparable progress, Doha must prioritize 
regulatory reforms, increase public awareness, invest 
in technological upgrades, and foster robust PPP 
frameworks. These measures are crucial for Doha’s 
sustainable urban growth and SSC advancement. 
Doha’s path to becoming an SSC faces unique 
challenges rooted in its hydrocarbon-based economy 
and rapid urbanization. Transitioning to a knowledge-
driven economy requires substantial structural 
change, which has been a critical obstacle (O’Neill 
and Green, 2021). Unlike Abu Dhabi, which has more 
modern urban infrastructure, Doha needs significant 
upgrades before advanced SSC technologies can be 
introduced. This study highlights the importance of 
a phased approach, first strengthening foundational 
infrastructure before deploying advanced systems, 
a challenge less pronounced in Abu Dhabi. 
Environmental factors, such as high temperatures 
and water scarcity, complicate SSC initiatives in Doha. 
The city faces challenges in cooling infrastructure and 
sustainable water management, requiring tailored 
solutions like solar-powered cooling systems. The 
study contributes by addressing these specific 
climate-related barriers and proposing innovative 
solutions that are not extensively covered in broader 
research. 

A comparative analysis of SSC initiatives in 
Doha and Abu Dhabi reveals differences in key 
areas. Regulatory Frameworks show both cities are 
progressing, but Abu Dhabi leads in developing SSC-
specific policies. Doha’s lack of such policies hampers 
the adoption of smart technologies like autonomous 
vehicles, a novel insight of this study. Public Awareness 
is higher in Abu Dhabi, reflecting more investment in 

Table �� �ey recommenda�ons, their descrip�ons, and expected outcomes in SSC development 
 
 

Policy Recommendation Description Expected Outcome 
PPPs Collaborate with the private sector to fund and 

implement SSC projects 
Increased funding, accelerated project rollout, 
access to private sector expertise 

SSC-Specific Regulatory 
Framework 

Develop laws and policies that support SSC 
infrastructure and data-sharing requirements 

Streamlined project approval, legal support for data-
driven systems, and reduced regulatory hurdles 

Community Awareness 
Programs 

Initiate public education campaigns, workshops, and 
forums 

Increased public awareness, higher citizen 
engagement, and improved acceptance of SSC 
initiatives 

Investment in Green 
Technologies 

Focus on technologies suitable for desert climates, 
e.g., solar-powered cooling and water-saving 
systems 

Cost-effective solutions for environmental 
challenges, reduced dependency on non-renewable 
resources 

Enhanced Governance and 
Coordination 

Establish a dedicated SSC governance body to 
oversee and coordinate projects 

Improved inter-agency collaboration, accountability, 
and consistency in SSC policy implementation 

 

Table 3: Key recommendations, their descriptions, and expected outcomes in SSC development
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public education, while Doha faces cultural barriers 
related to data-sharing and trust, as noted by Wuni et 
al., (2023) in the context of industrialized construction 
projects, where public trust and awareness play a key 
role in the successful implementation of technology. 
The study uniquely addresses these barriers by linking 
cultural factors to public awareness of SSC adoption. 
Regarding Technological Readiness, Abu Dhabi’s 
advanced digital infrastructure gives it an edge, 
whereas Doha struggles with technological literacy 
and infrastructure gaps, which are crucial challenges 
identified in Yousif et al., (2022) in the context of 
construction industry readiness, highlighting that 
technological gaps can delay or hinder the integration 
of modern technologies into existing systems. 
This study emphasizes the need for digital literacy 
investments to overcome these challenges. Both cities 
excel in Public-Private Partnerships (PPP), with Abu 
Dhabi slightly ahead, supporting the view that PPPs 
are essential for SSC success. This study compares 
PPP models in both cities and suggests ways for Doha 
to enhance these partnerships. While Doha and Abu 
Dhabi share common challenges in SSC development, 
this study’s novelty lies in its detailed exploration 
of Doha’s specific barriers, such as its economic 
structure, infrastructure needs, and cultural factors. 

 
 

Fig. 11: Comparison of SSC initiatives between Doha and Abu Dhabi 
  

Fig. 11: Comparison of SSC initiatives between Doha and Abu Dhabi

By offering tailored recommendations, it provides a 
roadmap for overcoming obstacles and advancing 
SSC initiatives in the region.

Comparison of SSC development barrier in Doha and 
Abu Dhabi

The comparison of SSC development barriers 
between Doha and Abu Dhabi underscores distinct 
challenges faced by each city (Fig. 12). From Fig. 
12, it may be noted that economic barriers are 
significantly higher in Doha (9) compared to Abu 
Dhabi (7.5), reflecting Doha’s greater reliance 
on hydrocarbon revenues and the higher costs 
associated with transitioning to a diversified 
knowledge economy. Technological barriers are equal 
(8 for both cities), suggesting shared challenges in 
upgrading infrastructure and integrating advanced 
SSC technologies. Governance issues are slightly 
more pronounced in Doha (8) than in Abu Dhabi (7), 
indicating a need for streamlined decision-making 
and enhanced inter-departmental coordination in 
Doha. Social barriers, including public awareness 
and cultural acceptance, are higher in Doha (6.5) 
compared to Abu Dhabi (6), highlighting the need 
for more robust community engagement programs. 
Environmental challenges show a similar pattern, 
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with Doha scoring 6 against Abu Dhabi’s 5.5, reflecting 
the unique environmental conditions in the region, 
such as heat and water scarcity. Regulatory barriers 
are identical (6), suggesting that both cities face 
comparable challenges in creating supportive legal 
frameworks for SSC implementation. This analysis 
highlights Doha’s need to address economic and 
governance barriers as priorities while also tackling 
shared challenges in technology, environment, and 
regulations.

The comparison of SSC development barriers in 
Doha and Abu Dhabi reveals several key insights, with 
both cities facing similar challenges but with varying 
degrees of impact. Technological Barriers were rated 
as the highest in both cities, with Doha scoring 8.5 
and Abu Dhabi 8, highlighting the shared difficulty 
in keeping up with technological advancements and 
integration into urban infrastructure. This is consistent 
with the observation that both cities are grappling 
with the need to upgrade and modernize their ICT 
systems to meet the demands of sustainable smart 
city development. Technological readiness is crucial 
for SSC success, and while both cities have made 
progress, they face similar obstacles in implementing 
cutting-edge technologies that will shape their future 
urban landscapes. Regulatory and Governance 
Barriers were also significant in both cities, with 

ratings ranging from 6 to 7. This reflects challenges 
such as bureaucratic inefficiencies, inconsistent 
policies, and unclear regulatory frameworks that slow 
the pace of SSC development (Rana et al., 2019). In 
both Doha and Abu Dhabi, regulatory environments 
need to be streamlined, and governance structures 
need to be strengthened to foster more agile decision-
making and policy implementation. These barriers 
are a common theme in urban transformation efforts, 
especially when transitioning from traditional systems 
to smart, sustainable urban frameworks. Economic 
and Social Barriers were rated somewhat lower, 
suggesting that while they are important, they are not 
as critical as technological and governance challenges 
(Randeree and Ahmed, 2019). Economic barriers, 
such as the need for substantial investment and the 
transition from a hydrocarbon-based economy to a 
knowledge-driven one, remain a concern, but they 
were considered less urgent than technological or 
regulatory issues (O’Neill and Green, 2021). Social 
barriers, such as public awareness and acceptance 
of smart city initiatives, were similarly rated lower, 
indicating that while public engagement is necessary, 
it is not as pressing as the need for infrastructural 
and technological development. Environmental 
Barriers were rated the lowest, reflecting the 
perception that while environmental sustainability 

Fig. 12: Comparison of SSC development barriers between Doha and Abu Dhabi
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remains a significant consideration, it does not 
pose as immediate a challenge as other factors like 
technology or governance (Alsaeed et al., 2022). From 
the comparison it may be noted that both cities share 
common barriers to SSC development, Doha appears 
to face slightly higher technological and governance 
challenges, while Abu Dhabi is slightly ahead in 
terms of regulatory readiness and public awareness. 
The findings underscore the need for both cities to 
focus on digital infrastructure, regulatory reform, 
policy coherence, and capacity building to address 
these barriers effectively. By doing so, both cities can 
overcome their respective challenges and accelerate 
their journey towards becoming fully SSC.

Contextual challenges in Doha
Doha’s transition to an SSC faces several local 

challenges:
1. Reliance on a hydrocarbon-based economy: 

Doha’s economy, largely dependent on hydrocarbons, 
requires significant structural changes to transition to 
a knowledge-driven economy central to SSCs. This shift 
demands policy reforms, workforce development, 
and a focus on technology and innovation (O’Neill 
and Green, 2021).

2. Pressure from rapid urbanization: The city’s rapid 
urbanization places strain on existing infrastructure, 
requiring upgrades before SSC technologies can be 
implemented. A phased approach is necessary to first 
enhance foundational systems before introducing 
advanced smart technologies. 

3. Environmental challenges: Extreme heat and 
water scarcity in Doha necessitate energy-efficient 
cooling and advanced water management solutions. 
Technologies like desalination and wastewater 
treatment are essential to ensuring sustainable urban 
development. 

4. Phased approach: A gradual, phased approach 
to SSC development is crucial. Strengthening core 
infrastructure (e.g., energy, transport) must precede 
the integration of advanced smart technologies such 
as AI and smart grids. 

5.	 Technological and societal adaptation: 
Successful SSC adoption also requires societal 
engagement and public education. Raising awareness 
and addressing concerns about data security and 
privacy are critical for ensuring citizen acceptance 
and participation. 

Addressing these challenges will allow Doha to 

develop a sustainable, technologically advanced 
urban future.

Recommendations
This study recommends fostering public-private 

partnerships, adapting regulatory frameworks, 
promoting community engagement, and investing 
in green technologies to overcome Doha’s SSC 
barriers. Additionally, strengthening governance 
and coordination across departments is crucial for 
successful SSC implementation. Based on these 
identified barriers, the study suggests the following 
policy recommendations for Doha’s transition to an 
SSC:

1.	 Fostering public-private partnerships (PPPs): 
Encouraging PPPs can help Doha attract foreign 
investment and leverage private sector expertise to 
accelerate the development of SSCs. Collaborative 
projects between government and private firms, 
particularly in ICT infrastructure, can help distribute 
financial burdens and foster innovation (Mirzaee and 
Sardroud, 2022).

2.	 Developing SSC-specific regulations: 
Regulatory frameworks should be tailored to support 
SSC development, including policies that incentivize 
renewable energy, establish data-sharing protocols, 
and protect data privacy. Clear SSC-specific policies 
will streamline project approvals, build stakeholder 
trust, and enhance overall project efficiency. 

3.	 Promoting community engagement and 
awareness: Initiating community programs can 
increase public understanding and acceptance of SSC 
technologies. Workshops, information campaigns, 
and public forums can address privacy concerns, raise 
awareness of the benefits of SSCs, and encourage 
active citizen participation (Hammar et al., 2011).

4.	 Investing in green technologies for resource 
management: Doha should prioritize investments 
in green technologies that are well-suited for its 
desert climate. Solutions such as solar-powered 
cooling, efficient water recycling systems, and 
drought-resistant landscaping can help manage 
environmental challenges and enhance sustainability 
in SSC development (Lee et al., 2014).

5.	 Enhancing governance mechanisms: 
Improving coordination across government agencies 
can streamline SSC projects, reducing delays 
caused by bureaucratic complexity. Establishing 
an SSC governing body to oversee initiatives will 
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ensure alignment, accountability, and efficient 
implementation across various departments (Chu et 
al., 2018).

These recommendations address Doha’s unique 
challenges by focusing on key areas such as public-
private partnerships, regulatory frameworks, 
community engagement, and green technologies. 
They aim to create a strong foundation for SSC 
initiatives, ensuring successful implementation 
through effective governance, digital infrastructure, 
and sustainable solutions that enhance public trust, 
quality of life, and environmental resilience.

Future scope of the study
Future research on Doha’s transition to an SSC 

should focus on tracking the long-term impacts of 
SSC projects, comparing Doha’s progress with other 
GCC cities, and exploring emerging technologies 
for better governance and sustainability. Studies on 
citizen-centric design, climate adaptation, economic 
models, and evolving policies will also be crucial for 
optimizing SSC development. The key focusing areas 
are as follows.

1. Longitudinal analysis: Track the long-term 
progress and outcomes of SSC projects, assessing 
the impact of policy and technological advancements 
on sustainability, citizen engagement, and economic 
growth.

2. Comparative studies across GCC cities: Compare 
SSC development in Doha with other GCC cities to 
identify shared challenges, opportunities, and best 
practices for accelerating urban transformation.

3. Integration of emerging technologies: 
Investigate how technologies like AI, blockchain, and 
IoT can enhance governance, security, and efficiency 
within Doha’s SSC framework.

4. Citizen-centric design: Explore participatory 
urban planning to improve community involvement 
and address citizens’ needs, especially regarding 
privacy, inclusivity, and equitable resource access.

5. Environmental impact and climate adaptation: 
Focus on developing solutions for resource 
management in Doha’s extreme climate, such 
as new green technologies for water and energy 
conservation.

6. Economic models and funding mechanisms: 
Study financial models, especially Public-Private 
Partnerships (PPPs), to assess the feasibility and 
impact of funding mechanisms for SSC projects.

7. Policy and regulatory evolution: Examine how 
Doha can evolve its policies and regulations to support 
technological innovations and global competitiveness 
in SSC development.

These research avenues will provide valuable 
insights for Doha’s SSC transformation, addressing 
its unique challenges while enhancing sustainability 
and innovation. By focusing on long-term impacts, 
emerging technologies, citizen-centric design, climate 
adaptation, economic models, and evolving policies, 
researchers can offer actionable strategies to refine 
development, improve community engagement, 
ensure environmental resilience, and overcome 
financial barriers, ultimately supporting Doha’s 
transition to a sustainable and smart city.

CONCLUSION
This research identifies key barriers hindering 

Doha’s transition into an SSC, including economic 
limitations, technological readiness, governance 
challenges, and social awareness. Economic 
barriers, such as high infrastructure costs, reliance 
on imported technologies, and limited funding, 
pose significant challenges for implementing and 
maintaining the advanced ICT systems necessary 
for SSCs. Technologically, Doha’s infrastructure is 
not fully equipped to meet the demands of SSC 
technologies, and there is a need to upgrade digital 
systems and enhance technological literacy among 
residents and administrators. Governance issues, 
like overlapping authorities and bureaucratic 
inefficiencies, further complicate SSC development, 
necessitating streamlined regulations and clearer 
accountability. Social awareness also plays a critical 
role, as public understanding and trust are essential 
for the adoption of SSC initiatives. Additionally, 
environmental barriers, including water scarcity and 
energy consumption, add to the complexity of SSC 
development in Doha. To overcome these challenges, 
future research should focus on developing tailored 
strategies, including fostering public-private 
partnerships, regulatory reforms, and technological 
innovations. Investigating the socio-economic impacts 
of SSC development will be crucial for ensuring 
equitable access to services and enhancing public 
participation. By addressing these barriers, Doha can 
advance its vision of becoming a leading SSC hub in 
the region. The study highlights the distribution of 
key barriers to SSC development in Doha: economic 
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(25%), technological (20%), social (20%), governance 
(15%), regulatory (10%), and environmental (10%). 
Economic barriers are the most significant, followed 
by technological challenges such as data security 
and infrastructure gaps. Social barriers stem from 
limited public awareness and cultural concerns, while 
governance issues involve bureaucratic inefficiencies. 
Regulatory barriers relate to outdated policies, and 
environmental barriers focus on climate-related 
issues. Stakeholder perceptions reveal varying views 
on these barriers, with the government and private 
sector seeing economic barriers as most severe, while 
academia emphasizes technological challenges. The 
community prioritizes social barriers, and governance 
issues are critical for both the government and the 
private sector. Environmental concerns are most 
severe for NGOs, and regulatory barriers are a key 
concern for the private sector. When comparing 
SSC development in Doha and Abu Dhabi, the study 
reveals significant differences. Doha lags in regulatory 
frameworks (Doha 3, Abu Dhabi 4), public awareness 
(Doha 2.5, Abu Dhabi 3.5), and technological 
infrastructure (Doha 2.8, Abu Dhabi 4.2). Abu Dhabi 
also outperforms Doha in public-private partnerships 
(Doha 3.5, Abu Dhabi 4.5). Additionally, Doha faces 
more significant economic (Doha 9, Abu Dhabi 7.5) and 
governance (Doha 8, Abu Dhabi 7) barriers, primarily 
due to its reliance on hydrocarbons and bureaucratic 
inefficiencies. Both cities share technological (8) and 
regulatory (6) challenges. Doha also faces higher 
environmental (Doha 6, Abu Dhabi 5.5) and social 
(Doha 6.5, Abu Dhabi 6) barriers, highlighting the 
need for tailored solutions. Addressing economic and 
governance barriers should be a priority for Doha as it 
seeks to advance SSC development and close the gap 
with Abu Dhabi.
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