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ABSTRACT  
Purpose of the study: Public-private partnerships (PPPs) contractual agreements between a private sector 
organisation and a government entity to jointly provide infrastructures and services are critical to address urban 
infrastructure and services gaps. Embedding Information Communication Technologies(ICT) into PPPs urban 
projects—smart cities is also considered critical. These partnerships are risk-inherent, requiring a risk 
management framework that can serve as a tool to guarantee successful smart city project delivery. What 
constitutes successful PPP smart city projects remains contentious since previous studies have not adequately 
identified the indicators for measuring and managing their success. Therefore, this study rides on the extension 
of previous studies and seeks to enhance key success indicators of a risk management framework for managing 
and measuring successful PPP smart city projects.  
Design/methodology/approach: A literature review was conducted to extend the guiding criteria of success 
indicators provided in previous studies to arrive at the enhanced key success indicators of a risk management 
framework. Smart city dimensions and criteria were deduced from literature and embedded in the framework. 
The enhanced key success indicators were also embedded in the framework and tested empirically through a 
quantitative approach. A descriptive analysis was performed to determine their application in managing and 
measuring contemporary PPP smart city projects. 
Findings: The responses to the survey confirmed the Enhanced Key Success Indicators of a Risk Management 
Framework for PPP Smart City Projects. 
Recommendations/value: To manage and measure successful PPP smart city projects, stakeholders should 
pay attention to project budget/cost, project schedule,  intelligent communication technologies(digitalisation of 
the city), and risk management. 
Managerial implications: These Enhanced Key Success Indicators and their guiding criteria could contribute 
to addressing the gaps between current and premium practices of managing risks and measuring successful 
PPP smart city initiatives to address cities' infrastructures and services challenges.               
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1. INTRODUCTION 
The risk management field is emerging in many disciplines worldwide as a result of an 

increased number of failed or distressed PPP smart city projects. These distressed projects 

have been allied to deficient risk management practices. Singh and Lano (2014) affirmed that 

risk management failure causes PPP projects to fail. For instance, the Hydropower PPP 

project in Uganda at Bujagali had a cost overrun of $50m due to the geotechnical risks that 

occurred and inadequate risk management practices in addressing the risks (Yescombe, 

2017). The Ghana-STX Building PPP Project, a $10 billion housing project, failed due to 

political risk, unstructured financial planning, and other failure factors (Okereke, 2017). The 

Mbombela PPP Smart Water project in South Africa also failed partially in the early stages of 

the concession due to risk management failure (Yescombe, 2017). Otairu et al. (2014) affirmed 

that poor risk management practices have caused streams of scandals and poor performance 

in PPP smart city projects. Therefore, it appears that a haphazard risk management approach 

causes PPP smart city project failures. A haphazard approach to risk management in PPP 

smart city projects can be deduced from the absence of an effective risk management 

framework. As such, Young (2018) concluded that organisations should strive to embed an 

effective risk management framework into their processes for addressing risks in a structured 

manner to ensure project success. However, what constitutes a distressed, failed, or 

successful PPP smart city project remains a bold contention among stakeholders (Osei-Kyei 

et al., 2017). For instance, governments often assess project success or failure based on the 

government’s political purpose and governance strength of the smart city project rather than 

using utilitarian physiognomies (Hodge & Greve, 2016). Given this context, using enhanced 

key success indicators for managing and measuring successful PPP smart city projects is 

critical to resolving the above-mentioned contention. As such, it has triggered increased 

research in the last decade in the area of key success indicators for managing and measuring 

successful PPPs and smart cities. These researches include new key performance indicators 

for a smart sustainable city  (Hara et al. 2016), lifecycle performance measurement of PPPs 

(Bao et al., 2018), performance indicators of PPPs in Bangladesh, an implication for 

developing countries (Hossain et al., 2018); key success indicators for PPP Projects (Liang & 

Jia, 2018); critical success criteria for PPPs (Osei-Kyei et al., (2017); key performance 
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indicators for PPP projects (Yuan et al., 2012). The above-mentioned normative pieces of 

literature unleash knowledge about the indicators for managing and measuring successful 

projects, yet these indicators and their guiding criteria seem inadequate, causing smart city 

projects to fail. Thus far, enhancing these indicators and their guiding criteria is crucial for 

delivering successful PPP smart city projects. 

Therefore, the objective of this review paper is to enhance the success indicators of a risk 

management framework for PPPs, as well as expand their scope and guiding criteria to 

function as a mechanism to better manage and measure successful PPP smart city projects. 

Additionally, the study aims at determining and embedding the dimensions and criteria of 

smart city projects into the enhanced key success indicators of a risk management framework 

for successful PPP smart city project delivery. As such, the research questions are: what are 

the enhanced key success indicators of a risk management framework, and what are their 

guiding criteria? What is the relevance and current practice of these enhanced key success 

indicators in public and private sector organisations in delivering smart city projects? A 

literature review is dealt with to address the research questions, which can be used to derive 

the potential enhanced key success indicators (EKSI) of the risk management framework, as 

well as the dimensions and criteria of smart cities. The EKSI, dimensions, and criteria of smart 

cities will be subjected to empirical testing to confirm their relevance and practice in PPP smart 

city projects. The literature on the above-mentioned concepts is briefly discussed in the next 

section.  

2. LITERATURE REVIEW 
The next section provides the state-of-the-art literature regarding the dimensions of smart 

cities, key success indicators and their guiding criteria, and risk management framework.   

2.1 Definitions and concepts of dimensions of smart city projects 

The concept of a smart city encapsulates the integration of intelligent communication 

technologies (ICT), digitalisation, internet of things, big data management, and other electronic 

management facets into the soft and hard infrastructure of cities for efficient urban operations 

and services while meeting the socio-cultural, economic, and environmental needs of present 

and future generations (International Telecommunication Union, 2015). The smart city concept 

compresses embedding physical, digital, and human systems into delivering a sustainable, 

prosperous, and inclusive future for citizens (ESPRESSO, 2022). The ICT criteria that can be 

embedded into infrastructure and services have been discussed profoundly in Section 2.4.7 

of this study. However, they are not limited to the Internet of Things (IoT), artificial intelligence, 

big data management (BDM), cloud computing, and mobile computing. An efficient smart city 

can be achieved by creating digitalised infrastructure and service delivery through smart city 
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dimensions. The smart city dimension involves any sector of the urban economy in which ICTs 

can be integrated for efficient project delivery and operation. The smart city dimensions include 

a smart grid for energy efficiency and distribution, smart roads and buildings, digitised city 

infrastructure and material flows, smart ports, intelligent transportation systems, smart traffic 

management, smart-available charging stations for electric cars, smart healthcare, smart 

wastewater treatment and distribution, smart education, smart technology, smart security, and 

privacy, smart citizens and governance (Heaton & Parlikad, 2020; Apanaviciene et al., 2020). 

The above-mentioned dimensions ensure the integration of ICTs in delivering and operating 

the city’s projects. The smart city dimensions can be implemented through project delivery by 

adapting a PPP modality such as design, finance, build, own, operate, and transfer 

(DFBOOT). The smart city dimensions in terms of PPP project delivery are not risk-free; 

hence, they should be subjected to the enhanced key success indicators of the risk 

management framework for managing and measuring the success of PPP smart city projects. 

As such, the conceptual expositions of the enhanced key success indicators are briefly 

discussed in the next section. 

2.2 Definitions and conceptual expositions of enhanced key success 
indicators   

KSIs are qualitative and quantitative indicators that are used to manage and measure how 

PPP projects' objectives have been achieved. According to Yescombe (2017), PPPs can be 

regarded as an agreement between a government and private sector entity to jointly provide 

socio-economic infrastructure and services, where risks are shared or allocated to the party 

that has the best capacity to manage them. Parties struggle to manage risks in PPPs, which 

has caused some PPP smart city projects to fail. As such, PPP smart city projects’ success or 

failure has been contentious among stakeholders due to inadequate success indicators and 

the haphazard approach to managing risks as well as measuring successful projects (Koops 

et al., 2017). Therefore, enhanced KSIs have emerged as a contemporary discourse when it 

comes to managing and measuring successful PPP smart city projects. For instance, Liang 

and Jia (2018) recommended that KSIs should be regarded as instruments for evaluating the 

success of projects. Yuan et al. (2012) affirmed that PPP smart city projects are risk-inherent; 

therefore, to guarantee a successful project delivery, indicators should be used to deal with 

their risks and measure their success, respectively. As such, KSIs could be considered critical 

in supporting organisations to concentrate on the project milestones and deliverables without 

the risk of cognitive bias in project delivery. Therefore, using the proposed enhanced KSIs to 

deal with risks and measure successful projects could contribute towards advancing 

organisational processes to safeguard PPP smart city project success. Therefore, the next 
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section provides the theoretical framework for determining the enhanced KSIs of a risk 

management framework and their guiding criteria for PPP smart city projects. 

2.3 Theoretical foundation of a risk management framework  

A framework represents central ideas and concepts from theories, key findings from research, 

policy statements, and other professional standards that guide project implementation 

(Shikalepo, 2020). A risk management framework can be considered as an integrated 

organisational process asset, enterprise environmental factors, tools, techniques, strategies, 

policies, philosophies, principles, inputs, and outputs for managing risks in PPP smart city 

projects. As such, a risk management framework should be deep-seated in the organisations’ 

management processes to safeguard successful project delivery. Defining the components of 

risk management is critical for developing a risk management framework. As such, a classical 

risk management framework should include risk governance, risk culture, and a risk 

management process (Young, 2018). The components of a risk management framework 

consist of risk management processes, risk management principles, risk governance, values, 

and culture (Kruger et al., 2020; Jackson, 2015). Chapman (2011) and Meyer et al. (2017) 

argued that critical components of a typical risk management framework include risk 

management standards, guides, and axioms. To identify the enhanced KSIs of a risk 

management framework, the next section discusses each of the above-mentioned 

components. 

2.3.1 Risk management governance 

The project governing committee should steer risks to support the overall strategic objectives 

of the organisation (King IV, 2016). Effective risk governance depends on the three lines of 

defence for a successful PPP smart city project delivery. Young (2020) affirmed that effective 

implementation of internal policies, structures, and control measures for addressing the project 

risks largely depends on the three lines of defence. Smart business management is the first 

line of defence, smart risk management is the second line of defence, and smart internal audit 

is the third line of defence. Briefly, smart risk owners that comprise frontline staff are the first 

line of defence entrusted with the responsibility of directing, identifying, assessing, mitigating, 

and controlling risk exposures associated with the smart city project quality, cost, schedule, 

scope, and resources (Mabwe et al., 2017). Young (2020) affirmed that when the responsibility 

of identifying and addressing risks is entrusted in the hands of the first line of defence, the 

project can be delivered within the prescribed risk appetite statements. The second line of 

defence focuses on risk compliance measures regarding regulations, standards, risks, 

reliability, safety and resilience, quality control and assurance, and the fiscal and non-fiscal 

discipline of the organisation to safeguard successful PPP smart city project delivery (Mabwe 
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et al., 2017). The second line of defence monitors the risk policies, risk appetite statements, 

and mitigation measures that the first line of defence must implement. Bin-Ibrahim (2016) 

mentioned that the third line of defence is a pillar of organisational resilience and independent 

internal audit that controls (a risk-based approach) operational activities to prevent financial 

losses. The Chartered Institute of Internal Auditors (CIIA), 2017) reports that the third line of 

defence should audit, evaluate, and examine the quality of the risk management processes 

system and report directly to the top management for risk-informed decisions. Thus far, 

auditing and reporting should be inseparable parts of the risk management process to ensure 

the effectiveness of the risk responses in PPP smart city projects. The project governing 

committee should exhibit headship and commitment to providing resources to complete every 

task of the work breakdown structures (The International Standard Organisation (ISO 31000, 

2018). Berssaneti and Carvalho (2014) expatiated that providing resources just in time (JIT) 

is critical to ensure success since, without resources, the task in the work breakdown 

structures cannot be completed, consequently causing project delays, cost overrun, and 

failure. The project governing body should determine how to manage the project costs, 

schedule, and scope to guarantee the success of the smart city project. Corina (2013) 

indicated that estimating the project cost suitably influences project success, as under-costing 

can halt the project's progress and subsequently cause project failure. Bloch et al. (2012) 

expatiated that project duration overrun alone causes at least 11 percent of overall project 

failures. Singh and Lano (2014) contended that the project scope statement is a hypercritical 

factor that also stimulates successful PPP smart city projects. However, an inaccurate scope 

statement of work, poor requirement collection, functional and technical requirements, 

specifications, and forecasting can trigger smart city project budget undercast to cause project 

failure since there is no proper basis for cost estimation. Therefore, the project team should 

use the stakeholder register, project charter, enterprise environmental factors, and 

organisational process assets as inputs, as well as expert judgment, meetings, interviews, and 

observations as tools and techniques to collect project requirements to avoid scope creep and 

guarantee successful project delivery. The project governing body should safeguard the 

sustainability of the PPP smart city project (King IV, 2016). When public-private organisations 

fail to apply the concept of sustainability by implementing smart projects in any of the smart 

city dimensions, the projects are likely to contribute to unsustainable production and 

consumption, destruction of biodiversity—environmental risks, high carbon emission, climate 

change, insecurity, and weak society. Hence, such organisations could face regulators’ 

sanctions or end-users spurning the smart city project. Therefore, top management should 

promote the concept of sustainability when developing and implementing smart cities, thus 

prioritising people and the environment first while guaranteeing economic benefits. As such, it 
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prevents jeopardising the ability of future generations or the next government to meet their 

needs after implementing the smart city project. Therefore, it can be deduced risk 

management, quality, resource availability, cost, schedules, scope, project sustainability, and 

ICT are key indicators for managing and measuring successful PPP smart city projects. 

However, to guarantee successful risk management in PPP smart city projects, risk 

management culture plays a significant role, as discussed in the next section. 

2.3.2 Risk management culture 

One of the crucial components of a risk management framework is a risk management culture. 

It determines how risk is perceived and responded to in an organisation (Jackson, 2015). A 

risk management culture is a constituent of a risk management framework (Young, 2015). 

According to Meiring (2016), the dominant attitudes, shared beliefs, and values that influence 

how people perceive, understand, describe, prioritise, and manage risks can be described as 

risk culture. An organisation’s mature risk culture embraces total quality management (TQM), 

and ICTs for competitiveness, reliability, usability, serviceability, and maintainability of smart 

cities. As such, quality and ICTs can be used as criteria for determining and accepting 

successful PPP smart city projects. Therefore, risk management culture should be an 

enterprise-wide activity embedded in the organisation’s facets for implementing PPP smart 

city projects. An organisation that embeds mature risk culture and ICTs into PPP projects 

promises effective risk management, added value, and measuring of successful smart city 

projects. To reinforce effective risk management in PPP smart city projects, the next section 

discusses the risk management process steps as a component of the risk management 

framework 

2.3.3 Risk Management process-steps 

One of the key components of a typical risk management framework for managing PPP smart 

city projects is the risk management process. The risk management process is an orderly 

application of the procedures involved in establishing the risk management context, 

identifying, analysing and evaluating, prioritising, treating, monitoring, controlling, auditing, 

reviewing, and communicating the risks (ISO 31000, 2018). The risk management process 

sequentially involves risk management planning, risk identification, assessment and 

evaluation, prioritisation, risk response, monitoring, controlling, communicating feedback, and 

risk financing for efficient delivery of PPP smart city projects (Vasvári, 2015; Awuah & Young, 

2021). Based on the foregoing definitions and explanations, it is noticeable that there is a 

shared view concerning the risk management process steps for managing PPP smart city 

projects. Therefore, each of these steps is discussed in a consolidated manner in the next 
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section to derive the enhanced indicators for managing and measuring successful PPP smart 

city projects. 

a) Strategic planning of risk management activities  

Strategic risk management planning aims to establish the risk management context, allocate 

the budget for the risk management activities, describe the techniques and tools for managing 

the risks, the time and resources for the risk management activities, and establish the risk 

management philosophy, objectives, and a blueprint for monitoring, evaluating, auditing, and 

controlling the risks. It involves identifying and aligning both internal and external 

environmental factors (IEEFs) with the organisation’s objectives and mission for successful 

project delivery. The risk management planning activities should be aligned with the 

organisation’s mission, vision, values, goals, and objectives to ensure that the risk 

management objectives do not conflict with the corporate goals (The Committee of Sponsoring 

Organisations of the Treadway Commission—COSO (2013). Throughout the risk 

management planning, analytical techniques, expert judgment, and top management 

meetings should be used as tools to identify strategic risks and their potential impact on the 

strategic value of the PPP smart city project. In strategic risk management planning, the top 

management should state the risk management objectives, risk appetite statement, risk 

thresholds, protocols, policies, procedures, guidelines, and boundaries for finding, addressing, 

and reporting on the risks connected with the PPP smart city project. As such, the top 

management should ensure the availability of resources for conducting risk management 

activities. The strategic risk management activities must be within the confinements of the 

national and international PPP legal framework to avoid litigations and project failure. 

b) Risk identification  

 The second step in the risk management process is risk identification. It involves the 

procedure of involving experienced staff, expert judgment, data gathering, data analysis, and 

meetings as tools to generate a series of PPP smart city project risks and include them in the 

project risks register. Risk identification is a rolling wave activity of detecting and recording a 

series of upsides and downsides of risks by interacting with people and analysing systems 

and documents (Chapman, 2011). Additionally, the sources of risk and their possible 

consequences on project objectives should be identified to generate a complete list of risk 

exposures to be mitigated (Young, 2018). As such, the risks' impact on the PPP smart city 

project scope, cost, quality, schedule, and resources should be identified, recorded, and 

managed to promote successful PPP smart city project delivery. For instance, identifying and 

managing risks such as cyber-attacks and ICT system failure could prevent project delays, 
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hence facilitating successful PPP smart city project delivery. The next and third step, after risk 

identification, is risk assessment and analyses, as discussed in the next section.   

c) Assessing, evaluating, and analysing the risks 

Determining the probability of risk occurrences and their eventual consequences on any of the 

smart city project deliverables depends on risk assessment. It involves the process of 

examining the quality and quantity of the risk impact if it does occur, on any of the smart city 

project objectives (Chapman, 2011). For instance, a qualitative risk analysis can be useful in 

prognosticating poor quality of work, reworking, delay in project completion, and cost overrun 

could emanate from poor contractor performance, hence, project failure. Similarly, a 

quantitative risk analysis could be useful in predicting that a three-week project delay could 

cause a 3 percent cost overrun, a potential cause of project failure, as additional funding could 

be a major challenge (Awuah & Young 2021). As such, project schedule, quality, and cost 

should be recognised as enhanced key indicators that could help to manage and measure 

successful PPP smart city projects.  

d) Prioritising risk  

Risk prioritisation is the fourth step in the risk management process; it involves ranking the 

risks founded and their assessed impact on the PPP smart city project objectives. Risks that 

have a high impact should be considered first when allocating resources to enhance or treat 

them based on the risk appetite statements. As it ensures that high-risk events could be 

estopped from occurring or contained to minimise their impact if they do occur (Young, 2018). 

Risk prioritisation is critical to PPPs’ success since it helps organisations to rank and use their 

resources, material, human, financial, and time judiciously, following their risk appetite level. 

Therefore, it can be deduced that a project schedule and resource availability are indicators 

for managing and determining successful projects. 

e) Risk response or treatment strategies 

Determining risk response options and actions to enhance upside and reduce downside risks 

in PPP smart city projects can be regarded as risk responses-strategies. Awuah and Young 

(2021) mentioned that some of the key risk response strategies for downside risks include, 

but are not limited to, avoiding the risks, eliminating the causes of the risks, changing the 

project plan to protect the objectives, transferring the risk, absorbing or accept the risk, reduce 

the risk, reject the risks, use contingency plans, workaround, use independent verifications 

and validations. Government guarantees, warranties, performance bonds, insurance policies, 

and sharing of revenue risks are general risk reduction strategies that can be adapted in PPP 

smart city projects. For upside risks, some of the risk response strategies include exploiting 
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risks and enhancing opportunities (Chapman, 2011). According to Young (2018), risk 

response strategies can be reactive or proactive. It is reactive when risk control measures are 

put in place after an incident has occurred, quite different from emergency response. It is also 

proactive, where risk control measures are put in place to deal with the incidents before they 

occur. Chapman (2011) indicated that risk control measures should be proactive and well-

timed to gain sufficient leverage to suppress the negative events before they materialise and 

become irrepressible. The negative events could be revenue loss due to cyber-attacks, ICT 

failure, cost overruns, and project delays as a result of poor contractor performance. 

Monitoring, evaluation, controls, auditing, reviews, and reports can assist in preventing or 

reducing the impact of revenue loss, cost overrun, and other unstainable activities as dicussed 

in the next section. 

f)  Monitoring, evaluation, auditing, and reporting on risk response strategies  

Risk treatment measures can be miscarried to the detriment of the project management 

activities. Therefore monitoring, evaluating, controlling, auditing, and reviewing the risk 

treatment strategies for quality assurance is hypercritical in the risk management process. 

Awuah and Young (2021) mentioned that monitoring, evaluation, and auditing help to avoid 

resource shortage, schedule and cost overrun, and poor quality. Berssaneti & Carvalho (2014) 

contended that monitoring and auditing risk response strategies promote quality assurance in 

the risk management process, guaranteeing that; resources are provided just in time (JIT), 

and the project not exceeding the expected duration and cost. Therefore, it can be deduced 

that monitoring and auditing the risk response strategies promote remedial actions against 

project delay, cost overrun, resource shortage risks, and poor performance.  

g) Communicate and consult  

Risk communication involves exchanging risk intelligence amongst the appropriate 

stakeholders through permitted communication channels for risk-informed decisions (Zhang 

et al., 2020). Risk consulting comprises obtaining opinions and feedback of information from 

internal and external experts and risk owners regarding risk treatment approaches for informed 

decision-making (ISO 31000, 2018). Risk communication allows the variance in the risk 

response strategies for project cost, scope, schedule, and quality to be communicated 

promptly for corrective and preventive actions for a successful PPP smart city project delivery. 

h) Risk financing  

Risk financing is one of the bold steps toward a comprehensive risk management process for 

PPP smart city project delivery. Poole (2014) explained that risk financing ensures the 

acquisition and expending of funds for risk management activities to safeguard the project 
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delivery. Awuah and Young (2021) confirmed that there should be funds to secure insurance 

policies against force majeure risks such as earthquakes, which is critical against holistic 

financial losses and project failure. Therefore, it is imperative to consider risk financing (funds 

to support risk management activities) as a critical indicator for managing and measuring 

successful PPP smart city projects. Given the above expositions, it can be deduced that the 

risk management process is a distinct and all-important component of a typical risk 

management framework for enhancing, managing, and measuring successful PPP smart city 

projects.  

2.3.4 Risk management principles 

The application of risk management axioms to support the risk management process steps is 

critical for successful PPP smart city project delivery. As such, the risk management should 

be: an integrated function, structured and comprehensive, bespoke, inclusive, dynamic, and 

sustainable. In addition, the best available information should be used and continuously 

improved to support successful project delivery (ISO 31000, 2018). The three lines of defence 

of an organisation should apply these principles to identify and treat risks associated with the 

project scope, cost, schedule, and quality to drive successful project delivery. For instance, 

the best available organisational process assets (OPAs) should serve as a guide in formulating 

the budget and schedules to ensure that sufficient funds are acquired for the project. Dealing 

with risks associated with the project budget, schedule, scope, quality, and technological 

issues requires promoting a mature risk culture by applying the risk management principles, 

tailoring, integrating, and comprehensively conducting the risk management activities in a 

structured manner across every facet of the organisation. Additionally, the project steering 

committee should apply these principles and lead ethically with pro-activeness to guarantee 

project sustainability (The Institute of Directors in Southern Africa, 2016). As such, it can be 

concluded that the risk management principles reinforce effective risk management in PPP 

smart city projects.  

2.3.5 Risk management standards and guide 

According to Awuah and Young (2021), implementing a project’s specific industry risk 

management standards and guides reinforces effective risk management. For instance, the 

ISOs 13720, 2019 addresses risks in smart cities dimensions. To ensure that stakeholders 

accept the project as good quality and environmentally sustainable, the ISO 14001 and ISO 

9001 guidelines should be applied, respectively. As such, risk management standards and 

guides can be considered as a typical component of a risk management framework that 

guarantees quality in PPPs smart city projects. In a broader summary, the fundamental 

components of a typical risk management framework are risk governance and system, risk 
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culture, risk management process, risk management principles, and risk management 

standards and guides. Furthermore, the following eight (8) EKSIs can be derived from the 

discussion on the above-mentioned risk management components: 

• Finishing the project within the scope of work and deliverables 

• Finishing the project within the prescribed schedule or duration 

• Completing the project within the allocated budget 

• Completing the project following the prescribed quality 

• Guaranteeing project sustainability (Sociocultural, Environmental, and Economic) 

• Providing resources to complete the project 

• Applying Smart or Intelligent Communication Technologies  

• Conducting effective risk management activities 

The above-mentioned EKSIs, smart city dimensions, and their guiding criteria should be 

subjected to the risk management framework for managing risks and measuring successful 

PPP smart city projects, as illustrated in Figure 1.  

Figure 1:  Enhanced key success indicators of a risk management framework for  
  public-private partnerships smart city projects. 

 
Source: Author’s own compilation 
Figure 1 illustrates the Enhanced Key Success Indicators of a Risk Management Framework 

for PPP Smart City Projects. Figure 1 indicates the components of a typical risk management 

framework, numbered from 1 to 5, namely: 1) risk management governance and system; 2) 

risk management culture; 3) risk management process steps; 4) risk management standards; 

and 5) risk management principles. The second outer ring in the risk management framework 
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is the smart city dimensions and guiding criteria, which should be subjected to the risk 

management framework as discussed in Sections 2.3.1 to 2.3.5 to ensure successful project 

delivery. The EKSIs are the Roman numerals from i to viii in Figure 1. The EKSI arrows 

pointing to the risk management framework show that each EKSI should be subjected to the 

components of the risk management framework. For instance, the project budget or cost 

should be subjected to the components of the risk management framework to ensure that cost 

overruns are avoided. In the context of this article, the EKSIs, smart city dimensions, guiding 

criteria, and a typical risk management framework are inseparable to constitute the Enhanced 

Key Success Indicators of a Risk Management Framework for PPP Smart City Projects. As 

such, governments and private sector organisations should consider EKSIs as indispensable 

for establishing PPP smart city policies and frameworks, guidelines, acts of parliament and 

bills, PPP smart city procurement processes, and implementing, operating, maintaining, and 

measuring successful PPP smart city projects. To add value to the success indicators, 

enhanced criteria for each of the EKSIs are discussed in the next section. 

2.4.  Enhanced criteria of key success indicators 

In terms of PPPs smart city projects, the aforementioned EKSIs and their respective criteria 

and components are succinctly expounded in this section. 

2.4.1  Finishing the project within the scope of work and deliverables 

Ogunberu et al. (2018) contended that the top management, the project manager, the project 

technical team, the sponsor, or the client should properly define the PPP smart city project 

scope to avoid scope creep. To buttress this view, Lampa et al. (2017) empirically affirmed 

that poorly defined scope and risk cause 48 percent of public-private sector project failures. 

As such, meeting the project owner’s requirements and deliverables, functional and technical 

requirements, output specifications, end-user benefits, project efficiency, and fit for purpose 

are criteria that form the project scope (Lampa et al., 2017). Villalba-Romero and Liyanage 

(2016) affirmed that project functional purpose and technical output are criteria for defining the 

project scope. Therefore, it can be deduced that stakeholders will consider the PPP smart city 

project as successful when it satisfies the above-mentioned criteria.  

2.4.2  Finishing the smart city project within the prescribed schedule or 
duration 

Villalba-Romero and Liyanage (2016) mentioned that completing the PPP smart city project 

within its planned duration and cost with a sustainable return on investment (S-RoI) 

encourages stakeholders to accept the project. To avoid project delays and cost overruns to 

guarantee successful project delivery and profitability, the project schedule should be 
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managed appropriately (The Project Management Institute, 2017). As such, Osei-Kyei et al. 

(2017) affirmed that adhering to the project schedule is a critical indicator for measuring 

successful PPPs since it reduces disputes and minimises community and political protests. 

However, a project schedule is not risk-free. As such, when the risks are not adequately 

managed, it causes project delays, cost overruns, and project failure. For instance, many 

countries experienced project delays, cost overruns, and project failures during the COVID-

19 lockdowns. Therefore, it is imperative to identify and manage the project schedule risks to 

complete the project on time. 

2.4.3  Completing the project within the allocated budget or cost 

Project cost over-run, delays, and failures occur as a result of poor project cost management 

(Lichtenberg, 2016). In addition, unpredicted and unfavourable enterprise environmental 

factors (EEFs), such as force majeur,  high inflation and high exchange interest rates, can 

surge the project cost, consequentially causing project affordability, value for money, and 

financial return challenges, leading to project failure. Osei-Kyei et al. (2017) affirmed that 

adherence to the project budget is a critical indicator for measuring project success. Therefore, 

it is crucial to effectively identify and address the project’s EEFs related to economic and 

financial risks to prevent cost-over-run to guarantee value for money to ensure successful 

PPP smart city project delivery. 

2.4.4  Completing the project in accordance with the prescribed quality 

There is a positive correlation between stakeholders’ satisfaction and project quality. As such, 

project quality should be managed by applying industry standards and best practices, 

processes, procedures, policies, legal, technical, and functional requirements, and appropriate 

ICT to ensure that the project results in a quality product. Use quality materials that meet 

global standards for project execution. Quality can be described as the extent to which 

excellence can be attached to a project (Bao et al., 2018). If a project meets the prescribed 

deliverables and technical and functional requirements, then the project can be considered to 

be of good quality. Therefore, accepting the project as a success depends on the greatest 

satisfaction that stakeholders receive from the project or service rendered. Osei-Kyei et al. 

(2017) confirmed that reliable and quality service operations are critical indicators for 

measuring successful PPPs. Therefore, project quality should be considered as an indicator 

for dealing with and measuring a successful PPP smart city project. 

2.4.5 Guaranteeing project sustainability 

Nawawia et al. (2015) sustainability aims to balance the swift progression of human needs 

and the profligate usage of virgin resources. Smart city sustainability aims to reach project 
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outcomes that guarantee the present economic, environmental, and sociocultural needs of 

people without putting at risk the needs of future generations (Goyal et al., 2013). The concept 

of sustainability is analogous to the triple bottom line: profit-making, protection of people 

(community support and safety), and the planet (3Ps) (Burke, 2011). The profit is aligned with 

economic risks, the people refer to sociocultural risks, and the planet refers to environmental 

risks (Kucukvar et al., 2014). Therefore, sustainable PPPs smart city projects promote 

activities that aim at reducing high carbon emissions and climate change while making 

societies safe and resilient. Such projects are accepted by stakeholders and considered 

successful. As such, Shenhar (2011) attested that sustainability is a critical indicator for 

determining a successful PPP smart city project; however, it is an emerging risk that requires 

adequate attention to promote a successful PPP smart city project. 

2.4.6  Providing resources to complete the PPP smart city project 

Completing the PPP smart city project within the prescribed schedule, scope, and budget 

depends on managing and making financial and non-financial resources available to perform 

every task of the work breakdown structures (Li et al., 2017). Project delays and poor quality 

can be linked to insufficient resources, which contribute to project failure (Berssaneti & 

Carvalho, 2014). As such, e-procurement systems should be established to ensure to  

transparency, accountability, and fairness in awarding contracts to the most a competitive 

bidder to supply  the required resources for successful smart city project delivery. As such, 

the special purpose vehicle (SPV) will guarantee project quality and within the prescribed 

deliverables. Thus far, making resources available just in time (JIT) is salient for successful 

project delivery (Berssaneti & Carvalho (2014). Jamwal et al. (2021) mentioned that effective 

resource utilisation promises maximum output and project success. Furthermore, the use of 

local content, workforce, and transfer of knowledge, technology, and innovation also play a 

critical role in smart city project success. Circular, and zero carbon embodied materials should 

be used in PPP smart city projects to ensure that projects contribute towards sustainable 

production and consumption, protecting the environment and reducing high greenhouse gas 

(GHG) emissions and climate change. Such projects avoid public demonstrations and are 

widely accepted by stakeholders as successful. Therefore, it can be concluded that project 

resources play a critical role in measuring successful PPP smart city projects. 

2.4.7 Applying intelligent communication technology (ICT) 

Jamwal et al. (2021) and Nel (2020) contended that the progression of technologies within the 

frame of the Fourth Industrial Revolution (4IR) or industry 4.0 technologies ensures effective 

resource utilisation for maximum output and enhances the socio-economic sustainability of 

organisations for successful smart city project delivery. As such, the ICT criteria that can be 
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embedded into infrastructure and services for efficient and responsive cities are the Internet 

of Things (IoT), artificial intelligence, big data management (BDM), cloud computing, and 

mobile computing (Saraju et al., 2016; & Li et al., 2019). Gjerde et al. (2019) argued that 

adapting technologies that have criteria such as synchro software, building information 

modelling (BIM), and Lean technologies for infrastructure projects reduces variabilities and 

constraints in smart city project design, schedule, and quality, hence, minimises the probability 

of project delays, structural, and technical failures. Belle (2017) contends that the critical ICT 

criteria for smart city projects encompass building information modelling (BIM). This digital tool 

facilitates smart city project management by providing a platform for sharing information, 

identifying risks, and collaborating on a joint mitigation approach. Digital twinning as a smart 

city criteria can also be used to verify and store the flows of smart city circular building 

materials and its financial transactions to ensure that database created is: (a) public, not 

owned by anybody, (b) decentralised; can be accessed by different people across cities, (c) 

constantly synchronised to update transactions, and (d) secured by cryptography to make it 

tamper-proof and hacker-proof for efficient smart city operations (Belle, 2017). Additionally, 

sensors, geospatial technology including geographic information systems (GIS) and global 

positioning systems (GPS), big data analytics, artificial intelligence (AI), virtual reality (VR), 

augmented reality (AR), and blockchain technology are critical criteria for smart cities for 

recording, tracking, and updating information about smart city infrastructure or initiate 

maintenance and repair routines to prevent deterioration and structural failures. The 5G 

network, blockchain, cybersecurity, low power WAN technologies, city-wide Wi-Fi, high-speed 

internet, smart camera installations, digital displays, and available and easy access to a city’s 

digital information are critical criteria for efficient smart city operation 

(PriceWaterhouseCoopers 2019). Tolstolesova et al. (2021) mentioned that incorporating e-

financing and investments, digital financial instruments in PPP smart city projects increases 

opportunities for attracting financial resources for successful smart city project delivery. As 

such, it is crucial to adapt ICT into PPP smart city projects to establish real-time 

communication, technology-based decision-making, and man-machine interaction in project 

delivery and operations. Thus far, the application of ICTs in the project helps to reduce red 

tape, project delays, transaction costs, cost overruns, and poor quality to ensure project 

success. Therefore, it can be deduced that ICTs and their guiding criteria in urban projects 

play a critical role in managing and measuring successful PPP smart city projects. 

2.4.8 Conducting effective risk management  

No PPP smart city project is risk-free; as such, the project activities should be subjected to the 

risk management framework. Any event that has both downsides and upsides impacts on 

project deliverables can be described as a risk (Johnson & Johnson, 2013). An uncertain event 
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or condition, which, if it occurs, has a positive or negative impact on at least one of the project 

deliverables, can be considered a risk (The Project Management Institute, 2017). Therefore, 

to deliver successful PPP smart city projects, it is crucial to deal with the risks linked to the 

EKSIs. As such, it is imperative to subject the smart city project management phases, 

initiation, planning, execution, monitoring, controlling, feedback, and closing, to the risk 

management framework to promote effective risk management in the project. Hence, 

managing the risk associated with the EKSIs requires that the EKSIs should be subjected to 

each of the components of a typical risk management framework, as illustrated in Figure 1. As 

such, Osei-Kyei et al. (2017) confirmed that effective risk management is a critical indicator 

for measuring successful PPPs. Following the above-given expositions, the risk management 

components, EKSIs, and their derived criteria for managing and measuring successful PPP 

smart city projects are summarised in Table 1. 

Table 1: Risk management components and enhanced key success indicators’ guiding 
criteria 

Risk management 
Components 

Enhanced Key 
Success Indicators 

Enhanced Guiding Criteria 

• Risk Governance and 
system 

• Risk management process-
steps 

• Risk management. 
Standards 

Project Scope • Determine and adhere to output specifications 
and deliverables 

• Determine and adhere to technical and 
functional requirements 

• Guarantee project efficiency and usability, 
meet stakeholders’ expectation 

• End-user benefit and fit for purpose 
• Risk Governance 
• Risk management 

process-steps 

Project time/Schedule • No delays 
• No dispute and protests 
• Optimise forward and backward passes 

• Risk Governance 
• Risk management culture  
• Risk management 

process-steps 
• Risk Management Principles 

and Standards 

Project Cost/Budget • No project life cycle cost overrun 
• Use cost-efficient strategy 
• Guarantee return on investment and 

profitability 
• Guarantee affordability and value for money 
• Manage economic impacts such as inflation, 

interest rate, and the exchange rate on a 
budget 

• Risk Governance and 
system 

• Risk culture 
• Risk management 

process-steps 

Project Quality • Adhere to technical and functional 
specifications  

• Scope statement of work 
• Collection requirements  
• Ensure efficiency, durability, add-value, and  

fit for purpose 
• Engage and meet stakeholders' expectations 

and local content 
• Acceptable quality from stakeholders' 

perspective 
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• Use quality materials and meet global 
standard requirements 

• Risk management 
process-steps 

• Risk management standards 
• Risk Governance and 

system 
• Risk culture 
• Risk management Principles 

Risk management • Create risk awareness   
• Describe the risk management  tools and 

techniques 
• Apply risk management process-steps, 

standards, guidelines, and principles 
• Ensure efficient enterprise risk management 

system (ERMS) 
•  Adopt risk governance and culture 
• State risk appetite statements, threshold, 

objectives  and philosophies, and parameters 
for optimal risk allocation and sharing roles 
and responsibilities 

• Use government guarantees, warranties, 
share revenue risks 

• Align risk management plan with public and 
private sector organisations’ objective, 
mission, vision, values,  and goals  

• Apply industry standards and best practices, 
policies, protocols, processes, procedures, 
legal framework, sustainable and technical 
requirements, and appropriate technology. 

• Adapt health and safety measures 
• Stakeholder engagement, communication and 

management   
• Propel political will, optimal risk-return 

allocation, and sharing, value for money( VfM) 
• Apply and subject the project management 

phases: initiation, planning, execution, 
monitoring and controlling, and closing to the 
risk management process.  

• Risk governance 
• Risk management process 

Project resources • Ensure transparency and accountability, and 
fairness in the PPP procurement process, use 
local content, transfer knowledge, technology, 
and innovation 

• Competent and qualified bidders should win 
the contract 

• Ensure responsibility,  accountability, and 
quality of resources 

• Ensure resources are available at all times 
and  just in time 

• Use recycled, regenerative,  smart and green 
resources 

• Risk Governance  
• Risk management 

process-steps 
• Risk management standards 
• Risk culture 
• Risk management Principles 

Project Sustainability • Put people first for safety and community 
support 

• Ensure positive socio-cultural, economic, and 
environmental impact 

• Target improving biodiversity and ecosystem, 
reducing high carbon emission and climate 
change 

• Ensure sustainable return on investment 
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• Use circular–green–smart economy activities, 
increase energy, and innovations in rural-
urban engineering and construction projects, 
transport, health,  education, agricultural, and 
other services PPPs  

• Ensure sustainable consumption and 
production and smart agriculture 

• Ensure the security, safety, and resilience of 
society 

• Risk culture 
• Risk Governance  
• Risk management process 

 

Intelligent 
Communication 
Technologies ICTs) for 
PPP Smart cities. 

• Artificial intelligence (AI) for smart city PPP 
projects 

• Internet of Things (IoT) for smart city PPP 
projects 

• Cyber-physical systems for smart City PPP 
projects 

• Cyber security 
• Big data analytics for smart city PPP projects 
• Digital twining for smart city PPP projects 
• Sensors for smart city PPP projects 
• Mobile computing for smart city PPP projects 
• Cloud or fog computing 
• Build information modelling (BIM) for smart 

city PPP projects 
• Digital tool for smart city PPP projects 
• Digital twining for smart city PPP projects 
• Geospatial technology for smart city PPP 

projects 
• Geographic information systems (GIS) for 

smart city PPP projects  
• Global positioning systems (GPS) for smart 

city PPP projects 
• Virtual reality (VR) for smart city PPP projects 
• Augmented reality (AR) for smart city PPP 

projects 
• 5G network for smart city PPP projects 
• Low-power WAN technologies for smart city 

PPP projects 
• City-wide Wi-Fi for smart city PPP projects 
• High-speed internet for smart city PPP 

projects 
• Smart camera installations for smart city PPP 

projects 
• Available and easy access to a city’s digital 

information 
• Lean technologies for smart city PPP projects 
• e-government activities  
• e-consortium/SPV activities  
• e-procurement; using block chain technology 
• e-sustainable financing 

Source: Author’s own compilation  
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Briefly, the next section deals with the research methodology for testing, analysing, and 

confirming the EKSIs and their applicability in managing and measuring successful PPPs 

smart city projects 

3. METHODOLOGY 

A list of generic EKSIs and the components of a risk management framework were identified 

using a literature review to determine their implementation in PPP smart city projects. The 

determined indicators form part of the proposed risk management framework. The EKSIs of a 

risk management framework were subjected to a pre-testing survey using a close-ended and 

structured questionnaire. Following the literature review, a list of eight EKSIs was derived to 

design the questionnaire. A quantitative approach and descriptive analysis were used to 

ascertain the relevance and practice of the EKSIs in PPP smart city projects. The 

questionnaire was sent to a purposive sample size of ten (10) international PPP, smart city, 

risk management, and project management experts both in industry and academia in the 

United Kingdom, U.S.A, South Africa, Ghana, and Nigeria for the pre-testing to ascertain the 

appropriateness and precision of the EKSIs of the risk management framework. The objective 

of the pre-testing was to ascertain the adequacy, relevancy, and clarity of the EKSIs and their 

guiding criteria (Table 1). The 9 experts, representing (90% confidence) returned their 

questionnaires and affirmed the sufficiency of the EKSIs of a risk management framework with 

slight changes in some of the narratives regarding the guiding criteria. 

3.1  The main survey 

The empirical survey was conducted on PPP, smart cities, risk management, and project 

management experts both in industry and academia across developed and developing 

countries. These experts had 2-10 years of research or hands-on experience in their field of 

discipline. A 5-point Likert scale questionnaire was given to the respondents to specify their 

views according to the following scale: 1=Strongly Disagree (SD), 2=Disagree (D), 

3=Indifferent (I), 4=Agree (A), and 5=Strongly Agree (SA). That is, 256 questionnaires were 

sent to the experts via email to return them within 6 weeks. The respondents from PPP offices, 

smart urban planners, ICT experts, and independent consultants participated in the survey. 

The respondents managed PPP smart city projects in the following sectors: smart grid for 

energy efficiency and distribution, smart buildings, smart ports, smart healthcare system, 

smart education, smart rail transports, smart toll, and road construction. The survey aimed to 

determine the importance of the EKSIs and their current applicability in managing and 

measuring successful PPP smart city projects.  
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3.2  Analytical techniques 

The descriptive statistical analysis, including reliability analysis using Cronbach’s alpha 

coefficient, the Kaiser–Mayer–Olkin (KMO) test, Bartlett’s test of sphericity, factor analysis, 

and mean significance analysis were conducted using the International Business Machine 

(IBM) 2019 software called Statistical Package for Service Solutions (SPSS). Averages, 

variances, mean, and standard deviation were used to analyse the primary data using 

descriptive statistics. The analysed data set (Table 4) affirmed the significance of the EKSIs 

and their current application in managing and measuring successful PPP smart city projects. 

Cronbach’s alpha value of 0.7 or a coefficient > 0.7 was accepted as a reliability test value. 

The Kaiser–Mayer–Olkin (KMO) test was used to measure the sampling adequacy, as such a 

high value close to 1.0 was accepted since it indicates that the factor analysis was useful with 

the research data. Bartlett’s test of sphericity was used for measuring sampling adequacy. 

The decision rule for accepting Bartlett’s test value was that for a 95 percent significance level, 

the p-value should be < 0.05 for the factor analysis to be accepted. In addition, factor loading 

of each variable greater than ± 0.30 for analysis was accepted. 

4. FINDINGS AND DISCUSSION 

Out of 256 questionnaires sent to the respondents, 164 were returned complete for the 

analysis, representing 64 percent, as illustrated in Table 2. 

Number National 
Symbol 

Country Continent Regional Number of 
Experts 

1  Ghana  Africa West Africa 26 
2  South Africa Africa Southern Africa 23 
3  Nigeria Africa West Africa 22 
4  Kenya Africa East Africa 11 
5  Senegal Africa West Africa 10 
6  Sierra Leon Africa West Africa 9 
7 

 
United Kingdom 
(England& Scotland) 

Europe Western Europe 9 

8  United States of America North America North America 9 
9  Switzerland Europe Central Europe 8 

10  Canada North America Canadian Shield 7 
11  Norway Europe Northern Europe 7 
12 

 
Spain Europe South-West 

Europe 
7 

13  Australia Australia Australia 6 
14 

 
Germany Europe North-Central 

Europe 
6 

15  Albania Europe Southern Europe 4 
Total 164 

Source: Author’s own compilation  
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The questionnaire-based survey ensured a response of 64 percent (164 out of 256 

questionnaires), which was considered adequate for the descriptive data analysis when 

compared with similar studies by Ameyaw and Chan (2015) and Osei-Kyei et al. (2017). 

Respondents included: senior managers (Chief executive officers); risk managers 25 percent; 

smart city engineers and planners 16 percent; ICT managers 9 percent; risks, project 

managers, supervisors, and engineers 14 percent; and beneficiaries and PPP consultants 6 

percent. The majority of respondents (indicating 56 percent) had 11 years of experience in 

PPP smart city projects. Twenty percent of the respondents had more than 10 years of 

experience in risk management, while 15 percent and 7 percent had 2-5 years and 6-10 years 

of experience, respectively, in project management. The Cronbach’s alpha coefficient for 

these five Likert scale items was 0.820, which indicated the high reliability of the items in the 

instrument. Following the above expositions, it can be deduced that participants have a high 

level of experience in risk management and PPP smart city projects, which presupposes that 

the responses can be used to derive acceptable conclusions and recommendations. 

 

Table 3:   Factor analysis for the KSI of risk management framework 
EKSIs Factor Loadings Cronbach’s 

Alpha 
Complete smart city project within the scope of work 0.862  

 
0.897 

Complete smarty project within the schedule/time frame 0.781 
No cost or budget overrun in smart city projects 0.745 
Complete smart city project within the required quality 0.813 
Ensure resource availability for smart city project delivery 0.738 
Ensure project sustainability 0.885 
 Adapt ICTs for Urban projects (smart cities)                       0.764 
Conduct effective risk management in smart city projects 0.875 
Bartlett’s test of sphericity r2= 252.830, df = 6, sig = 0.000  
Kaiser–Mayer–Olkin measure of sampling adequacy 0.434  
Total variance explained (%) 59.681%  
   

 
  
 0.794 

Risk Management Components  
Risk Governance and System  0.836 
Risk management Culture 0.702 
Risk management Process-steps 0.896 
Risk management standards 0.762 
Risk management Principles 0.875 
Bartlett’s test of sphericity r2= 5316.325 df = 703, sig = 0.000  
Kaiser–Mayer–Olkin measure of  sampling adequacy 0.703  
Total variance explained (%) 51.534%  
Cronbach’s Alpha for KSI of a Risk Framework  1.691 

P < 0.01 *P < 0.05 (**high significance, * significant)  
Source: Author’s own compilation  
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Table 3 showed that the EKSIs of a risk management framework had a Cronbach’s alpha 

coefficient of 1.691, that is, 0.897 and 0.794, for the EKSIs and risk management components, 

respectively, and a total variance of 59.681 percent and 51.534 percent. The KMO and 

Bartlett’s test of sphericity measured 0.434 for EKSIs and 0.703 for risk management 

components, with P < 0.001 for all the indicators. The values for Cronbach’s alpha coefficient, 

the KMO, and Bartlett’s test of sphericity suggested that they are good for factor analysis and 

also reliable, dependable, and applicable in managing and measuring successful PPP smart 

city projects. Specifically, the factor loading values for the reliability test analysis for each of 

the EKSIs was at least 0.702. It indicates that most of the EKSIs of a risk management 

framework for PPP smart city projects have a tendency of relevance and are implementable 

according to the participant’s perspective and experience. That is, participants agreed that the 

EKSIs are crucial components of the proposed risk framework for measuring successful PPP 

smart city projects. In addition, the aforementioned experiential evidence supported the aim 

of one of the secondary objectives of this study, specifically to identify the components of 

typical EKSIs of a risk management framework for PPP smart city projects. In addition, in-

depth statistical analysis, paired sample statistics, and tests of the EKSIs are presented in 

Table 4 in the next paragraph. 

Table 4: Paired sample statistic and test for Eksis relevance and practice in PPP smart 
cities 

EKSIs Paired Samples Statistics Paired Samples Test 

 Relevance 
and 

Practice in 
measuring 
successful 

PPPs 

Mean 
rating 
(μ) 

Percentage 
rating 

agreeing to 
Disagreeing  

Standard 
Deviation 

(σ) 

Correlation Variance 
(%) 

t-test df Sig. (2- 
tailed) 

Smart City Project scope 
of work 

Relevance  4.2636 82 0.78163  
0.437** 

6 1.573  92  0.119 Practice  4.0455 76 0.7864 
Smart City Project 
schedule  

Relevance 4.6073 91 1.6201  
0.381** 

21 7.711 92 0.000 
Practice 3.6909 70 0.6952 

No cost overrun in 
Smart city projects 

Relevance 4.7545 92 2.0602   
0.356** 

20 2.15  92   0.034 Practice 3.8768 72 0.7135 
Smart city Project quality Relevance 4.6636 92 2.0602  

0.386** 
 
8 4.904  92   0.000 Practice 4.2727 84 0.8433 

Resource availability for 
the smart city project 

Relevance 4.3636 88 0.8944 0.462** 7 1.204  92   0.231 Practice 4.2457 81 0.7756 
Smart city project 
sustainability 

Relevance 4.8435 95 2.98734  
0.478** 

6 7.095  92 0.000 Practice 4.3909 89 1.0951 
Intelligent 
Communication 
Technologies (ICT 
Smart City) 

Relevance 4.4565 89 1.1215  
0.391** 

 
17 2.10 92 0.034 Practice 3.8919 72 0.7243 

Relevance 4.8415 93 2.4029   7.397  92 0.000 
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Conduct effective risk 
management in Smart 
city projects 

Practice 4.1545 78 0.7983 0.429** 15 

**P < 0.01 *P < 0.05 (**high significance, * significant)  

Source: Author’s own compilation  

Following Table 4, the results, findings, and analysis of the enhanced key success indicators, 

the mean statistics (μ) exceeded 3.0 for both relevance and practice in using EKSIs to manage 

and measure successful PPPs smart city projects, indicating that participants exceeded the 

‘disagreed’ position. There was a tendency towards an ‘agreed’ zone (between 4 and 5) for 

each of the EKSIs. The standard deviation (σ) varied between 0.6952 and 2.98734, while the 

percentage of the rating agreeing on the relevance and practice of the EKSIs ranged from 70 

percent to 95 percent jointly. This indicates that the EKSIs are generally relevant and 

acceptable in managing and measuring successful PPPs. The detailed findings per EKSI are 

dealt with in the ensuing section. 

4.1 Smart city project scope  

Following the reviewed literature on risk management governance, the scope of work was 

derived as an EKSI for managing and measuring successful PPP smart city projects. 

Respondents affirmed the application of the concept and its practice, which is 82 percent and 

76.8 percent, respectively, for managing and determining successful PPP smart city projects. 

The mean statistic score for the relevancy of the theory and its practice were 4.2636 and 

4.0455, respectively, surpassing the ‘disagreed’ point towards the ‘agreed’ zone; thus far, 

between 4 and 5, respectively for this EKSI. Therefore, the scope can be considered as a 

component of the EKSIs of a risk management framework for managing and measuring 

successful PPP smart city projects. However, the standard deviations of 0.78163 and 0.7864 

exist between the relevance and practice, respectively, with a variance of 6 percent. As such, 

it can be deduced that the variance is a potential cause of project failures. This was also 

confirmed by Ogunberu et al. (2018) and Lampa et al. (2017) that project failures are 

associated with poorly defined scope. As such, this EKSI requires the attention of public and 

private sector organisations and PPP smart city policymakers to bridge the gap by ensuring 

that all PPP smart city projects are completed within the scope of work. Otherwise, the project 

could be considered unsuccessful.  

4.2 Smart city project schedules 

Respondents rated the mean statistical score for the relevancy and practice of schedules in 

PPP smart cities at 4.6073 and 3.6909, respectively, while the rating agreeing percentages 

were 91 percent and 70 percent for relevance and practice respectively, indicating that 

completing a PPP smart city project within the schedule is a critical indicator for managing and 
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achieving successful projects. This is also confirmed by Osei-Kyei et al. (2017) that a project 

schedule is a critical indicator for measuring successful PPPs. However, the EKSI has a 

standard deviation of 1.6201 and 0.6952 for its relevance and practice, respectively, which 

suggests that the current practice is inadequate; hence, it is a potential cause of project delays, 

time overrun, cost overrun, and PPP smart city failures. As such, organisations should pay 

adequate attention to the project schedule and recognise it as a critical indicator for measuring 

a successful project. 

4.3 Smart city project budget/cost  

The respondents rated the mean statistical score of the project cost as 4.7545 and 3.8768, 

respectively, for the relevancy and practice that there should be ‘no-cost overrun’ in PPP smart 

city projects. The rating by respondents in the agreement was 92 percent and 72 percent for 

relevance and practice, respectively, indicating that completing the project within the 

prescribed budget or cost is key to effectively managing and measuring successful PPP smart 

city projects. However, 28 percent of respondents do not use no-cost-overrun as an indicator 

for managing and measuring successful PPP smart city projects, suggesting a potential cause 

of budget-overrun and project failure. This was confirmed by Lichtenberg (2016) that poor 

project cost management and cost over-run trigger project failures. Therefore, it is evident that 

project cost management is crucial to avoid cost overrun and PPP failures; as such, it is a 

critical indicator for measuring successful PPP smart city projects.  

4.4 Smart city project quality 

Based on the literature review, project quality was derived as an EKSI for organising and 

measuring successful PPP Smart city projects. It was determined that for stakeholders to 

accept the project as successful, the project governing committee should guarantee project 

quality. The respondents agreed that the concept is 92 percent relevant, whiles 84 percent of 

it is practised respectively. The concept had a mean statistical score of 4.6636 and 4.2727 for 

its relevance and practice for managing and measuring successful PPP smart city projects. 

This response indicates that project quality is a critical indicator for measuring successful 

projects, as was also confirmed by Osei-Kyei et al. (2017). However, it has a standard 

deviation of 2.0602 and 0.8433 for its relevance and practice, respectively, with a variance of 

8 percent, suggesting that currently, its acceptability for managing and measuring successful 

PPP smart city projects is inadequate, hence, a potential cause of poor project performance 

and failure. As such, it requires attention to bridge the gap by using project quality to guide, 

manage, and measure successful PPP smart city projects.  
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4.5 Resource availability for smart city projects 

Following the literature review, it was eminent that the project governing committee should be 

proactive in providing resources just in time (JIT) to finish the project within the planned 

duration. Respondents rated the mean statistical score for this EKSI at (4.3636) and (4.2455) 

for its relevancy and practice, respectively. The rating ‘agreed’ percentages were (88%) and 

(81%) for their relevance and practice, respectively, which indicates that resource availability 

is critical for completing projects successfully, as confirmed by Li et al. (2017). However, it has 

a standard deviation of 0.8944 and 0.7756 for its relevance and practice, with correlation and 

variance of 0.462 and 7 percent, respectively, suggesting that this EKSI requires additional 

attention from organisations and PPP smart city policymakers to promote and measure 

successful PPP smart city projects. 

4.6 Sustainability in smart city projects 

The reviewed literature on risk management revealed that the project governing body should 

guarantee PPP smart city project sustainability. As such, respondents rated the mean 

statistical scores for the relevancy and practice of sustainable PPPs at 4.8455 and 4.3909, 

respectively, with a percentage rating of 95 percent and 89 percent for its relevance and 

practice, exceeding the ‘disagreed’ point towards the ‘agreed’ area, thus far between 4 and 5 

respectively for this EKSI. As such, it suggests that sustainability is a critical component of the 

EKSI of a risk management framework for managing and measuring successful PPP smart 

city projects, as suggested in both Nawawia et al. (2015) and Shenhar (2011). However, the 

standard deviations of 2.98734 and 1.0951 for the relevance and practice, respectively, with 

a correlation of 0.478 and a variance of 6 percent suggest that the relevance and current 

practice of using this EKSI is inadequate. This could explain the reason why there are PPP 

smart city projects that contribute to unsustainable production and consumption, destruction 

of biodiversity and ecosystem, high carbon emission, climate change, and poor waste 

management, which often cause stakeholders to revolt against the projects. As such, PPP 

smart city policymakers should bridge the gap by giving adequate attention to the use of 

sustainability in all PPP initiatives. That is, governments should ensure that the outcome of 

PPP smart city projects guarantees the present-day needs of people, depriving the future 

generation’s ability to meet their own needs. 

4.7 Intelligent Communication Technologies 

It was gathered from the literature review that intelligent communication technologies (ICTs) 

should be adapted to reinforce successful PPP smart city project delivery. Respondents rated 

the mean statistical score for this EKSI at 4.4565 and 3.6919 for its relevancy and practice, 
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respectively. The rating ‘agree’ was 89 percent and 72 percent for its relevance and practice 

respectively, which indicates that ICTs are critical for managing successful smart city projects, 

as confirmed by Jamwal et al. (2021); and Gjerde et al. (2019). However, it has a standard 

deviation of 1.1215 and 0.7243 for its relevance and practice and a correlation and a variance 

of 0.391 and 17 percent, respectively, suggesting that this EKSI requires additional attention 

from PPP smart city policymakers to manage project risks and measure successful PPP smart 

city projects.  

4.8 Conduct effective risk management  

The reviewed literature on risk management process steps revealed that conducting effective 

risk management can be considered as an EKSI for effectively managing and measuring 

successful PPP smart city projects. The processes involved in managing risks in PPP smart 

city projects appeared critical in the literature review. As such, eight interdependent risk 

management process steps were found to be crucial, namely: risk management planning; risk 

identification; risk assessment; risk prioritisation; risk response strategies; risks monitoring, 

controlling, and auditing and assurance; risk communication and feedback; and risk financing. 

The response rate for agreeing to disagree confirmed the relevance (93%) and practice (78%) 

for the risk management process steps as an EKSI for organising and measuring successful 

PPP smart city projects. Statistically, 4.8415 and 4.1545 were analysed as the mean for its 

relevance and practice, respectively, indicating that organisations exceeded the ‘disagreed’ 

position towards the ‘agreed’ zone; that is, between 4 and 5 for both relevance and practice 

of this EKSI. As such, it was regarded as an EKSI for managing and measuring successful 

PPP smart city projects, as confirmed by Osei-Kyei, et al. (2017) that effective risk 

management is a critical indicator for measuring successful PPPs. However, the standard 

deviation was at 2.4029 and 0.7983 for its relevance and practice, respectively, while its 

correlation and variance were 0.429 and 15 percent, respectively, suggesting that the 

relevancy and practice of this indicator to manage and measure successful PPP smart city 

projects is inadequate. Therefore, this EKSI can be deduced as a potential cause of haphazard 

risk management activities in PPP smart city projects, as well as project failures. As such, 

organisations and PPP smart city policymakers should adopt this EKSI to guide, implement, 

and measure successful PPP smart city projects.   

However, the analysis of the eight EKSI reveals four critical indicators that require urgent 

attention for managing and measuring successful PPPs. The variance analysis among the top 

four EKSIs surpassed the total average variance of all the EKSIs by 12.5 percent. As such, 

these top four EKSIs are illustrated in Figure 2. 
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Figure 2: Percentage of variances for the top four enhanced key success indicators  

 

Source: Author’s own compilation  

A project schedule is the highest variance of 21 percent among the rating of the top four EKSIs, 

followed by a project budget of 20 percent, intelligent communication technologies at 17 

percent, and risk management at 15 percent, respectively. These EKSIs are not adequately 

adopted for managing and measuring successful PPP smart city projects. As such, they are 

top priorities that require critical attention to manage and measure successful PPP smart city 

projects. 

5. CONCLUSIONS AND RECOMMENDATIONS 

The purpose of the study was to enhance success indicators and their guiding criteria for PPP 

smart city projects and embed them into a risk management framework that could serve as 

an instrument for dealing with and measuring successful smart city projects. The risk 

management framework components for PPPs were identified as risk governance and 

system, risk culture, risk management process steps, risk management principles, risk 

management standards and guides. Following the literature review on the above-mentioned 

components, eight EKSIs and their guiding criteria were identified: project scope of work, 

project schedule, project budget/cost, project quality, resource availability, project 

sustainability, intelligent communication technologies, and effective risk management. 

However, it can be concluded from this study that organisations should consider the following 

top four EKSIs when managing and measuring successful PPP smart city projects: project 

budget/cost, project schedule, intelligent communication technologies, and risk management. 

In addition, the findings of this study close the gap between the theory and practice of PPP 

smart city projects and contribute practically to better project completion rates. As such, if 

project activities are centred on the proposed EKSIs of a risk management framework, it could 
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assist in managing and measuring successful PPP smart city projects. Therefore, it can be 

concluded that:  

• Adequate risk identification prevents smart city project cost over-run, delays, and poor 

performance. 

• The adequate practice of risk governance, culture, standards, and principles ensures 

effective enterprise risk management (ERM) activities. As such, risk management 

failure, project delays, poor quality, and scope creep could be prevented to ensure 

successful smart city project delivery.   

• The EKSIs settle the contention about what constitutes a successful PPP smart city 

project. 

• The guiding criteria are critical for managing the risks associated with the EKSIs 

(illustrated in Table 1) for successful PPP smart city project delivery. 

• The EKSIs of a risk management framework is prerequisite for ensuring and measuring 

successful PPP smart city projects.  

Therefore, it is recommended that, in general, organisations should pay particular attention to 

the following recommendations:  

• Subject all PPP smart city project procurement processes, policy frameworks, laws and 

regulations processes, and other implementation, operation, and maintenance (O&M) 

activities to the EKSIs of a risk management framework for successful PPP smart city 

project delivery   

• PPP smart city projects should be completed within the scope of work to prevent project 

failure. 

• Organisations and PPP policymakers should recognise a project schedule, cost/budget, 

risk analysis and management, and quality as critical criteria to guide, implement, and 

measure successful PPP smart city projects.  

• Organisations and PPP policymakers should recognise resource availability as a guiding 

indicator for a successful project.  

• Governments should consider sustainability and intelligent communication technologies 

as the most critical indicators for managing and measuring successful PPP smart city 

projects. 

The identified EKSIs of a risk management framework for PPP smart city projects is a generic 

tool applicable to all public-private smart city projects and should be used as a guide towards 

a structured approach to risk management and measuring successful projects. Organisations 

could use the rated level of applicability of the EKSIs as benchmarks to measure their level of 
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adherence, identify the potential gaps in their operations, and address them to avoid project 

failures. The guiding criteria of the EKSIs of a risk management framework could further be 

researched and expanded, as well as a country-by-country comparison and analysis. Post-

experimental research could be carried out in the future to determine if organisations apply 

the EKSIs of a risk management framework to determine the significance and any areas of 

improvement. A possible limitation of the study includes the extrapolation of the result is fairly 

limited considering the sample size of 164 participants from 15 countries despite all efforts to 

maximise it. However, the author takes consolations that 164 experts from 15 countries with 

suitable research and industrial experience participated in the study, which outsize previous 

related studies. As such, it can be concluded that the components of the enhanced key 

success indicators of a risk management framework add value to the body of knowledge in 

risks, smart cities, PPPs, and project management literature. Hence, the results remain 

relevant for risk management practices in PPPs, risk management, smart cities, and project 

management for further research. 
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