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1.1. [bookmark: _Toc191905148]Introduction
The Saudi Electricity Company (SEC) operates as the Kingdom of Saudi Arabia's largest electricity service provider to support its major developmental plans especially Vision 2030. The objective of this vision involves diversifying the economy through improved infrastructure development while pursuing sustainable expansion. The Saudi Electricity Company leads the energy sector through multiple intricate projects that satisfy present energy requirements and establish bases for national economic expansion in the future. These projects achieve success through multiple factors, where risk management stands as the essential factor that directly controls project achievement (Alsulaiman et al., 2016).
Risk management serves as a systematic practice of identifying and analyzing along with responding to project risks to stabilize and keep projects running smoothly in the widely unstable energy sector. SEC achieves strategic development and operational cost efficiency through its established risk management methods which also ensure continuous project operation stability and encourage innovative solutions. Risk management at SEC requires continuous adjustment to manage various sector challenges, which include energy sector technological evolution together with regulatory variations and changing environmental and geopolitical political conditions. ASC's ability to adjust projects enables them to maintain operational stability combined with company and national strategic objectives (Alsulaiman,2015).
Saudi Arabia's economy derives its base strength from its energy industry, which exists thanks to substantial natural resources and strategic infrastructure development investments. The large-scale nature of this sector makes it vulnerable to substantial business threats. These project-related risks exist in multiple forms, which include operational, financial, regulatory, and environmental aspects. SEC's infrastructure programs, such as power facility building and grid system technological developments, as well as renewable energy implementation have distinct risk profiles that need specific management strategies. The complex nature of the energy sector requires SEC to establish a thorough strategic risk management system that takes initiative (Alattyih et al.,2020).
SEC's expansion for Vision 2030 achievement through renewable energy integration and smart grid implementation has amplified the number of operational risks the organization faces. The emerging technologies create diverse factors including system uptime reliability and security threats together with supply chain susceptibilities that demand regulation to function effectively. Risk management at SEC now needs to move beyond established practices because the organization must create advanced risk evaluation techniques that follow industry best practices and worldwide standards (Rehman & Ishak,2023).
1.2. [bookmark: _Toc191905149]Problem Statement
The Saudi Electricity Company's (SEC) large-scale project execution encounters substantial difficulties because of complex energy sector dynamics while they invest in and strategically support Saudi Arabia's energy infrastructure and Vision 2030 alignment efforts. Multiple rapid technologies together with variable regulatory demands alongside environmental constraints and geopolitical forces create an expanded risky environment. The current situation lacks clarity regarding how well risk management practices are performed within the project management processes at SEC. The essential role of risk management for project success remains widely recognized, but SEC faces challenges from inconsistent implementation together with dynamic risks that hinder the accomplishment of projects on target schedules and budget requirements and quality objectives. Renewable energy and smart grid technologies implementation adds new unpredictable risks to the existing challenges of this issue. SEC must be evaluated for its risk management methodology effectiveness to enhance project success while identifying existing weaknesses that allow us to develop better vulnerability reduction strategies. By managing these problems SEC can enhance project performance and achieve strategic targets alongside advancing the sustainable growth of Saudi Arabia's power sector.
1.3. [bookmark: _Toc191905150]Research Significance
This research holds essential importance for both theory and implementation in project management specifically for the Saudi Electricity Company (SEC) sector of energy management. The investigation brings together understanding about risk management practices together with their relation to project success outcomes.
1.3.1. [bookmark: _Toc191905151]Theoretical Significance
From a theoretical standpoint, this research contributes to the body of knowledge on risk management and project success by examining the specific context of SEC and the unique challenges within the energy sector. While risk management is a well-explored area, there is limited literature that specifically addresses its role in large-scale energy projects in Saudi Arabia, especially in the context of the transformative Vision 2030 agenda. By studying the SEC's risk management practices, this research will:
1. Expand Existing Literature: Add to the scholarly understanding of how risk management strategies can be adapted and applied effectively in complex and dynamic sectors like energy.
2. Provide a Framework: Develop a theoretical framework that integrates risk management practices with project performance metrics, providing a model that other organizations in similar sectors can study and adapt.
3. Highlight Sector-Specific Challenges: Shed light on the unique risk factors faced by energy projects, such as regulatory compliance, technological innovation, and environmental sustainability, enriching the academic discourse with a focused analysis.
1.3.2. [bookmark: _Toc191905152]Practical Significance
This research holds meaningful practical applications because it provides guidance to enhance risk management practices at SEC as well as other sector organizations in the energy industry. Research outcomes will demonstrate the relationship between risk management techniques and project completion results at SEC and in other energy sector organizations.
1. SEC project managers together with stakeholders will acquire data-based risk assessment capabilities that enhance their capacity to forecast upcoming risks and act as informed leaders and perform better in project management.
2. The analysis provides operational best practices along with specific recommendations that boost project achievements and time-to-completion and budget control as well as quality standards, which support SEC's operational achievements.
3. The initiative must back Vision 2030 through sustainable practices that enable project resilience and support Saudi Arabia’s economic transformation and infrastructure expansion.
4. Provide effective solutions to enhance the SEC’s risk management systems through practical approaches that identify adaptation procedures for managing risks related to renewable energy and smart grid systems.
5. The development of training sessions and policy refinements should identify areas requiring additional training for SEC staff to strengthen their project risk management capabilities thus building a risk-conscious organizational culture.
1.4. Research Objectives
1. To explore the role of risk management practices in enhancing the success of projects within the Saudi Electricity Company (SEC).
2. To analyze the impact of risk management implementation on key project outcomes, including project timelines, budget adherence, and quality standards at SEC.
3. I would like to identify and evaluate the most effective risk management strategies that contribute to the successful execution of projects at SEC.
4. To assess the impact of risk management practices on SEC’s ability to manage challenges associated with technological advancements, regulatory compliance, and environmental sustainability in project execution.
1.5. [bookmark: _Toc191905153]Research Questions 
1. What is the role of risk management practices in ensuring the success of projects within the Saudi Electricity Company (SEC)?
2. How does the implementation of risk management impact project outcomes, such as timelines, budgets, and quality, in SEC's energy projects?
3. What specific risk management strategies contribute most significantly to the successful execution of projects at SEC?
4. What is the impact of risk management on SEC's ability to navigate challenges related to modern technologies, regulatory changes, and environmental sustainability in project execution?
1.6. [bookmark: _Toc191905154]Research Hypotheses 
It is clear to us from the earlier figure that the current research attempts to determine The role of risk management on the success of projects in the Saudi Electricity Company.
Independent Variable: Risk Management (Effective risk, risk monitoring and control processes, risk mitigation strategies)
Dependent Variables: Success of projects
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[bookmark: _Toc191905352]Figure 1: Variables of studies


· H1: There is a statistically significant positive impact of risk management practices on the success of projects in the Saudi Electricity Company (SEC).
· H2: There is a statistically significant relationship between effective risk identification and assessment and the timely completion of projects at SEC.
· H3: There is a statistically significant association between initiative-taking risk mitigation strategies and budget adherence in SEC projects.
· H4: There is a statistically significant impact of comprehensive risk monitoring and control processes on the quality and outcomes of projects at SEC.
1.7. [bookmark: _Toc191905155]Study limitations
1. During 2024 the research will observe the Saudi Electricity Company (SEC) practices for risk management and project execution throughout this specified period of study. This study gathers information about 2024 specifically; therefore, the results may not include changes in practices or external developments after that period.
2. The study purely examines Saudi Electricity Company operations and projects as its spatial boundary. This analysis examines risk management practices at Saudi Electricity Company along with their relationship to project success across different SEC departments but excludes similar evaluations in the energy industry beyond Saudi national boundaries.
3. This study investigates the influence of risk management practices at SEC regarding project achievement by studying their current strategies and evaluation outcomes. The analysis will not thoroughly investigate all aspects that influence project success, and it does not study general areas outside of risk management in project management.
4. This project will specifically study employees from SEC by collecting data from project managers together with risk management specialists and engineers as well as other appropriate staff members. Embedded staff members from SEC will supply key information regarding real-world utilization and operational results of risk management systems within their organization. The research findings might face limitations because they depend solely on the selected participants' viewpoints, which may differ from the perspectives of other SEC staff members or external interests.
[bookmark: _Toc191905156]Chapter 2: Literature Review
2.1. [bookmark: _Toc191905157]Introduction 
Project success heavily depends on risk management in sectors that operate under conditions of high uncertainty and complexity together with substantial financial investment particularly among energy and construction industries. The strategic application of risk management allows projects to finish their timelines and maintain budget limitations in addition to achieving quality standards through reduced disturbances. The study examines published research about project success and risk management and its fundamental components, such as risk detection excellence and systems for risk oversight and reduction strategies. The initial part of the chapter analyzes risk management theoretical constructs and popular implementable frameworks using PMBOK (Project Management Body of Knowledge), ISO 31000, and enterprise risk management (ERM) principles. The discussion identifies project-related risks, which include financial, operational and environmental and technological elements, while demonstrating the techniques implemented by organizations to manage uncertainty. The review of best practices within risk management demonstrates various techniques including risk assessments as well as digital monitoring tools and contingency plans which improve project success.
2.2. [bookmark: _Toc191905158]Literature review 
The doctoral dissertation by (Alsulaiman, 2015) studied ways to enhance risk management approaches for Independent Water and Power Plant (IWPP) projects within Saudi Arabia. Successful IWPP projects that fulfill the energy and water requirements of Saudi Arabia require potent risk management strategies for their accomplishment. The study examined existing risk management approaches in order to discover implementation problems that develop new methods that enhance their operational effectiveness. The study filled an essential knowledge gap because it united theoretical risk management guidelines with IWPP project stakeholder and project manager operational experiences. The research utilized grounded theory methodology as it follows qualitative and inductive approaches to collect extensive details from IWPP project professionals. Project managers along with engineers and key stakeholders shared their experiences about risk identification methods together with assessment and management processes through in-depth interviews. The research design enabled researchers to thoroughly study the hands-on strategies and field practices of personnel who worked on these major projects. Formal risk management processes existed but did not achieve their intended practical outcomes effectively. The project faced essential obstacles because risk assessment systems were insufficient, and educational initiatives needed improvement, and numerous key stakeholders failed to actively take part. A major influence on risk management perception and implementation came from cultural factors together with regulatory environments according to the research findings. Effective communication together with stakeholder collaboration demonstrated itself as an essential element to enhance risk management practices. The study showed that proper risk management success demanded its integration within the larger framework of project management instead of being managed separately from other project activities. The author Alsulaiman presented various methods to boost risk management performance within Integrated Water Production Project projects. The dissertation analyzed risk management practices of IWPP Saudi Arabian projects by presenting four key strategies, which included specialized training for risk assessment competence development as well as new technology implementation for analysis enhancement and full stakeholder involvement with local and international standard compliance. The study seeks to enhance IWPP project effectiveness and resilience through integrated and initiative-based management strategies backed by improved stakeholder partnership and modern tools and better training practices. The research-based grounded theory develops a model that leads to enhanced risk management capabilities for upcoming projects.
Rehman and Ishak (2023) analyzed the impact of governmental regulations on the relationship between economic variables to risk management practices for Saudi Arabian contract companies. This research examined how legal structures affect risk management capabilities that contractors possess when they function in conditions of economic uncertainty. The authors establish that Saudi Arabian economic growth depends on construction activities yet needs effective risk management strategies to maintain project progress. Through its case study design the research obtained quantitative and qualitative data from Saudi Arabian construction contractors. The study analyzed how economic condition changes affecting both inflation rates and currency rates interact with government oversight to affect contractors' risk detection capabilities. Both research evidence and experimental data demonstrate how government policies backed by legislation aid in minimizing contractor risks by maintaining controlled operating procedures. The introduction of government rules acted as stability measures to control economic volatility and maintain project consistency. The study demonstrates that government agencies need to take regulatory actions to develop effective risk management systems. The process of connecting contractor operations to modern policies requires better collaboration between regulations and contractors as business partners. Enhancing project performance results when economic risk management cooperates with project compliance measures. The government needs to adjust its policies to create suitable conditions that offer financial support to contractors who need help managing economic obstacles.
The power supply industry in Saudi Arabia underwent thorough examination of its project challenges by Alhoweish (Alhoweish, 2011). The doctoral analysis focused on critical delivery issues that occurred during projects in order to develop efficient solutions that optimized sector execution. The booming Saudi Arabian economy demands effective power supply project execution because it guarantees steady energy availability, therefore supporting the country's economic growth. Alhoweish implemented mixed methods in his research by performing expert interviews, which included stakeholders from industry and project managers and subject matter experts who work on power supply projects. Project implementation encountered fundamental hindrances per research evidence, which included bureaucratic obstacles together with resource shortages, technical problems, and delayed decision-making processes. Controlling project timelines proved difficult because different stakeholders found it difficult to coordinate and failed to properly handle project risks. The dissertation advocates for delivering projects better through improved mechanisms because regulated streamlining and advanced risk management processes increase project performance. Alhoweish identified solutions for the majority of problems that arose when he implemented improved communication with stakeholders and advanced project management technology. The research members discovered that stronger strategic planning should receive greater emphasis in project execution success because unpredicted obstacles appear frequently. The researchers argued for enhanced training for project managers as well as improved strategic planning to lessen such problems. The research by Alhoweish proves how necessary it is for Saudi Arabia's power supply industry to transform and optimize its project implementation practices. Problem resolution throughout the industry leads to shorter project durations together with improved resource management and superior project completion results. Policy makers and project managers used the study recommendations to create a basis for improving industry project execution standards.
2.3. [bookmark: _Toc191905159]Theoretical foundations of the study
2.3.1. [bookmark: _Toc191905160]Overview of risk management in project success.
Project management requires risk management as its fundamental element because this practice directly influences both project achievement and project longevity. The risk management process requires examining potential threats that oppose the successful completion of project goals. Two key benefits of proper risk management enable projects to stay on schedule and within budget together with the achievement of expected quality and results. Through proactive risk management project managers can identify upcoming challenges so they can develop strategies to prevent and decrease adverse impacts, which enhances project resistance. Risk management approaches go further than problem response because they follow a complete method of predicting difficulties before they emerge. The project planning stage must start with risk assessments that assist teams to recognize threats and create emergency response strategies. The comprehension of foreseeable hazards allows project managers to make intelligent decisions leading to minimized project disturbances and a controlled predictable environment. Proper execution of risk management planning leads to better team interactions while facilitating cooperation between team members and stakeholders. When risk potential becomes clearly identified and communicated through the organization, it ensures all participating parties gain awareness about existing challenges and understand which responsibilities they must take to minimize them. Stakeholders feel more confident about supporting the project because they see that the team possesses capabilities to manage unexpected situations, thus strengthening their trust (Alhoweish, 2011). 
The implementation of risk management leads to resource optimization throughout projects. Project managers who understand their expected risks and their probable effects can use this knowledge to distribute their resources effectively with minimal waste or postponement of tasks. The initiative-taking method helps projects maintain continuous flow and optimize time usage as well as budget and personnel distribution. Due to effective risk management teams gain a flexible project strategy that helps them quickly adjust their approach to handle uncertainties while continuing project development. Implementing risk management through the progression of project stages enhances project success possibilities. Projects that allocate resources for risk management achieve better control of uncertainties while maintaining their goal progress. The implementation of risk management produces teams that show greater resilience because it supplies them with crucial tools and forward-thinking assessment power to overcome difficulties successfully. This initiative-taking framework creates objective protection by showcasing organizational value and demonstrates the capability to overcome complex tasks in unpredictable situations (Alsulaiman,2015).
2.3.2. Importance of risk management in project success
The fundamental application of risk management inside project management produces substantial project stability that results in achievement goals. The predictive capabilities of risk management generate initiative-linked responses to minimize disruption effects, which drive its success factor. Project delivery success emerges from strategic foresight gained in risk management because it supports leadership in uncertainty response and continuous project operation to maximize resource utilization (Oke et al.,2023).
Risk management stands as the fundamental element for project success because it enables maintenance of project timelines alongside budget performance. Execution of projects becomes challenging because project obstacles such as scope alterations and staffing constraints alongside unexpected outside factors can strike these initiatives. Formation of project timelines and budget targets suffers risks whenever teams abstain from developing a structured system to analyze and remove potential threats. Strong financial governance and smooth project operations result from effective risk management since organizations can find challenges in advance to develop protection strategies. Risk management implementation leads projects to achieve better decision-making conditions. Project teams that conduct in-depth risk assessments create essential understanding about probable difficulties while discovering potential growth opportunities. Managers can create optimal risk-weighted strategies by analyzing the project data they obtain. Accurate definitions within risk management plans enable decision-makers to pick between options by applying benefit versus impact assessments (Alsulaiman, 2015).
Project success depends heavily on stakeholder confidence, which risk management establishes as an essential mechanism for keeping this level of trust. Investors seek security knowing that their funding stays protected while the project workforce demonstrates skillful handling of difficulties. Constructive and direct exchange of both risk information and protective action methods helps stakeholders stay confident with the project. By demonstrating their risk management capabilities, the project team preserves stakeholder support throughout the entire project duration. Risk management success enables projects to strengthen their ability to adapt during execution phases. Risk management systems create projects that deal with unknown changes alongside unexpected incidents in a more effective manner. Project teams maintain progress through continued forward motion by adapting to unexpected challenges because of their adaptability. Strong response systems provide projects with fast recovery capabilities that lead projects to become sustainable in the long run. Risk management enables better resource usage because it focuses project efforts on essential areas. Through analyzing current hazards project managers learn improved methods of distributing resources to minimize waste of funds without affecting schedule deadlines. Strategic resource management protects organizations from waste while it makes operations more practical and vital duties obtain the highest priority. Risk management stands essential for projects to achieve regulatory compliance. Each project serving regulated industries should meet specific requirements that exist in their respective guidelines. Through risk management project teams find compliance risks to develop minimization strategies that preserve the adherence to legal requirements during project execution. Project reliability and professionalism improve through regulatory risk monitoring because it shields the project from legal threats (Ikediashi et al.,2015).
2.3.3. The most important principles essential for managing risks 
Every project in order to succeed needs effective risk management practices for its sustainability. The structured method improves risk spotting capabilities by letting teams evaluate individual risks which enables the implementation of reduction approaches that limit negative outcomes on project results. The main principles described by Alragabah & Ahmed,2024 guide strategic risk management operations.
As the base of sound risk management risk identification works as the fundamental step to discover all potential threats that might affect the project. A deep examination must occur which combines internal conditions with external conditions to determine what puts project success at risk. The identification of potential project risks occurs through standard methodologies including brainstorming, expert consultation, historical data assessment, and SWOT analytical processes. Project teams will prepare for upcoming challenges when they identify all potential risks early in the planning phase.
1. Projects require officials to carry out risk assessments by establishing their probability of occurrence and the level of project damage they could create. The risk assessment helps project managers establish which threats need urgent attention first. The evaluation of risks relies on risk matrices and probability-impact charts and Monte Carlo simulations and other quantitative techniques for effective risk management practices. The project team manages risks best by first identifying their most critical threats which allows them to allocate resources efficiently to control these risks.
2. Having initiative in risk management means developing plans that address potential threats before they happen. The development of risk response plans should specify the exact actions required to reduce or eliminate risks. The degree of risk severity determines which management strategy should be applied between avoidance, reduction, transfer, or acceptance. The project team maintains a high level of project momentum through quick and effective decision-making when risks actually occur because proper risk-response plans exist beforehand.
3. Risk management activity consists of continuous assessment and monitoring, which transforms into risk management practice instead of existing as an individual process. Defined risks must be tracked together with new risk detection across the entire project life cycle. Periodic risk assessments and plan improvements in risk management systems foster operational efficiency during the entire project duration as the conditions evolve. Real-time system changes enabled by this method produce better methods of risk control.
4. Elementary Risk Management Depends on Open Communication Systems Combined with Stakeholder Involvement. Each project stakeholder from the team members to the clients to external partners requires complete knowledge regarding present risks together with current risk management approaches. The inclusion of stakeholders in risk management processes leads to enhanced outcomes because they gain mutual knowledge about their responsibilities in risk minimization. Communicating openly helps staff teams build trust with stakeholders so these stakeholders fulfill their duties when support is needed.
2.3.4.  Risk Mitigation Strategies
Project success planning requires risk mitigation because it functions as an essential managerial approach to create protective measures for stopping project success interruptions. Leaders who use these methods during project execution can protect their initiatives from unpredictable changes by maintaining the base project framework. Every organization must deploy specific risk management methods to successfully control risks as stated by Alsulaiman et al.,2014.
1. Risk Identification and Prioritization  
A risk mitigation system demands organizations to discover possible risks followed by strategic organization of these elements. Systematic project analysis helps organizations detect upcoming problem zones because this method reveals how weaknesses from resources and timelines and technology and external elements affect operations. Project documentation that displays risk severity together with SWOT analysis results comes from risk registers, and these combined elements provide organizations with project risk monitoring capabilities. Risk priority determination gives managers the means to detect critical situations that need urgent protective steps.
2. Developing Contingency Plans  
Organizations need to develop complete backup procedures for risk protection in order to succeed with contingency planning. The project reduction measures along with solution strategies appear within documented written instructions contained in the plans. When critical supplier delays occur, organizations need to activate backup procedures that enable new supplier sourcing alongside immediate procurement systems. Fast reactions that prevent delays and minimize reactive decision costs stem from project teams that draft contingency plans.
3. Risk Avoidance  
In project management risk avoidance strategy works through plan modifications that achieve this goal to minimize potential risks. Project prevention of understood risks demands various changes, which begin with changing objectives followed by rearranging work scope and then choosing alternative project approaches. Project risk avoidance as a strategic approach reduces creativity along with adaptation capacity because it requires identifying and stopping potential security issues. Following the assessment of unfavorable aspects of risk avoidance managers must determine its beneficial features before making required modifications to project plans.
4. Risk Transfer  
When project management delivers a defined risk management assignment to another organization, it is known as risk transfer. Directorates can reduce risks through four main risk transfer techniques, which unite project outsourcing with insurance acquisition and supply chain management. The protection of project teams from property destruction risks comes from liability insurance products, which enable them to start working with third parties to handle supply chain interruption duties.
5. Risk Reduction and Control Measures  
Risk reduction methods establish control systems with the dual purpose of preventing risks and their associated effects. Ordinary organizations should implement control systems that unite contemporary project management methods and funding allocation for improved supplies and worker training systems to achieve better performance results. Organizations operate modern technological tools for automatic project task handling to minimize the probability of human errors appearing. Organizations need continuous project performance assessment from beginning to end for their risk-based control measures under evaluation.
6. Risk Sharing  
Possible project risks can be divided amongst project partners through the risk sharing principle. Stakeholders engage in strategic alliances to perform risk distribution procedures during multi-party partnerships for risk management operations. The sharing of project risks across multiple stakeholders under strategic partnerships allows all parties to combine forces and solve project problems together, thus relieving any risk burden on a single entity.
7. Regular Monitoring and Reassessment  
Project-based risk mitigation requires regular assessment through periodic rhythmic evaluations to determine effectiveness during the continuous advancement of projects. Project managers must schedule periodic assessments to identify active risk procedures and detect fresh security risks. Regular reviews of risk plans allow project leaders to rapidly adapt their project through changes in the environment. Real-time risk monitoring depends on systems that connect key risk indicators with performance dashboards as well as performance metrics.
8. Building a Risk-Aware Culture  
Risk-conscious cultures both advance project team risk control measures and strengthen risk security protocols across the whole organization. The risk mitigation approach developed by staff members results in initiative-based risk management practice frameworks because they actively identify risks through their risk mitigation input. The combination of team training along with solid communication pathways helps members develop risk awareness, which leads them to success through uniting their responses on implemented strategies.
9. Leveraging Technology and Tools  
Business optimization occurs when risk mitigation processes integrate systems for detecting risks with detection capabilities. Efficient discovery tools for locating risks become possible through the use of risk management software and predictive analytics and project management platforms, which improve assessment results and response abilities. The precise risk predictions from technological system data lead to both well-informed decision making and fast response capabilities.
2.3.5.  Tools and Techniques for Risk Management
Organizations apply defined risk assessment tools that decrease hazards to maximize accomplishment of business targets. Organizational managers should adopt existing risk management tools that enable precise prediction of future obstacles for successful execution. The accepted risk management tools and techniques identified by Areiqat et al.,2018 appear in the following list.
1. At the core of the Risk Register lies complete documentation, which accounts for every risk connected to organizational procedures and projects. The risk register maintains descriptions of risks together with probability evaluations and outcome predictions and specific assignment of responsibilities for risk response execution and monitoring duties. A risk register maintains its function as an active project document from one stage to the next to track new risks and evaluate risk response actions during project development. The tool enables project members to monitor all risks clearly by ensuring every potential unwanted occurrence remains under observation.
2. Standard SWOT analysis projects enable managers to evaluate elements using internal and external aspects through strength and weaknesses as well as opportunity and threat reviews. Managers can identify threats together with opportunities through SWOT evaluation because it helps them understand their organizational weaknesses and internal strengths to develop strategies for utilizing their capabilities against their weaknesses and seizing both opportunities and fending off threats. Project managers succeed in performing strategic decision-making and building risk management strategies through complete risk assessment.
3. Through Probability and Impact Matrix project managers can establish risk positions according to predicted outcomes and probability assessments. Risk positioning takes place on a systematic chart that uses probability estimation on one axis with impact level estimation on the other. Managers focus on their most critical urgent risks by viewing this representation to optimize their resource allocation for suitable response preparation.
4. Failure Mode and Effect Analysis (FMEA) serves as a method to assess systems and processes systematically so failure possibilities with their consequences can be identified. Research results based on failure severity and probability and detection ability enable calculation of Risk Priority Numbers through this method. Operations face more serious threats from projects that have elevated RPN ratings. The FMEA assessment method enables organizations to establish project threat criticality rankings for generating precise mitigation strategies.
5. Project managers use the Probability and Impact Matrix to develop risk positions, which depend on forecasts and probability analyses. Risk positioning occurs on a systematic chart where managers use probability estimation for one axis while impact level estimation marks the other axis. Managers identify their supreme urgent risks through this tracking system to choose appropriate response preparations by maximizing their resource usage.
6. The system evaluation method Failure Mode and Effect Analysis (FMEA) enables systematic process and system assessment to find potential failures together with their associated consequences. The application of research data involving failure severity as well as probability and detection ability allows organizations to generate Risk Priority Numbers. Operations need to address projects raising their RPN ratings because they present major operational threats. The assessment methodology of FMEA helps organizations establish threat rankings of projects to develop specific mitigation strategies.
7. Visible team risks become evident because of the joint impact of workshop activities and the collective brainstorming between team members and stakeholders. When different risk assessments are performed simultaneously the method reveals dangers that cannot be discovered through solitary evaluation. Staff-led workshops allow team members to discuss risks which results in better risk management plans through developed response strategies.
8. Multiple decision routes are depicted in Decision Tree Analysis diagrams that present both their possible results together with associated benefits and risks. Managers employ this assessment method to examine and understand the anticipated outcome values from different possible decisions. Decision tree analysis serves organizations to handle complex risks and strategic selection processes because it reveals methods to reduce damaging consequences alongside the utilization of advantageous situations.
9. The combination of risk management systems with programming code creates automated tracking systems through Risk Management Software which analyzes data to generate reports available to project management tools. Management performs better risk tracking thanks to risk management software because the system tracks precise data acquisition and offers live feed updates that help identify successful risk mitigation solutions.
2.3.6. [bookmark: _Toc191905165]Types of Risks in Electricity and Energy Projects
Every electric and energy project needs extra funding together with contemporary technological systems supported by strong management strategies for operational success. Multiple environmental threats exist that endanger financial targets together with project deadline requirements. Risk detection must be integrated with safety reduction methods to ensure durable operations of energy systems. Two primary risk factors and one secondary risk cause instability throughout energy projects and electricity operations.
1. Technical Risks
The convergence of design-based issues with equipment failures and technological breakdowns and engineering process failures produces several technical risks. Modern electricity projects struggle to function since they assume flawless execution of contemporary connecting devices, which link power capabilities to network systems. Project delays and higher costs emerge from operational failures as well as defective systems that produce failures during operation. Operational facilities of oil and gas fields together with hydroelectric plants produce less power than projected amounts after initiation. Power infrastructure scenarios have become challenging for new technology implementation in electrical distribution networks because most existing equipment remains old-fashioned. Excellent standards of equipment engineering solutions and extensive testing programs combined with continuous monitoring implementations decrease technical system risks.
2.	Operational Risks
Every business development phase faces poverty-related challenges from the initial project launch until complete project management responsibilities are met. Project completion schedules must function during development times since they manage risks and protect workers by using correct material handling procedures across all sites. The poor link between regulatory organizations and both government departments and their contractor operations creates their main operational risk through inadequate communication networks. Project scheduling extends due to organizations requiring necessary permits together with formal implementation authorizations. The market performance standards experience major implementation challenges because of insufficient talent for solar rooftop installation and wind turbine operation. For effective operational risk management system development, organizations need highly detailed project preparation and thorough training of all performing personnel who communicate regularly with stakeholders.
3.	Regulatory and Compliance Risks
The energy sector maintains its need for regulatory requirements because environmental protection and defense readiness form the foundation of its necessary purposes. During the execution of all electricity projects National authorities together with power organizations and environmental institutions must exactly follow regulations that the government has endorsed. Businesses that disregard authorized regulations face severe financial consequences while their construction timelines expand, and their facilities must shut down permanently. The rising limitations that governments impose on coal power facility emissions prompt companies to investigate clean energy technologies or construct renewable platforms. Projects related to electricity operations continue to generate profit until official authorities modify energy price policies through privatization and subsidy measures. Companies in the energy sector need to keep track of new compliance standards when creating predictive methods to stop possible court actions.
2.3.7. The energy sector ought to implement various risk management procedures as a defensive measure.
The economic advancement originates from power distribution because it drives technological progress through essential energy sector technology. Security threats make the energy sector the most vulnerable target due to the extensive implementation of external network interfaces. Organizations can sustain continuous power distribution through analysis of sector-specific dangers to maintain operational stability in their facilities. Specially designed risk management tools for the energy sector help businesses to operate continuously and simultaneously boost performance levels and regulatory compliance standards.
A risk management technology launch in the energy sector must involve accomplishing operational threat evaluation and consequence assessment processes by all organizations. Advanced power development projects experience complex challenges because unstable financial results generate operational problems stemming from environmental restrictions and regulatory policy changes. The considered operational predictions for risk-review purposes result from running modeling systems through historical data by employing data analysis tools. Strategic planning developed through systematic risk identification brings organizations to operational stability while reducing financial costs.
IGN Energy faces significant challenges when it comes to implementing new regulatory requirements and essential operational laws the organization needs to follow. The successful implementation requires organizations to implement power production standards developed by international agencies in combination with established security measures across all nations. Environmental security requirements together with workforce security standards derive from the entire regulatory system that regulates both energy pricing procedures and staff requirements. Failed adherence to mandatory regulations results in damaging public feedback and monetary losses as well as operational service interruptions. Secure and affordable power requires three core risk management procedures starting from official regulatory assessments and regular contact and employee training about systematic regulatory changes.
Startup companies experience substantial risks because they must face large startup financing expenses while energy project values remain unpredictable. The financial stability of Energie companies remains at risk due to fuel price changes that produce unplanned expenses, which cause damage to their supply chain systems as well as business stability. Organizations require systematic risk management policies to minimize fuel expenses, but businesses need to create budget forecasts that incorporate emergency preparedness strategies. Price market uncertainties cannot disrupt energy business stability since their financial protection systems keep the operations secure.
Organizations now identify sustainability together with climate risk management as their top operational focus to handle deterioration from energy operations on the environment. The increased environmental developments and worsening disaster frequency along with tightened limits on carbon emissions force energetic businesses to change their procedures to meet new demands. Companies construct renewable power systems through financial schemes that involve partnership development for solar power systems wind energy projects and hydroelectric plant installations to combat environmental harm. The adherence to corporate environmental compliance targets depends on operational sustainability, which implements carbon offset programs that follow international energy efficiency standards.
Modern energy sector digitalization processes pose the most significant security threat because they introduce essential security points of failure. Digital networking produces two security challenges by creating security risks that desire protection because of the connections between industrial control systems and the smart meter devices of the energy grid. The entire energy infrastructure becomes vulnerable to computer attacks that produce power failures together with financial losses and unauthorized access to information assets. The development of encryption methods combined with real-time security systems must be implemented by energy companies, who also need to organize employee cybersecurity instruction programs for security prevention measures against cyber threats. Infrastructure field-level security stands as the most important element to support energy services operations because it protects basic operational requirements. A continuous electrical power distribution depends on this requirement.
Energy project investments generate substantial uncertainty through the high costs of initial capital expenditures, which match market price volatility. The operational stability of energy organizations declines due to a combination of unexpected costs together with supply chain breakdowns and unpredictable fuel costs. Organizations must develop comprehensive risk management solutions that integrate diverse investment techniques to manage fuel expenses together with established contingency funds within budgets because of monetary threats. Market transformations require energy companies to implement financial safeguard systems that protect their monetary stability.
Facility operators experience safer working environments through power generation operations connected to industrial utility, thus triggering operational failures. The failure of energy supply occurs because integrated systems and supply chain staff networks do not achieve their desired performance targets. Through their partnership AI with IoT enables companies to detect equipment failure warning signs ahead of equipment breakdown. Two central methods exist for Organizations to build adaptive energy operational capabilities: supply chain network connections and running standing emergency response centers.
Energy organizations select operational sustainability as their main priority to handle urgent environmental effects from their energy-related activities. Energy business operations receive direct interference from environmental disruptions along with regulations controlling carbon emissions. The funds from various organizations go toward building renewable power facilities that integrate solar power systems with wind energy systems along with hydroelectric plants to safeguard the environment. The companies utilize two environmental compliance frameworks to link the carbon offsetting operations with efficiency enhancements that meet their commitments to international standards.
The digitalization of the modern energy sector generates severe security challenges, which constitute the most demanding digital protection threat for this sector. Engineers face combined cyber threats toward the energy grid from digital networking due to the numerous unauthorized access points that industrial control systems together with power systems and smart meters present. Attacks against infrastructure systems result in power outages alongside financial losses combined with leaks of sensitive data that affect operation control at energy installations. Preventing cybersecurity attacks on the energy sector requires business implementation of encryption systems together with real-time security monitoring solutions as well as employee training focusing exclusively on cybersecurity issues. Energy services need maintenance of secure digital infrastructure because stable operational bases are essential for their functionality.
2.3.8. [bookmark: _Toc191905167]Challenges in Implementing Risk Management
A business requires risk management systems for project protection that also uphold efficient operation. Organizations find it difficult to implement risk management practices for operational processes, while risk management plays a crucial role in their operations. The obstacles resulting from these challenges make it difficult to succeed with risk management program delivery along with future threat assessment. The implementation of internal risk management faces major difficulties according to (Alsulaiman, 2015).
1. As the primary organizational barriers, organizations fight with limited resources including short deadlines and minimal financial support and minimal workforce. Danger assessment operations need extensive resources combined with firm employees who utilize complicated monitoring requirements and specialized tools. Small organizations and many other entities encounter problems when they need to spend enough funds on developing full risk management systems and sustaining them. A lack of proper resources for protecting against unexpected events through assessments and strategies amplifies organizational exposure.
2. For organizations to achieve risk management success all team units must receive active leadership engagement throughout every unit. Risk management initiatives require substantial support from top leadership positions to obtain enough authority for carrying out their programs. Risk management programs reach only limited organizational achievements since executives choose to prioritize alternative work tasks over implementing risk management strategies. An organization cannot overcome the barrier until its leaders provide total backing throughout the organization.
3. Several challenges occur when employees show limited risk awareness following extra educational efforts from their employer making it hard for them to maintain proper risk management procedures. Staff members who have inadequate risk understanding as well as hazard reduction abilities create weak risk management systems. Every workplace team member needs regular training due to educational risk awareness that equips the team for effective risk management.
4. Workers in companies do not accept new workflows because they consider rare bureaucratic requirements and unnecessary threats to disrupt their established methods. Staff members fail to achieve effective risk management when they expect operational delays while doubting the approach validity which compels them to rely on previous traditional methods. Team members need risk management support, which both planning process inclusion and direct information transfer provide them with.
5. Industrial programs that involve numerous complexities make risk assessment more complex as organizations execute large-scale projects. Team groups conducting risk assessments need to carry out comprehensive examinations of various possible scenarios that need assessment. Project groups face a decision point where they prioritize quick risk checking as an item eliminator or opt to pass up required risk assessment in challenging risk management cases. The use of structured breakdown systems for complicated risk evaluations enables teams to implement simplified risk management methods which prevent this issue.
6. Organizations need standard risk procedures because they use different identification methods which generate diverse evaluation criteria. Standardized protection from risk management consolidation programs enables departments to receive the same level of protection through standardized approaches. Organizational departments use standardized risk management systems with industry best practices to establish standardization rules.
7. Modern risk management depends heavily on appropriate technological implementation for the continuous data collection process and analysis of information. Most organizations are unable to find appropriate technological solutions that would enhance their risk management procedure. The implementation of technological strategies faces hindrances from organizations that must choose between paying insufficient technology expenses while training insufficient personnel and implementing new operational methods. The practice of regular human-based risk assessments coupled with environmental and behavioral mistakes results in major difficulties for operational real-time monitoring systems. The solution for this issue will emerge from organizations that develop improved risk management software alongside proper staff member training.
8. The assessment of market changes and legal requirements represents an external risk challenge because organizations face difficulties in determining severity levels and measuring accuracy correctly. The assessment of risk consequences proves difficult for organizations during their process of determining risk priority levels. Using qualitative risk assessments creates subjective interpretations among staff members who apply different risk assessment methods to their management approach. Risk evaluations need both qualitative and quantitative assessment methods for organizations to develop features that combine abstract and concrete risk analysis techniques.
9. Both risk management and strategic planning function at different operational levels although they should unite into one collaborative system. The majority of organizations maintain independent operations for their strategic planning functions together with their business activities. Risk unmanaged strategic planning leads organizations to face difficulties because it becomes challenging for them to link their risk reduction tactics to their organizational targets. When risk management unites with business strategies, it produces beneficial outcomes since critical plans aid decision-making to evaluate risks from different angles leading to protected future organizational goals.
10. Follow-up processes and monitoring activities that fail to function properly render all developed safety plans ineffective. Organizations that do not track risks consistently will miss new emerging threats while potentially seeing previously identified risks transform in critical ways or degree of severity. Organizations that conduct systematic reviews through automated monitoring tools remain informed about their evolving risk environment to make necessary strategic adjustments.
2.3.9.  Aspects to Evaluate When Assessing the Success of Project Risk Management Implementation
Organizations and project teams use risk management success evaluation to determine their capabilities regarding threat identification and assessment and threat minimization. The evaluation of project risk management success combines both qualitative and quantitative assessment and allows stakeholders to provide verbal feedback and perform post-project assessments. Stakeholders and project managers use this assessment procedure to establish effective strategies, thus enhancing project performance while making them more resilient for future work. The upcoming part discusses essential risk management success factors in project execution per Muhammad et al.,2024.
For effective risk management to occur a project must achieve all three critical elements: its timeline, financial plan, and project scope requirements. Amid the project development lifecycle successful completion of targets indicates proper risk management practices since budget constraints and timeline requirements are preserved alongside high quality deliverables. Risk management performance evaluation performs an assessment by measuring actual results and their expected counterparts for identifying variations and establishing risk effectiveness levels.
The implementation of strategic risk management reduces both the risk severity level and the occurrence frequency of risks in the organization. The rate of risk management success can be evaluated by comparing team-identified versus actual risks as well as rating risk severity after they materialize. Risk management strategies that work effectively produce fewer major risks during the project while simultaneously decreasing the number of project-threatening risks. A successful method to determine compliance involves measuring risk management plan execution. The evaluation process confirms that all procedures mentioned in the risk management plan were properly followed by the team, particularly concerning risk identification, assessment, response, and monitoring activities. Teams achieving project success when they carry out risk management practices with strong compliance achieve superior results. The achievement of Project success within risk management depends on feedback received from stakeholders and team members. Project stakeholders use quality evaluations about risk communication and efficiency scores for response execution and member support assessment across project operations. Risk management practices collected positive feedback because they delivered transparent collaboration, which led to successful outcomes.
Financial cost variance analysis through CV delivers precise measures about how risks compare to the planned budget values. Project managers perform analysis on budgeted cost of work performed (BCWP) by checking it against actual cost of work performed (ACWP). The successful management of risks through financial effects becomes clear by achieving budget targets or surpassing them. Any major budget increase indicates that the project lacks effective risk identification capabilities and risk management techniques. Schedule variance (SV) stands as an essential management tool for project team leaders, since it demonstrates how risk management tactics adapt planned scheduling. This metric compares the planned timeline with the actual progress of the project. Management paid adequate attention to forecasted schedule threats because planned project durations were almost identical to actual delivery times. The primary reason behind project delays running longer than their original estimates is poor risk assessment alongside ineffective risk response strategies. Risk management performance assessment relies on tracking the instances where risk plans must be executed within project periods. Positive risk management occurs when risk-based planned activities perform successfully following the realization of authentic threats. Performance reviews of risk management plans occur through frequency rates of response activation, which demonstrate effective risk monitoring systems.
	Financial returns from risk management expenses come from proper implementation of risk management frameworks that result in cost savings. Positive investment returns from risk management activities indicate value addition to projects because they prevent bigger cost explosions. The measurement tool enables project managers together with stakeholders to demonstrate the value of risk management funding decisions during the project planning phase. Project objective achievements can be evaluated because of the collective power of lessons learned sessions and post-project reviews. The project assessment process should evaluate risks both those that received active management and those unexpected events that unexpectedly affected the project outcomes. The gathered information goes through organization to enhance risk management techniques that improve future projects.  The various project assessment procedures combine quality assessment with risk management delivery assessment. The achievement of superior quality performance enables project requirements to survive through risk management success. The evaluation of this outcome depends on satisfaction ratings together with rework needs and defect numbers. Risk management tactics generate success through effective performance of organizational personnel during critical situations. Teams achieved a new advantageous phase within risk management performance by implementing ready culture and ready stance systems during unpredictable and immediate challenges. Received feedback enables measurement of this measure through essential learnings and observations.  
2.3.10. Risk Management Strategies applies within
1. Regulatory Compliance and Legal Risk Management  
Business operations need a fundamental integration document for combining supply chain risk management solutions with procurement risk management strategies. International commercial suppliers provide all essential critical components and turbines along with fuel equipment and spare parts to the Saudi Electric Company. The chain from cost hikes leads directly to project extension because both geopolitical tensions and trade restrictions with supply network management issues together create supply chain breakdowns. The company decreases supplier risks by obtaining essential materials from different vendors through all stages of procurement. Through its designation as a key business asset the strategic equipment inventory allows the company to defend itself against supply chain interruptions. Decentralized blockchain procedures implemented by the SEC generate supply chains that preserve complete security and deliver superior inventory tracking capabilities.  
2. Crisis Management and Disaster Recovery Planning  
SEC developed an all-inclusive disaster management plan to guide disaster processing methods and system maintenance for cyber events and business stoppages. System maintenance operations start after the power grid disconnects through activation of backup power systems by SEC emergency teams. The commission executes preparedness readiness assessment protocols to merge employee disaster management exercises with system assessment conducted in recovery practice drills.  
3. Workforce Safety and Risk Management  
SEC utilizes operational equipment as a protective measure for its staff members according to essential workforce protection protocols established to handle electrical dangers combined with stormy weather and hazardous equipment hazards that exist in the hazardous energy sector. SEC upholds its commitment to workplace safety by providing essential gear under distribution plans, and it requires safety procedures for regular use and emergency preparedness testing for all employees. The organization attains complete workplace safety success combined with global standard compliance by sustaining its safety culture.  
4. Future Trends in Risk Management for SEC  
The Saudi Electric Company uses their investments in artificial intelligence solutions and big data analytics technology systems with automation to enhance their risk management capabilities. SEC operates risk monitoring systems that trigger automatic alerts while executing previously defined response processes. The Saudi Electric Company executes its development strategy through smart grid development along with energy storage systems to generate sustainable power thus supporting Saudi Vision 2030 sustainability targets. The protective security framework at SEC emerges from security partner collaboration efforts, which enhance digital defense systems for critical infrastructure networks.  
5. Environmental and Sustainability Risk Management  
All business operations at the company run environmental risk management systems as part of continuous processes due to its understanding that the global energy sector will shift towards renewable energy expansion. The subsidiary Energy Development Company operated by Saudi Electricity Company (SEC) designs renewable facilities that generate power from wind and solar sources to reduce traditional fossil fuel dependency. SEC uses Environmental Impact Assessments (EIA) to evaluate new projects based on all sustainability requirements established by SEC. The SEC-developed risk-mitigation plans received organizational approval for increasing the reliability of power infrastructure during storm response procedures.  
6. The essential implementation technique requires organizations to unite supply chain risk management strategies with procurement-related risk reduction systems.  
The Saudi Electric Company purchases essential power transformer elements from its international vendors together with turbines and fuel materials as well as substitute components. The duration of projects gets extended because of higher costs that occur because supply chain disruptions emerge from geopolitical conflicts and trade restrictions as well as below-average supply network collaboration. The company reduces supplier risks through its strategic decision to procure materials from various providers. The business maintains strategic equipment inventory as its core operational resource for supply chain disruption management. Blockchain technology applied to procurement network operations at SEC achieves the most secure supply chain status together with the best standards of inventory tracking.  
7. Crisis Management and Disaster Recovery Planning  
SEC established a broad disaster management plan to efficiently handle system breakdowns together with natural incidents and cybersecurity events. The SEC conducts maintenance activities through backup power systems after the electrical grid defines its service termination time. The commission carries out disaster recovery practice sessions to evaluate response systems and determine employee ability in crisis management processes during emergency preparedness readiness checks...  
8. Workforce Safety and Risk Management  
The safety resources at SEC defend employees because maintaining worker safety remains the key to dealing with electric hazards, extreme temperatures, and heavy machinery operations in hazardous energy facilities. Workers receive protective gear from the SEC and undergo safety training at regular intervals and must pass emergency readiness tests as part of their required standards plus their staff OHS regulations enforcement. SEC's safety culture enables the company to maintain fewer workplace accidents while following all international safety requirements for work areas.  
9. Future Trends in Risk Management for SEC  
Security Control and Defense Company drives risk management development through technological investments in artificial intelligence systems combined with big data analytics technologies and automated solutions. SEC utilizes modern systems to monitor running risks which enables these systems to trigger automatic alert functions and initiate preprogrammed protective actions. The Saudi Electric Company implements a development plan that combines smart grid solutions and carbon-neutral power generation and energy storage systems to support Vision 2030 sustainability targets.  


