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Abstract
The oil, gas and petrochemical industries operate in a complicated environment along with high risk. These originations have a huge capital, high uncertainty operations, market changes and technological challenges. Hence, risk management and market evaluations are crucial for long term operation stability and business performance. This study evaluates the impact of the Benefit-to-Cost- Ratio (BCR) methodology on risk reduction in the oil, gas and petrochemicals plant by using Petro Rabigh plant in Saudi Arabia as a case study. During the study, quantitative and qualitative methods research were adopted where the quantitative data collected by circulating a unique survey among fifteen experienced members from different relative departments such as engineering, projects, planning and risk management. While the qualitative data were collected by scheduled a semi-structured selected face-face interview. Moreover, illustrative BCR calculation and sensitivity analyses were implemented to evaluate the applicability of using BCR methodology in project evaluation and risk informed decision making. The results support all the six hypotheses that the study was suggested. In addition, the participant in the interviews and surveys was supported utilizing the BCR methodology as a supported tools in project prioritization, decision-making and resource allocation. Moreover, the interview’s results demonstrate that the BCR methodology can improve the transparency, lead to project prioritization which produces more value to the organization and then minimize the business risk. The sensitivity analyses and BCR show that the projects with high BCR values are economically viable under uncertainty conditions and have better justify investment decision making. The study concluded that utilizing the BCR methodology along organization decision making process will improve the risk management practice which will enable the companies to better resource allocation, evaluate alternatives and prioritize the investment that led to increase the operational reliability and business risk mitigations.  The study contributes to the literature by engaging the engineering economic evaluation and risk management practice to the oil, gas and petrochemical sectors.
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List of Terminology

[bookmark: _Toc235055386][bookmark: _Toc237455780][bookmark: _Toc237456861]Benefit-to-Cost Ratio (BCR): An engineering economic indicator that compares the present value of project benefits to the present value of project costs to understand economic viability. A BCR greater than 1.0 indicates that project benefits are greater than project costs. 

[bookmark: _Toc235055387][bookmark: _Toc237455781][bookmark: _Toc237456862]Business risk: The risk that the business will lose money, have a company disrupted or fail due to internal or external uncertainty. 

[bookmark: _Toc235055388][bookmark: _Toc237455782][bookmark: _Toc237456863]Risk Management: A way of identifying, assessing, evaluating, mitigating, and monitoring risks to reduce the impact of risks on an organization’s goals and objectives. 

[bookmark: _Toc235055389][bookmark: _Toc237455783][bookmark: _Toc237456864]Economic evaluation: The comparison of the cost and expected benefit of other projects or investments to make decisions. 

[bookmark: _Toc235055390][bookmark: _Toc237455784][bookmark: _Toc237456865]Cost–Benefit Analysis (CBA): A decision-making process that assesses if the expected benefits of a project exceed its cost. Benefit-to-Cost Ratio (BCR) is one of the key indicators in this regard. 

[bookmark: _Toc235055391][bookmark: _Toc237455785][bookmark: _Toc237456866]Investment decision-making: The process of selecting investment alternatives based on financial, operational, and strategic evaluation criteria. 

[bookmark: _Toc235055392][bookmark: _Toc237455786][bookmark: _Toc237456867]Project Prioritization: The process of ranking projects according to specific criteria such as economic value, strategic importance, and risk reduction potential. 

[bookmark: _Toc235055393][bookmark: _Toc237455787][bookmark: _Toc237456868]Resource allocation: The process of assigning financial, human, and technical resources to projects or activities to maximize organizational value. 

[bookmark: _Toc235055394][bookmark: _Toc237455788][bookmark: _Toc237456869]Sensitivity Analysis: An analytical approach used to evaluate how changes in project assumptions, such as costs or benefits, affect economic performance and investment decisions. 

[bookmark: _Toc235055395][bookmark: _Toc237455789][bookmark: _Toc237456870]Decision-support Tool: A quantitative or qualitative tool for managers to assess alternatives and make an evidence-based decision. 

[bookmark: _Toc235055396][bookmark: _Toc237455790][bookmark: _Toc237456871]Illustrative Project Evaluation Scenario: A realistic but anonymized project example to demonstrate the use of the BCR method and for protecting organizational privacy. 

[bookmark: _Toc235055397][bookmark: _Toc237455791][bookmark: _Toc237456872]Operational Risk: Losses due to insufficient or failed internal processes, people, systems or external events affecting organizational operations.
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1. [bookmark: _Toc232022357][bookmark: _Toc237456873]The Introduction
The oil, gas and petrochemical industrial sectors are considered the most capital intensive and risk sensitive industry in the world economy. The companies that operate in this sector must continuously evaluate their large investment, business operations and complex projects due to geopolitical uncertainty, changes in market conditions, and technological development. In the modern risk management, the effective managerial decision utilizing a tool such as decision analysis along with economic evaluation. According to Pinto, Magpili & Jaradat (2021), risk management involves identifying a potential threat to the company goals and implementing a systematic method to examine alternatives which will minimize the losses while maximizing values. Companies use economic evaluations to assess the project cost, associated risk, and expected benefits, which support decision making and informed investments. The economic evaluation and risk-based investment planning integrations are important in oil, gas and petrochemical industries where investment decisions depend on company financial performance and operational risk (Khan & Haddara, 2022). The Benefit-to-Cost-Ratio (BCR) methodology is one of the economic evaluation tools that is widely used and considered as a key component in cost-benefit analysis in engineering economics, project management, assessing project values and determining whether the expected benefit justify investment costs. (Blank & Tarquin, 2018; Newnan et al., 2019). It is also an economic indicator that is used to evaluate economic feasibility of any project by the present value of expected cost to the present expected benefits value (ratio of present value of expected cost to the present expected benefits value). When the ratio of the calculation shows a value of greater than one, then the project is considered as economically viable because the benefit is higher than the cost. However, if the value is less than one then this project shall not be considered. In the risk management, BCR is a way to evaluate whether the expected benefits of risk mitigation, capital investments and operational improvements justify their costs. Therefore, economic evaluation is crucial factor of risk management because it allows companies to select the best appropriate activity that reduces risk with the invested resources. The BCR allows the decision-makers to compare different investments alternatives and allocate resources that have highest economic return on investment compared to the cost. As Blank & Tarquin (2018) mention, BCR will help managers rank project alternatives and choose the most economically efficient option when they have limited resources. Economic evaluation tools like BCR are important in refinery and petrochemical sectors since projects often require a huge capital investment and have a high operational risk such as technological risk, fluctuating in oil price and regulatory changes. Hence, the companies use quantitative economic evaluation that support to identify economically viable investments and reduce financial and operational risks. Since a large refining and petrochemical plants are operated inside Saudi Arabia, they are very crucial to the national economy and industrial development strategy. PetroRabigh is a largest integrated company in Saudi Arabia which is a joint venture between Saudi Aramco and Sumitomo Chemical. It was in operation since 2025 which provide different hydrocarbon-based products for car industry and plastic products. The huge scale of PetroRabigh requires solid systematic investment evaluation and risk management to maintain a high operational reliability and long-term sustainability. Such huge scale of project investments, operational initiatives and improvement and plant expansions are required a systematic economic evaluation to ensure that their expected benefits justify implementation costs. Using BCR methodology will provide the basis of comparing between projects selections and investment alternatives which reduces the business risk and maximizes the organizational values. Based on above insights, the study investigates how BCR methodology can improve decision-making, resource allocation and investment selection that reduce company’s risk exposure. In addition, the study investigates the impact of applying BCR methodology as a supported decision tool that reduces business risks in oil, gas and petrochemical industry and PetroRabigh as a case study. The previous study was focused on examined the cost benefits analysis in engineering economy, industrial safety and limited empirical study has investigated the effectiveness of applying BCR methodology as integrated decision support toll to reduce the business risk in a large organization such as oil, gas and petrochemical specially within Saudi Arabia.  

2. [bookmark: _Toc232022358][bookmark: _Toc237456874]Problem Statement
In oil, gas and petrochemical companies, different business risks are exposed to these sectors which include finical uncertainty, operational issues/failures, market fluctuating and environmental risks. Managing all these risks is essential to operational/business continuity, long-term competitive and financial performance. The companies required a structured framework to allocate resources in effective way and to prioritize risk mitigation initiatives during operating under financial and operational constraints (Anderson & Schrøder, 2010).
Such a framework can enables companies to manage the business risk effectively, strengthening the organization’s resilience and supporting the investment decision making. In terms of risk-management, prioritizing the investment and risk mitigations are considered as the challenges of companies that have a limited resource. The large companies always have a competing project, starting from safety improvement, technology innovation, capacity building to operational improvement. Such projects can improve reducing the risk or increasing the performance, however implementing all of them together may not be feasible. 
Therefore, companies require analytical methods to evaluate the economic benefits of different alternatives and assess the potential of reducing the risk.The economic evaluation tools such as engineering economics can provide structural framework to analyze the decisions. The BCR is an analytical tool used to determine if the expected benefits form any projects are worth its cost (Blank & Tarquin, 2018). When companies apply risk management, it can help to set risk mitigations that reduce the risk which affects capital investment. Although such availability of analytical tools, still several companies suffer to combine risk management with economic evaluations. For the oil, gas and petrochemical sectors, complicated operations and huge investment make the measure of the economic impact of the risk mitigation difficult. Hence, some decisions in investment might be decided without fully considering of how the cost, benefits and risk reduction are related. This is very important to a large-scale companies such as Petro Rabigh where the reefing and petrochemical are integrated. The company is always investing in operational improvement, safety, maintenance programs and new technologies to keep the operational and financial risks away. However, determining the suitable investment that generates low risks and remaining economically justifiable is still considered a managerial challenge. Hence, the problem of this study is to understand the limited empirical of how BCR can be applied as a risk management tool in this industry. As BCR methodology is widely used for project evaluation in engineering economics, however its applications to risk based decision making and reducing the risks in huge industrial organizations were not studied by empirical research.  The study focuses on how BCR can improve risk management by selecting better investment to the companies and focus on projects that can lower the business risks. By using PetroRabigh as a case study, the study aims to understand the relationship between economic evaluations and the effectives of risk management in oil, gas and petrochemical companies. 

3. [bookmark: _Toc232022359][bookmark: _Toc237456875]The Importance of the Study
This study is important because it addresses the growing needs for effective risk management and investment evaluation, especially in the oil, gas and petrochemical sectors, especially in high investment cost, complicated operations and uncertain market. As mentioned by Pinto, Magpili & Jaradat (2021), effective risk management required firms to identify the possible risks and compare different possible strategy with the best possible BCR to make the risk assessment process work. The research helps for better understanding of how BCR methodology can support risk management and investment decision making in a huge industry as well as offers several managerial and economic contributions. Large organizations require a continues evaluation of technological upgrades, safety, maintenance programs, investment opportunities, operational improvements and all of these evaluation are costly. The managers must select the best choice to invest in economic evaluation methods such as BCR (Newnan et al., 2019) which help decision makers to allocate the resources by comparing between cost of the project and benefit of the project. The managers need to improve the capital allocation and company performance and thus can be achieved by understanding how BCR support risk-informed investment decisions. In terms of industrial perspective, the study is important to the oil, gas and petrochemical sectors as they have a huge capital investment and risk sensitivity of the global economy. These companies usually handle a large-scale investment project which involves a long-term financial commitment, operational risks, environmental risks, long project life cycles and market risks. Andersen & Schrøder (2010) mentioned that the companies which operating in uncertain environments must use structured risk management path that combine economic evaluations and strategic decision making. Therefore, the study emphasizes how BCR can support the business risk reduction, investment evaluations and project prioritization within high-risk industrial environments. As mentioned earlier, the study is conducted within Saudi Arabia and relevant because these sectors play a major fundamental role in Saudi Arabi’s economic development and industrial objectives. Such large-scale industrial facilities require a continues investment in technologies, risk management initiatives and operational improvement. PetroRabigh is a relevant example of a large-scale industries which provide an appropriate case study to evaluate the practical application of BCR in real industrial environment. The findings of the study may assist in decision making and supporting more effective risk informed decision making. In addition, it will provide a complement study on economic evaluation and risk management by combining practice concepts with theoretical concepts. It is worth mentioning that the BCR is well identified in project evaluation literature and engineering economy however BCR role is risk reduction and risk-based decision making within the industrial sector has a limited empirical study.  By making PetroRabigh a real case, the study will provide a practical explanation and evidence on how economic evaluation tolls such as BCR can enhance risk management. The study can also be useful to enhance risk-informed decision making, risk management and investment evaluation within the large-scale companies. 







4. [bookmark: _Toc232022360][bookmark: _Toc237456876]Research Objectives
The main objective of this study is to investigate the BCR approach and how BCR is applicable for risk management in oil, gas and petrochemical sectors. Since the study is focusing on large scale facilities, the study also will examine how BCR will support the company for decision making, resource allocation and business risk mitigation. As mentioned by Pinto, Magpili & Jaradat (2021), in the large industrial scale facilities, the risk management approached shall be systematic and the project which generates more value relative to their implementation cost with less uncertainty should be considered based on the best possible risk management strategy. Thus, involving potential risks identification and analyzing them with a proper analytical tool to identify the best way to minimize losses and to enhance the company performance. The economic evaluation methods such as BCR will provide data to decision makers to link between risk reduction efforts and financial performance. According to engineering economic literature, BCR is a strong tool used to compare choosing project alternatives and project alternatives with greatest economic benefits.  The benefit cost analysis (Newnan et al. 2019) support managers to allocating companies resources by comparing between the expected benefits of investment alternatives and their associated cost. Moreover, when applied within a risk management framework, it will support the companies to choose the most effective risk reduction strategies.  Finally, the study will investigate the impact of BCR approaching within Saudi Arabia specially in oil, gas and petrochemical sectors as follows:
· Evaluate the uses of BCR to assess the investment option for operational improvement and risk reduction. 
· Evaluate how economic evaluation can support the risk management decision making. 
· Evaluate how BCR can help and support managers to make an appropriate decision on best use of project with low cost and highest benefits in terms of risk reduction.
· Evaluate the impact of BCR in operational decision making within PetroRabigh. 
· Evaluate if BCR will impact on business risk reduction.
All of these objectives, evaluating quantitative financial evaluation techniques will enhance the risk management through company performance, investment decision making, and improve risk assessment which contribute to the sustainability and efficiency of the large-scale companies. 

5. [bookmark: _Toc232022361][bookmark: _Toc237456877]Research Questions
The well-defined questions can help and support researchers to evaluate how decision making and analytical tools can support the companies to assess, detect and mitigate the risk. In uncertainty sectors, companies shall evaluate different investment alternatives which have differ in their associated risk exposure and expected economic benefits. Pinto, Magpili & Jaradat (2021) highlighted that good risk management is about using analytical frameworks to decrease uncertainty and to guide decision making. The BCR is a tool where it can be used to evaluate the feasibility and risk impact of different projects. In fact, the engineering economic literature focuses on the BCR method which allows decision makers to compare between projects alternative and decide whether the expected benefit justifies the cost. Newnan et al. (2019) stated that the benefit cost analysis can support the managers to select a project that will provide the best value to their investment. Referring to the research objectives, this study addresses the following research question: 
How does the application of the Benefit-to-Cost Ratio methodology contribute to reducing business risks in the oil, gas and petrochemical industry, particularly in the operation of PetrRabigh in Saudi Arabia? 

Sub-questions are also included in this research which can also help to answer the main research question and aimed to understand the relation between risk management effectiveness and economic evaluations: 
· What is the relation between using BCR and business reduction in petrochemical sectors? 
· How can BCR improve the investment decision making and help prioritize projects in large-scale facilities such as PetroRabigh? 
· What are the roles of economic evaluation in supporting risk management in this sector? 
· What kind of challenge generated once economic evaluation such as BCR integrated with risk management? 

6. [bookmark: _Toc232022362][bookmark: _Toc237456878]Study Hypotheses
The hypotheses support to assess if the methods, tools and strategies will lead to lowering the company risk and making better decision making. If the researcher sets the correct hypotheses, then it can be investigated if the analytical techniques do indeed result in risk management performance improvement The high uncertainty and complexity operation in this sector, companies need to have a strong strategy to make a decision on risk and investment. As Pinto, Magpili & Jaradat (2021) mentioned, companies can reduce business and operational risk by using analytical tools to evaluate alternative choices in a systematic way. The managers who always evaluate investment alternatives periodically are more likely to make informed decisions which will maximize the business value and minimize the risks. The BCR is a quantitative model which compare the expected project benefits with the costs.
Newanan et al. (2019) mentioned that the benefit cost makes it possible for organizations to select projects that have the greatest economic value compared to their investment. When integrated into risk management, this can support selecting the projects which are economically valuable and able to reduce the company risk exposure. Referring to the research objectives and questions, the proposed hypotheses of this study are illustrated below:  
· H1: Using the BCR methodology has a positive impact on reducing the business risks in the oil, gas and petrochemical companies, mainly in PteroRabigh operation which located in Saudi Arabia. 
· H2: Using the BCR methodology improves investment decision making in oil, gas and petrochemical companies.
· H3: Using the BCR methodology enhances the prioritization of risk mitigation projects in oil, gas and petrochemical companies.
· H4: Using the BCR methodology contributes to efficient allocation of financial resources for project related to operational improvement and risk reduction.
· H5: Using the BCR methodology and integrated in company decision making process will improve the risk management in oil, gas and petrochemical companies.
· H6: Using the BCR methodology will help and support managers to select the appropriate project which has and deliver more economic benefits and reducing the potential business risks. 

These hypotheses will provide a framework to examine the relation between risk management practice and BCR. Testing these hypotheses will determine if the economic evaluation tools or techniques will support investment prioritization and risk-based decision making in a large sector such as PetroRabigh. 

7. [bookmark: _Toc232022363][bookmark: _Toc237456879]Previous Studies
[bookmark: _Toc232022366][bookmark: _Toc232022474][bookmark: _Toc234837710][bookmark: _Toc234838062]In previous studies, they explored the usage of BCR and related economic evaluation methods in investment decision making and risk management within the industrial division such as oil, gas and petrochemical sectors. Below are some previous studies. 

7.1 Cost-Benefit Analysis in Petrochemical Safet Management 
Vianello et al. (2019) studied how cost benefit analysis can use in a petrochemical plant, especially in safety management. The study shows and proves the complexity of these plants and the need for strong safety management to prevent major accidents. Hence, using a tools such as cost benefit analysis and Risk Based Inspection (RBI) measures, enable companies to measure the economic benefits of safety measures and select the proper risk reduction strategy. The outcome shows that the integration of safety management along with economic analysis will improve operational safety and reduce the maintenance cost. However, the study was limited to the safety related investment but also showed the importance of using cost benefit analysis in industrial management. In addition, the study did not investigate the usage of BCR in organizable investment decision making or business risk management especially in petrochemical sectors.  

7.2 Cost-Benefit Anlsysis for Petrochemical Investment Projects 
King Abdullah Petroleum Studies and Research Center (2023) evaluates the usage of cost benefit analysis in petrochemical investment projects and project feasibility from an economic perspective. The cost benefit analysis can provide valuable data and information about operational risk factors and key economics which effect in petrochemical investment (e.g. energy, cost, feedstock price).  The study shows that adding more economic factors to the project evaluation can affect significantly on the feasibility and financial performance of the project. In addition, the cost benefit analysis makes the decision making transparent and provides stakeholders a better understanding of the risk associated within the petrochemical investments. However, the BCR was not fully studied and only discussed how BCR is used in strategic decision-making environment. and organizational risk governance.

7.3 Stochastic Cost-Benefit Analysis for Risk Reduction in Natural Gas Infrastructure 
Cabrales et al. (2022) developed a stochastic cost benefit analysis framework by using Monte Carlo simulation and optimization to look into investment that enhance the reliability of the natural gas infrastructure while considering different variables such as pipeline instability and gas supply disruption. The model which been developed estimate the expected BCR of new infrastructure project and showed that stochastic cost benefit analysis is more realistic model which can be applied under uncertainty conditions. In their study, the calculated BCR in the infrastructure project found higher than 2.0 and the economic benefits is higher than the investment cost. 

The study revealed to when the integration of uncertainty analysis and cost benefit assessment are combined, then it will improve the infrastructure reliability, risk management and investment planning. The study also did not focus on BCR methodology as company decision making support tool for reducing the business risk, but it focused on the reliability of the natural gas infrastructure.

7.4 Cost-Benefit Farmwork for Risk Mitigation in Oil and Gas Pipelines 
Urbina & Aoyama (2017) proposed a framework based on fussy risk assessment and cost benefit analysis that assesses the safety measures in oil and gas pipeline. The fuzzy logic used to estimate the monetary value of risk reduction and uncertainty in risk assessment in order to evaluate whether the pipeline investment is economically viable or not. By utilizing the cost of mitigation to economic value of avoided risks, then it will help pipeline operators to evaluate if safety investment is economically viable or not. This framework applied to an oil transportation network and the result shows an improvement in safety investment decision making and supports them on identifying the area where the mitigation expenditures are most profitable. However, the study did not address the approach of BCR in company-wide investment prioritizations and business risk reduction. 

Based on the above studies, it shows that cost benefit analysis applied in several industries and successfully implemented in investment evaluations, industrial safety and infrastructure planning. In addition, these studies focused on technical risk and project feasibility but evaluating BCR as integrated business management tools in a large-scale petrochemical companies was not considered. In addition, all of them did not provide empirical evidence with the petrochemical sector mainly in Saudi Arabia which justify the present research. Moreover, these studies were focus on operational application and technical related rather than BCR as integrated decision support tool in petrochemical sectors as business risk reduction tool. However, both analysis methods (BCR and const benefit analysis) in economic evaluation are used in industrial sector widely in order to identify the risk mitigation, safety investment strategy and investment decision making. When integrate the risk assessment models along with cost benefit analysis then it will enhance and improve the resource allocation efficiency and decision-making process. Although a continues development of economic evaluations and cost benefit analysis however still there are less empirical peer studies that found BCR is effectively support the business risk mitigation in oil, gas and petrochemical sector specifically in Saudi Arabia. Hence, this gap must be filled by a research that combines risk management practice with engineering economic evaluation in a real industrial context. Therefore, this study contributes to the existing literature by evaluating the impact of BCR in reducing the business risk in the oil, gas and petrochemical sectors and PetroRabigh as an example. 

8. [bookmark: _Toc232022369][bookmark: _Toc237456880]Theoretical Framework
The theoretical farmwork of this study provides a conceptual foundation of understanding how BCR can support the risk management in oil, gas and petrochemical sector within Saudi Arabia. It is based on intersection of engineering economy, decision analysis, risk management theory and logic motivating the research.

8.1 [bookmark: _Toc237456881]Risk Management Theory 
The risk management theory provides the foundation of assessing, identifying, mitigate the operational and business risk. The risk management theory will provide the fundamental of evaluation the investment in safety process and operation improvements through evaluation methods and ensure the resource is allocated to inititves which maximize the risk reduction. As Pinto, Magpili, & Jaradat (2021) stated that the effective risk management depends on a strong risk identification process, risk mitigation, risk assessment and monitoring: 
· Risk Identification: where the uncertainties, threats and potential hazard are identified and that affect the company objectives.
·  Risk Assessment: where the impact of the identified risks and likelihood are assessed. 
· Risk mitigation: implementing and selecting the strategies to reduce the exposure to risks, such as financial controls, process improvement and safety measures. 
· Monitoring: assessing and monitoring the effectiveness of strategies and adjusting them as required. 
8.2 [bookmark: _Toc237456882]Engineering Economic Theory
The engineering economy Theory is providing the fundamental of evaluating the investment alternatives economic justification risk mitigation initiatives. As Newnan er al. (20190 mentioned that the BCR considered as one of the principal tools that used to compare between the project expected benefits and associated cost. Whiche means that the risk management is a tool that shows project with higher BCR values is more favorable because it generates more benefits per unit of cost. 
8.3 [bookmark: _Toc237456883]Decision Analysis Theory
The Decision Analysis Theory is focusing in the need of making a rotational choices under the uncertainty conditions. Andeson & Schrøder (2010) described that the decision analysis will involve the selecting of the most beneficial option in term of business development, evaluating the consequences and identifying the alternatives which is the based of the BCR application idea in risk informed decision making where the manager can provide a numerical analysis on how the investment is contributing to risk reduction. 
8.4 [bookmark: _Toc237456884]Integrated Premise for the Study 
By utilizing above theories, the research is based on the following ideas: 
· BCR is quantitative tools used to analyze the effectiveness and efficiency of the investments. 
· BCR integration with risk management process can support ensuring that companies’ resources are directed toward the projects that generate more economical value and reduce the risk exposure. 
· The business risk can be mitigated through investments which improve the process safety, technology capabilities and operational efficiency. 
· By implementing these theoretical perspective to PetroRabigh will enable the research to evaluate the relation between business risk reduction and economic evaluation within a real industrial environment. 

9. [bookmark: _Toc232022374][bookmark: _Toc237456885]Methodology and Research Methods
In this section, the data collection methods, research interments, research design and analytical techniques were described and used to address the test of study hypotheses and research questions. The research will also evaluate the impact of using BCR on risk reduction within the oil, gas and petrochemical sectors with a real case study of PetroRabigh in Saudi Arabia. In addition, the study adopted qualitative and quantitative research approaches. 
9.1 [bookmark: _Toc237456886]Research Approach 
As mentioned, mixed method approached combining qualitative and quantitative were adopted in this study. The qualitative interview data and quantitative survey data collected during the research period and was integrated during the interpretation of findings to provide a methodological triangulation. The reason for adopting this approach is illustrated below:
· Exploring the managers’ perceptions, challenges implementations and companies’ practices related to investment decision making and risk management. 
· Evaluating the efficiency of BCR in risk mitigation initiatives and investment evaluations. 
The quantitative components of this study, three illustrative project evaluation scenarios developed from representative industrial projects in order to demonstrate the practical application of BCR while maintaining the company confidentiality. Due to confidentiality restrictions that prevented disclosure of the actual company project data, the illustrative scenario was used. 
9.2 [bookmark: _Toc237456887]Research Design 
This research conducted with a case study that is appropriate for studying complex phenomena in a real world. As mentioned by Torben Juul Andersen & Peter Schrøder in strategic risk management practice, all case studies are useful whenever the research targeting to understand why and how a specific methodology can affect company results. Therefore, PetroRabigh was selected as a case study due to large scale integrated oil and petrochemical facility in Saudi Arabia. The case study design allows for: 
· Examine project evaluation scenario that developed from a real industrial condition and real project due to confidentiality of project data. 
· Deep study of BCR in operational risk management. 
· Examine a real company decision making process. 
9.3 [bookmark: _Toc237456888]Population and Sampling 
In this study, population was consisting of planners, financial members, project managers, engineers and risk management members from PetroRabigh where all of them involves in investment decision making, risk management activities and project evaluations. 
· Purposive sampling was used in this study to select a member that has an experiences with project investment and BCR as risk management method.  
· Initial plan was to select 15 to 20 member in the qualitative interview and 5 to 10 completed project investment in a qualitative & quantitative way. Due to confidentiality of project data, confidentiality reequipments and limited participant, three illustrative projects scenario developed and 15 participants from PetroRabigh plant to illustrate the BCR of the study. 
9.4 [bookmark: _Toc237456889]Data collection Methods 
· The surveys will gather the risk management practice and effectiveness of BCR from the participants’ perceptions. 
· Project evaluation scenario was developed from PetroRabigh project and operational condition was used to demonstrate the application of BCR considering the company confidentiality.
· A semi-structured interview with risk member, engineers and managers.   
9.5 [bookmark: _Toc237456890]Research Instruments 
· Semi-structured interview guide designed examine the participant experience, best practice and implantation challenges related to BCR in risk management.
·  Templates data extraction was used to analyze and organize the cost and benefit information for the sensitivity analysis and project evaluation scenario. 
· The survey and questions on BCR, understanding and perceived effectiveness of BCR on risk reduction.   
9.6 [bookmark: _Toc232022380][bookmark: _Toc232022488][bookmark: _Toc237456891]Data Analysis Methods
9.6.1 [bookmark: _Toc237456892]Quantitative Analysis
In order to understand the participant’s understanding of the effectiveness of the BCR, a descriptive statistical analysis, standard deviation and mean scores was performed.  In order to determine the support level for every research hypothesis, a response pattern was analyzed. 
9.6.2 [bookmark: _Toc237456893]Qualitative Analysis
· As proposed by Braun & Clarke (2006) for identification recurring pattern and implementation challenges associated with BCR in risk management, all interview data was analyzed by using a thematic analysis following the six-phase approached. 
· Coding of responses to bridge the quantitative and qualitative finding.
· The quantitative and qualitative finding provides a view on how BCR guides the decision making in the business risk reduction.
9.6.3 [bookmark: _Toc237456894]Ethical Considerations
· Through the study, all participants were strictly maintained their anonymity, confidentiality and sensitive company information.
· All gathered data being used in this study remained secure. 
· All participants were informed about this study and get their agreement and acceptance before conducting the interview and the survey.
9.6.4 [bookmark: _Toc237456895]Limitation of Methodology 
· Company project financial information was strictly confidential and not released therefore three illustrated project evaluation scenarios used to demonstrate the BCR methodology. 
· This study used PetroRabigh as a single case study, this will limit the findings generalizability to other companies.  

10. [bookmark: _Toc232022385][bookmark: _Toc237456896]Study Tools
The study used different research instruments for measurement, collecting and analyzing the qualitative and quantitative data. In addition, several study tools are used to get qualitative and quantitative data which have also been used to capture the operational, economic and managerial dimensions risk management in PetroRabigh. 
10.1 [bookmark: _Toc237456897]Questionnaires / Surveys 
Questionnaires and surveys were used and developed with close-ended and Likert-scale to gather the quantitative information on BCR experience on risk management, application practice, and managerial perceptions. The questionnaires consider the following areas:
· The frequency of utilizing BCR in operational decision and investment.
·  Implementation limitations and challenges.
· Understanding of Benefit-to-Cost-Ratio (BCR) methodology.
· The effectiveness of reducing business risk.
By utilizing this tool, standardized data was collected from the participants in order to compare their perceptions on the effectiveness of the BCR. In Appendix A, the questionnaire used during the study are attached.
10.2 [bookmark: _Toc237456898]Semi-Structured Interviews 
To understand how BCR can be applied in practice and to gather the qualitative knowledge, semi-structured interview tools have been used. This tool will provide qualitative insight into participants’ challenges, perspective and experience of utilizing the BCR. The participants in this interview were from PteroRabigh engineers, risk officers and managers. The open-ended questions can be explored:
· BCR contribution in risk reduction.
· Discover the best practices, challenges and gaps during the implementation. 
· BCR integration into risk management framework. 
· The decision-making process during project selection.
This interview provides a useful contextual insight more than the quantitative findings. In Appendix B, the semi-structured interviews guide used during the study are attached. 
10.3 [bookmark: _Toc237456899]Data Extraction Templates 
This tool is used to show the use of BCR in risk informed decision making and investment evaluation. Three illustrative project evaluation scenarios were developed due to company confidentiality and data restriction and all of them from a real operating conditions and industrial project category. These scenarios are corresponding with typical investment decisions for process safety improvement, reliability and maintenance enhancement and digital operational optimizations. In order to demonstrate how BCR can be implemented in practice, on each case the BCR was calculated and for each project benefits and costs. Moreover, the sensitivity analysis on these scenarios and the benefit under different uncertainty condition and the impact of the changes in the cost of the project was explored. By implementing this approach, it enabled the practical application of BCR while maintaining and protecting the company data.
10.4 [bookmark: _Toc237456900]Statistical Analytical Software
The collected data was saved, processed, analyzed, and performed destructive statistical analyses by using Microsoft Excel. Thus, will evaluate the participant’s perception about the BCR effectiveness on business reduction. 
10.5 [bookmark: _Toc237456901]Benefit-to-Cost Ratio Calculation
For evaluating the economic efficiency of the project risk, the BCR tools were used. The BCR calculation and condition are illustrated below:

· When the project  BCR > 1 then it will be considered economically viable and effective for risk mitigation.
· The BCR value is analyzed in relation to provide quantitative evidence of the BCR impact and to observe risk mitigation outcomes. 
10.6 [bookmark: _Toc237456902]Triangulation of Tools
The purpose of using the multi tools is to provide an overall view on the impact of BCR in risk management, to validate and to enhance the reliability of the study. 
· The quantitative BCR result that collected from the illustrative project evaluation scenario was compared with the interview findings and survey in order to evaluate the uniformity between participant perceptions and economic evaluation outcomes. 
· The interview insight was triangulated with illustrative project evaluation scenarios and survey finding in order to identify the practical insight, consistencies and implementation challenges which associated with the BCR. 

11. [bookmark: _Toc232022392][bookmark: _Toc237456903]Study Limitations
In any research study, a study limitation will affect on the scope and interpretation of the findings. By acknowledging the limitation of the research, this will enhance the transparency and will also provide a direction for future research. This research is examining the impact of BCR on reducing the business risk in Saudi Arabia especially in oil, gas and petrochemical sectors (case study of PetroRabigh) therefore, the limitation of this study is listed below:
11.1 [bookmark: _Toc237456904]Single Case Study Focus
Since this study is focusing in PetroRabigh which has a large scale and integrated facility between oil and petrochemical, the study may not be applicable in other oil, gas and petrochemical plant in Saudi Arabia which has different organizational cultures, operational structures and geographical context. In a case study research is limitation is common however it is mitigated by data triangulation from many resources within the organization.
11.2 [bookmark: _Toc237456905]Availability and Quality of Historical Data 
Due to confidentiality restrictions that prevented disclosure of the actual PetroRabigh project data, financial data and operational data, three illustrative project evaluation scenarios were developed and all of them from a real operating conditions and industrial project category. 
However, these illustrative scenarios demonstrate the practical application of BCR but the result may not representing the actual project outcomes. 
11.3 [bookmark: _Toc237456906]Subjectivity in Managerial Perceptions 
The interviews and survey may have subjected to personal experience and organizational politics therefore qualitative data from quantitative survey and interviews may vary. The BCR effectiveness might be biased on participant opinion due to confirmation bias or social desirability. The quantification of qualitative information with the BCR analysis can increase the reliability and reduce bias.
11.4 [bookmark: _Toc237456907]Complexity of Risk Measurements
Since the study is within a large complex and complected operations, many measurable indicator used in this study such as operational disruptions, financial losses and frequency of incidents however, some portion of the business risk such as long term market uncertainty, regulatory compliance and reputational risk may not capture. Also, this study acknowledge that the BCR is a financial metric and its effect and relation to overall risk reduction may not cover all intangible risks.   
11.5 [bookmark: _Toc237456908]Time Constrains 
Since the timeframe of this study is limited, thus limit the evaluation of long-term impact of the projects that been evaluated by the BCR. Usually, the risk reduction or the benefit outcome will be noticed years after completion of the project.
11.6 [bookmark: _Toc237456909]External Factors Beyond Control 
Any external factors such as geopolitical events, global oil prices and market fluctuations can affect on the risk or project benefit. These factors can affect of the direct effects of BCR in business risk reduction. Therefore, the study adopts the following measures to reduce the impact of this limitation as follows:
· During BCR implementation, experienced participants were selected.
· Using Triangulation of qualitative and quantitative data.
· In order to improve the reliability, double check and cross validation on the interview result, project evaluation scenario and survey result,
Although these limitations exist, the study supports the BCR contribution to business risk reduction and investment decision making within a large petrochemical company. 
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